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Reply to Referee #2

REF: The manuscript by Bouillon et al is an excellent study executed by a group that
has consistently produced first-rate results, particularly in understudied tropical rivers
and estuaries draining into the Indian Ocean. It encompasses the following key, im-
portant findings: 1) Decoupling between DOC and POC; 2) dry-season temporal de-
coupling of sediment dynamics between lowland mainstem and its feeder upstream
mountain streams; 3) high lability of phytoplankton contribution from a reservoir; 4)
convincing, multi-faceted evidence for the importance of authocthonous primary pro-
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duction relative to respiration in the mid-to-lower Tana river, despite the high turbidity, in
parallel with only a minor phytoplankton contribution to POC in the mid-to-lower Tana
river; 5) exploration of C3 vs C4 vegetation influence as sources of organic carbon
fractions and metabolism. The study is characterized by several important factors that
make it distinctive: 1) Selection of a very interesting system where the absence of low-
land tributary inputs means that downstream changes can be attributed largely to river
corridor dynamics, making for an excellent opportunity to isolate processes; 2) focus
on a river system representing a system that is poorly studied (tropical sub-arid rivers);
3) an opportunity to study reservoir effects on nutrients and carbon cycling in tropical
rivers (not novel per se, but well done and an important part of the Tana). As in previous
work by this group, the study is based on high-quality methods and a terrific arsenal
of analytical approaches. Despite these strenghts, it suffers from a lack of focus or set
of driving questions. In fact, the Introduction itself doesn’t lay out specific objectives
for the paper, other than "present data from a large-scale study" from a river system
that has some distinctive properties and represents a poorly studied system. As a
result, the paper meanders along lots of topics and issues, without a coherent frame-
work or perspective; for instance, on pages 5987-88, asking about whether soil 13C
data are representative of the overyling biomass C3 vs C4 distribution (and decoupling
this discussion from the one on river POC origin), or whether the DOC concentration
data fit the soil-C:N-ratio model for DOC export control, especially when discharge or
annual-scale data are not available to calculate DOC fluxes.

REPLY: Thank you for the positive comments. Regarding the lack of focus/driving
questions, we fully understand this critique and this fits also with the impression of
Ref#1. This manuscript was indeed mainly intended to provide a first description of
the biogeochemical characteristics of this river basin, rather than to provide an in-
depth discussion of more specific results/conclusions. This dataset results from an
initial fieldwork campaign, but we are studying this system in much more detail over
the coming years, and this will provide the necessary data to address more specific
questions and back up our conclusions with more extensive data.

C2243

http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/6/C2242/2009/bgd-6-C2242-2009-print.pdf
http://www.biogeosciences-discuss.net/6/5959/2009/bgd-6-5959-2009-discussion.html
http://www.biogeosciences-discuss.net/6/5959/2009/bgd-6-5959-2009.pdf
http://creativecommons.org/licenses/by/3.0/


BGD
6, C2242–C2250, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

REF: As a result of this diffuse focus and very broad scope, the discussion is some-
times fairly superficial and sometimes does not reflect current understanding and re-
cent knowledge. This is despite an Introduction text that is first-rate and state-of-the-
art, which could practically be published as is; and an undisputable history of excellent
studies presented in excellent papers by this group. There’s also substantial repetion
of text and statements of data results in the Discussion sections, making the text longer
and possibly more tedious to read. Finally, there are several cases where few explana-
tions are offered to explain unusual or significant observations (eg, lack of an altitudinal
gradient in soil C:N, in p. 5987; or the 13C-DIC vs. DIC pattern, discussed below).

REPLY: In the revised version, we will try to refocus the discussion on the main points
of interest and leave out some of the ‘meandering’ for a later occasion when more
compelling data-sets become available. We agree that there is some repetition in the
Results and Discussion sections, and we’ll make sure this is minimized in the revised
version.

REF: My recommendation is that the discussion in this manuscript be re-organized
and refocused before publication. For reasons already stated, the results of this study
should be published in Biogeosciences, and this group can undoubtedly produce a
more compelling manuscript. It’s possible that asking for an overarching framework or
small set of driving questions is an unwarranted demand for novel synoptic surveys
like this one; I understand how difficult that can be. I suggest two possibilities: 1,
Split the manuscript into two papers, with the main one focusing on organic carbon
and metabolism (and the main findings summarized above and already included in
the abstract), and a second one focusing on weathering and inorganic carbon cycling,
including the bulk of results on 13C-DIC13. The second paper would use the major
ion data that were collected but not presented; this is defensible because DIC cycling
and sources appear to be dominated by weathering processes and not by biological
river processes. 2, Re-arrange the discussion into fewer sections that define a set of
clear but broad questions, eliminating material if necessary if it doesn’t support the
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interpretation framework.

REPLY: We agree that we need to focus the discussion, and introduce the main con-
clusions also in the introduction. The suggestion to split up the ms into two separate
papers is valuable but we feel it is more appropriate to re-arrange the discussion and
leave out some of the material/discussion which is less essential. The major element
data will be used in a separate paper mainly to support data on the Si isotope varia-
tions observed in this system – while the d13C-DIC (and other inorganic carbon related
data) would also be valuable there, we feel they fit more into this general description of
all major C pools.

REF: The DIC and DIC isotopes discussion is included in the section on "Indicators
of aquatic metabolism" (sect. 4.2), but in reality focuses largely on the weathering
origin of DIC. This focus is warranted by the nature of DIC in this system; but given
that condition, the grouping of that discussion with one on metabolism is inappropri-
ate. DIC and especially its isotopes can be used as powerful indicators of metabolism
under appropriate conditions, but those conditions do not occur in this system. Also,
the discussion on weathering is sometimes shallow or undermined by some misun-
derstandings. For example, the comparison to the 13C-DIC vs. DIC pattern found by
Aucour et al (1999) in the Rhone is not explored further to yield useful insight. The
statement that carbonate weathering would result in 13C-DIC > -5 o/oo (p. 5982, line
21) is not expanded on, and is correct only under limited conditions (eg, carbonic acid
derived from C4 biomass). With C3 vegetation and dominant carbonate lithologies,
both Aucour et al (1999) and more recently Kanduc et al (2007) clearly demonstrated
that carbonate weathering in European rivers often results in 13C-DIC in the range
of -8 to -12 o/oo that roughly corresponds to the theoretical prediction under closed
conditions. Finally, there are two sites with 14C-DIC values < -500 o/oo; these values
are outside the common range of carbonate weathering by modern carbonic acid, and
should raise the possibility of other C sources or weathering mechanisms, but these
are not discussed (pp. 5982-83). Lithospheric C sources are a strong candidate in this
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volcanic and mountainous area (eg, Gaillardet and Galy, 2008); carbonate dissolution
by sulfuric acid from pyrite oxidation can also produce such 14C-DIC ranges.

REPLY: (i) regarding DIC as indicator of weathering vs. metabolism: we agree that
our discussion deals mostly with weathering, and will accordingly move this discussion
outside the section on metabolism. On the other hand, the suggestion that metabolism
has little influence on DIC dynamics is not valid for all sites, a recent diurnal sampling
effort in one of the Abderdare streams, for example, shows important diurnal variations
of O2 and pH (hence pCO2 and DIC) related to photosynthesis/respiration balance in
such low-alkalinity tributaries. (ii) statement p 5982 L21, carbonate dissolution result-
ing in d13C-DIC >-5 per mil: yes, this was indeed an error, I’m not sure where this
stems from as the range expected for carbonate dissolution was correctly represented
in Figure 9. The numbers in the text will be checked and corrected. (iii) Reg. 14C-DIC
values <-500 per mil: excellent point, this suggestion will be included in the revised
version.

REF: Regarding sediment cycling and particulates, the authors state on p. 5986 (lines
5-7) that the 30-fold increase in TSM concentration between mountain and downstream
rivers in the Tana is the largest of any river system they’re aware of. However, in the
transect presented by Aufdenkampe et al 2007 (a study from the Andes to the Amazon
lowlands cited often in the work of Bouillon et al), TSM shows contrasts between moun-
tain and downstream rivers just as large as those seen in the Tana. Given the state of
understanding of mountain and tropical systems today, such observations, though still
important, are no longer surprising.

REPLY: Some confusion here: we realize such an increase has been previously
recorded between high-altitude tributaries and lowland rivers, but the 30-fold increase
we report only deals with the mid- and low main Tana River (i.e. below the main reser-
voir). This is an important distinction as there are very few additional tributaries along
this stretch in our study area.
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REF: With respect to Section 4.7, it is very safe to assume that the annual-scale in-
puts of sediments from mountain streams occur episodically during storms (as clearly
acknowledged in section 4.4 and cited from previous studies in Kenya), and that such
sediment loading will have a different make-up (including most likely a lower OC con-
tent) than what was observed in this dry-season study (eg, Townsend-Small et al 2008,
though this pattern is commonly observed across systems). I think the community has
accumulated enough understanding about temporal variability of sediment and OC in
mountain rivers to safely say that the simple estimate made on the first paragraph of this
section is flawed (using the %POC/TSM value from mountain streams sampled during
this dry-season study to estimate the loss of particleassociated OC downstream). The
authors clearly acknowledge that this is a tentative assumption that needs more testing,
but I think the opposite assumption or hypothesis is nowadays the more conservative
or defensible one. As a compact summary of the issue of coupling of sediment load in
lowland rivers vs. mountain rivers feeding them, these statements from McClain and
Naiman (2008, p. 334) are very apt: "Meandering lowland rivers maintain their sedi-
ment loads by continually resuspending and depositing materials within their channels
(Meade et al. 1985,Dunne et al. 1998), effectively mining sediments accumulated
in the piedmont over long time scales through discrete depositional events (Aalto et
al. 2003). To understand mountain-lowland linkages, one therefore needs to consider
erosional processes over a broad range of timescales."

REPLY: We agree that the temporal scale of this initial survey is very limited. Samples
for TSM, POC and some other parameters are now being collected on a monthly basis
as several stations along the main Tana river, and these (along with a few in-depth
surveys at different seasons) will be able to provide the necessary data to back up or
reject this suggestion. However, do note that we did not use %POC/TSM data from
mountain streams to estimate loss of particle-associated OC loss downstream, but
%POC/TSM data from below the main reservoir, i.e. from the mainstem river, where
the suspended material is already no longer reflective of the high altitude inputs (the
latter have much higher %POC/TSM, higher POC/PN ratios etc.). As such, although

C2247

http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/6/C2242/2009/bgd-6-C2242-2009-print.pdf
http://www.biogeosciences-discuss.net/6/5959/2009/bgd-6-5959-2009-discussion.html
http://www.biogeosciences-discuss.net/6/5959/2009/bgd-6-5959-2009.pdf
http://creativecommons.org/licenses/by/3.0/


BGD
6, C2242–C2250, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

we can indeed not exclude that the %POC/TSM of the main TSM influx during the rainy
season (expected to primarily from mid-altitude cultured or deforested zones) may be
different than the value we used here (ongoing work will answer this), we do not think
that our main line of thought here is erroneous.

REF: It is worth noting that the overall comparison of sediment dynamics (section
4.4) in the Tana system (120,000 km2 area) to river systems vastly larger in terms
of drainage area and discharge (Mississippi, Amazon and Orinoco) seems inappropri-
ate; this important difference in scale should be acknowledged more clearly, avoiding
the reliance on ambiguous terms like "large rivers". More broadly, a weakness in this
study is the absence of drainage areas and river distances for each site. It limits the
interpretation of the data and comparability to other systems. Latitude and longitude
should also be added, and from Fig. 1 it seems they area readily available to the
authors.

REPLY: We agree that the term “large river system” is not really valid when compared
to e.g. the Mississippi or Amazon. We used this term since the Tana is the largest
river in Kenya, and the east African coast has only a few systems that are larger (e.g.
Rufiji and Zambezi). Latitude and longitude will be added on Figure 1. We should be
able to provide drainage area in the revised version, for river distances it might take
some effort to produce reasonable numbers, as the currently available digital data are
of insufficient quality to produce reliable figures.

REF: The dispersed discussion on the relative role of C3 and C4 on soil OC and river
metabolism would benefit from more coherence, clearer conclusions (even if they’re
tentative), and maybe references to more diverse, recent studies, such as Wynn & Bird
(2007).

REPLY: Good suggestion, work by Wynn & Bird (2007) and Wynn JG (2007, PPP 251:
437-448) is indeed very valuable in this discussion.

REF: The impacts and characteritics of the Masinga Dam are an important and inter-

C2248

http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/6/C2242/2009/bgd-6-C2242-2009-print.pdf
http://www.biogeosciences-discuss.net/6/5959/2009/bgd-6-5959-2009-discussion.html
http://www.biogeosciences-discuss.net/6/5959/2009/bgd-6-5959-2009.pdf
http://creativecommons.org/licenses/by/3.0/


BGD
6, C2242–C2250, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

esting aspect of this study. But given that authors talk about previous work on the Tana,
about hydrological, geomorphological and ecological changes to downstream reaches
that have emerged as a result of the dam, it’d be interesting to speculate about how
those changes may be reflected in the C dynamics observed and discussed here,
downstream of the dam (beyond the impact of a labile pulse of phytoplankton POC).
Are POC source and dynamics likely to be different today in the mid and lower Tana
river because of the dam?

REPLY: Undoubtedly, the construction of Masinga dam (and to a lesser extent, other
dams which are smaller and have a much shorter residence time) will have had an
impact on the downstream biogeochemistry (e.g. due to nutrient and very efficient
sediment retention). Some possible consequences will be proposed in the revised
version.

REF: - The methods description in p. 5968-69 doesn’t make it clear whether the N, P
and DOC analyses were done on filtered samples. The text on this topic is confusing.
From the rest of the paper, it seems clear that filtration was indeed performed, probably
as described for alkalinity. But the methods text should be clarified.

REPLY: Yes, this was indeed not very clear, but all samples for nutrients and DOC were
of course filtered in the field on 0.2 µm syringe filters. This has been specified clearly
in the revised version.

REF: - p. 5986 (line 28) - p. 5987 (line 1): Aufdenkampe et al 2007 did not present soil
%OC trends, so the citation is inappropriate.

REPLY: Correct, this reference will be removed here – the soil data we refer to here are
only from Townsend-Small et al. (2005)

REF: - There are a few errors in references to figures: in p. 5981 (lines 14 & 19),
reference to Fig 13 should be changed to Fig. 5; in p. 5985 (line 10), reference to Fig
3 should be changed to Fig. 7
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REPLY: Correct, this has been changed.

REF: - Fig. 1 would be improved if the site markers were changed to correspond to
the symbology used in most figures, distinguishing Tributaries, Masinga Reservoir, and
Tana sites.

REPLY: Figure 1 will be modified taking the different suggestions into account (symbols,
Lat/Longitude etc.)
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