RESPONSE TO RCT1’S COMMENTS

Manuscript Title: Internal tide signatures on surface chlorophyll concentration in the Brazilian
Equatorial Margin

Manuscript ID: EGUSPHERE-2025-2307
Journal: Ocean Science

Dear Reviewer,

We sincerely appreciate your comments and the suggestions provided. In the following pages, we
address each point raised and detail the corresponding changes made to the manuscript. We hope
that the revised version meets your expectations and is now suitable for publication in Ocean
Science.

Sincerely,

Dr. Carina Regina de Macedo, Dr. Ariane Koch-Larrouy, Prof. José¢ Carlos Bastos da Silva, Dr.
Jorge Manuel Magalhdes, Dr. Fernand Assene, Dr. Manh Duy Tran, Dr. Isabelle Dadou, Mr.
Amine M’Hamdi, Dr. Trung Kien Tran, and Dr. Vincent Vantrepotte

Note: In the revised manuscript, all modifications are marked in red.
REVIEWER 1’S COMMENTS:
Merit:

The manuscript is concise and well written. I think the material would fit well in EGU
Ocean Science and I anticipate it ultimately will be a nice contribution. While the figures
and results are mostly convincing, I think there are a few weak points in the presentation
and analysis, which I have mentioned below.

Major comments (see line-by-line comments for more details):

1. The findings are strongly based on two “showcase” days, and it is unclear whether
they are necessarily reflective of what is typically observed in this region.

Response: The two days were chosen because they clearly displayed the patterns previously
linked to ITs in other studies (da Silva et al., 2002; Muacho et al., 2014), which were also
observed in other CHL images in our study area. This indicates that ITs likely influence
chlorophyll concentration levels. However, at this stage, it is difficult to claim that these cases



are representative of the typical conditions in the region. Further details and explanations are
provided in the discussion of the “line-by-line comments and suggestions” later in the text.

2. The spring-neap tide composite needs to be discussed in more detail with clearer
physical context.

Response: The spring—neap tidal cycle composite maps capture the broader MSf (Lunisolar
Synodic Fortnightly) frequency. Accordingly, we revised Section 2.4 (spring—neap tidal cycle
composite) to better clarify this physical context:

lines 139-144: We developed an alternative methodology to investigate the fortnightly tidal
modulation of CHL by constructing spring—neap tidal cycle composite maps. Assuming that the
IT signal is coherent (i.e., coherent IT5), these composites can resolve the broader MSf frequency.
However, unlike wavelet analysis or other methods commonly applied to examine the frequency
content of IT-related signals (e.g., least-squares harmonic analysis; Zaron et al., 2023), our
approach also preserves the sign of the spring—neap CHL variability. This enables us to
determine whether tidal at MSf frequency influence drives increases or decreases in CHL
concentration within the affected region. If the signal associated to ITs is coherent (i.e. coherent
IT5) the composite maps will help us to extract the MSf frequency.

Because coherent internal tides are largely governed by the spring—neap cycle of the barotropic
forcing, we expect our methodology to capture the associated CHL modulations at the MSf
frequency. Nevertheless, as ITs propagate away from their generation sites, incoherence grows
and phase coherence is gradually lost, which can partially disrupt the signal (see Section 4.3.2 for
the discussion on incoherent ITs and the wave-like patterns observed in the composites).

3. Several of the assumptions are not sufficiently justified and may be a source of
uncertainty. These include a) exclusion of turbid waters when processing satellite data, b)
assumption of stratification in ray tracing.

Response: We agree with the reviewer that the reason and the process for excluding turbid
waters were not clear in the manuscript. This decision was made because chlorophyll algorithms
are particularly vulnerable to inaccuracies in highly turbid waters (Tran et al., 2023), a condition
strongly influenced by the substantial sediment input from the Amazon River. The manuscript
has been revised to clarify this point more explicitly. Additionally, the methodological approach
has also been described in greater detail:

lines 102-109: Models based on band ratios in the visible spectrum offer reliable chlorophyll
estimates for clear to moderately turbid waters but show limitations in highly turbid
environments (Tran et al., 2023). Considering the presence of highly turbid waters in our study
area, associated with the Amazon River plume, we applied the methodology developed by Tran et
al. (2023) to exclude information from highly turbid locations. Specifically, if a given location
(longitude, latitude) was classified as turbid waters (optical water types 4 and/or 5) in more than
20% of the time series, all data from that location were excluded from the analysis. This



approach helped avoid bias in the time series by removing pixels that were permanently or
episodically associated with turbid environments. Overall, the excluded pixels are mainly
confined to areas shallower than 100 m, where there is no evidence the ISWs discussed in this
manuscript.

Regarding the assumption of gradual and continuous ocean stratification, indeed, the
stratification (N) may vary along the internal tide pathways. We decided to remove the ray
tracing experiments from the revised version of the manuscript. Further details on this
modification are provided below in the corresponding responses.

4. In several places, discussion is qualitative even though it appears that quantitative
results could be deduced from the figures. I think that including additional quantitative
results in the text would strengthen the findings.

Response: As suggested by the reviewer, we have included additional quantitative results in the
manuscript. Specifically, we calculated the coherence between the signal along each pathway and
its corresponding signal filtered for mode-1 and mode-2 wavelengths.

Line-by-line comments and suggestions:

L8 — Perhaps it would be better to state that “chl was higher during neap tides”, etc. rather
than the “chlorophyll differences” term which could be confusing (in the abstract only).

Response: We agree with the reviewer’s suggestion and have replaced the term “chlorophyll
differences” with “chlorophyll is higher during neap (or spring) tides” throughout the abstract.

L11 - clarify what the composite means if you mention in the abstract

Response: We agree with the reviewer that the term “composite” should be clarified if
mentioned in the abstract. However, we have decided to remove this term from the abstract to
improve clarity.

L19 — Clarify that this means chl max/min values occur 1-3 days after the tidal signal

Response: To clarify the meaning of CHL max/min values occurring 1-3 days after the tidal
signal, we revised the text as follows:

lines 11-12: A 1-3 day lag between higher CHL variability and tidal potential may indicate
delayed nutrient mixing post-spring-neap tides.

L32 — I would recommend to add a bit more detail on how season conditions vary and how
this modulates ISWs



Response: Following the reviewer’s suggestion, we provided in the Introduction section
additional details on the impact of seasonal variations on ISW modulation.

lines 26-28: During the months from August to December, the combined effect of stronger
background currents and a deeper, less stratified pycnocline leads to greater variability and
longer mean ISW wavelengths (Magalhdes et al., 2016, de Macedo et al., 2023).

L56 — “remote sensing”?

Response: The term 'remote sensors' has been replaced with 'remote sensing', as suggested by
the reviewer.

L71 — Do you mean “intra-annual” (or if not, please explain further)? As written it implies
variability over many years, and I don’t understand how that would be impacted by tides.

Response: The paper by Sharples (2008) focuses on numerical models used to simulate the
spring—neap tidal cycle and its impact on annual primary production rates and vertical carbon
fluxes near shelf sea fronts. According to the author, when tidal currents are weak, the model
predicts inter-annual variability in the timing of the spring bloom of up to 3 days. In contrast,
under strong tidal currents, the predicted variability in bloom increases to 8 days. We have
rewritten the paragraph as follows:

lines 62-64: According to Sharples (2008), the fortnightly modulation of tidal mixing affects time
and magnitude of primary production in stratified shelf areas; changes in the timing of the
spring-neap cycle could account for up to 10% of the total inter-annual variability of bloom
timing in regions with weak tidal regimes, and up to 25% in areas with stronger tidal currents.

L94 — Please explain why those two days were chosen. Were they objectively chosen? Are
they representative of commonly observed conditions? I think it’s still probably ok if not,
but in that case it should be more clear if these may not be typical of what’s usually
observed.

Response: The two days were selected because they clearly exhibited the patterns discussed,
which we also observed in other CHL images (see additional examples below). This suggests
that ITs (and also ISWs, although beyond the scope of this manuscript) likely influence
chlorophyll concentration levels in the study area, supporting the extrapolation to a 17-year time
series of chlorophyll images. Nevertheless, at this stage, it is difficult to state that these cases are
representative of the typical conditions in the study area. Persistent cloud cover, particularly from
January to July, limits access to both MODIS-Aqua and MODIS-Terra imagery, preventing us
from assessing whether such conditions also occur during months of higher cloud coverage, for
which we have no significant examples. Moreover, there are cases where data are available and
ISW signatures are present, and no corresponding signature in chlorophyll can be detected,



indicating that this phenomenon is more complex than explored in this manuscript. Still, we
demonstrated the detectable influence of ITs on the surface chlorophyll concentration over a
17-year time series, which provides valuable evidence and opens avenues for future research to
address the gaps not covered in this manuscript.

As suggested by the reviewer, we have added this concern to the manuscript by writing the

following sentence:

lines 168-172: We selected two illustrative cases to demonstrate how the passage of ITs can
influence chlorophyll concentration, thereby justifying the subsequent analysis that extrapolates
this effect to a 17-year time series. However, it is important to note that, although these cases
exhibit chlorophyll modulation patterns previously associated with ITs in other studies (da Silva
et al., 2002; Muacho et al, 2014), they are not necessarily representative of the typical
conditions in our study area, particularly given the lack of data during months with high cloud
coverage (from January to July).
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Figure 2

L117 — I am concerned that such an exclusion will be seasonally dependent; i.e., discharge
of the Amazon, and presumably turbidity as well, will vary seasonally. Thus, the excluded
data will be disproportionally from a certain time of year. Please explain/quantify whether
this is the case, and how this choice may have influenced later analysis and results.

Response: We agree with the reviewer that turbidity is seasonally dependent, and therefore a
single location (especially in areas influenced by the Amazon River plume) may change its water
type classification throughout the year. To avoid the risk of seasonally biased pixel exclusions
(likely concentrated during the rainy season), we decided to completely remove from our dataset
the information related to locations classified as optical water type 4 and/or 5 in more than 20%
of the time series. This choice was made considering that the chlorophyll algorithm is highly
prone to failure under high turbidity conditions (Tran et al., 2023), especially taking into account
the large sediment load carried by the Amazon River. The manuscript has been revised to
provide a clearer explanation of this concept. While this exclusion resulted in the loss of
information on the impact of tides in certain key areas, such as the Amazon River mouth and
adjacent coastal regions, it ensured greater confidence in the obtained results. The revised
paragraph in the manuscript is presented below:

lines 102-109: Models based on band ratios in the visible spectrum offer reliable chlorophyll
estimates for clear to moderately turbid waters but show limitations in highly turbid
environments (Tran et al., 2023). Considering the presence of highly turbid waters in our study
area, associated with the Amazon River plume, we applied the methodology developed by Tran et
al. (2023) to exclude information from highly turbid locations. Specifically, if a given location
(longitude, latitude) was classified as turbid waters (optical water types 4 and/or 5) in more than



20% of the time series, all data from that location were excluded from the analysis. This
approach helped avoid bias in the time series by removing pixels that were permanently or
episodically associated with turbid environments. Overall, the excluded pixels are mainly
confined to areas shallower than 100 m, where there is no evidence the ISWs discussed in this
manuscript.

L149 — I don’t understand exactly what S and N are. Are they the concentration of CHL
corresponding to the center of the spring/neap time or something else?

Response: S and N represent the CHL concentrations at the maximum and minimum tidal range
elevation, respectively, spring and neap tides. To clarify this in the manuscript, we have revised
the phrase as follows:

lines 148-149: Let S and N denote the CHL concentrations at the maximum and minimum tidal

range elevation, respectively, spring and neap tides during the time series period (please, see

Figure 2).

L155 — What do you mean by “composite maps”? I don’t see any spatial term in Equation
3. From the equation it looks to me like the lagged dependence of chl on tidal cycles. Is this
applied to different points in space? I am probably missing something here; please explain
this in more detail.

Reading on, I can see the figures of this metric. I still think more explanation here would be
helpful.

Response: The composite maps correspond to the weighted spring-minus-neap CHL difference
calculated for each pixel p. In practice, this means that the metric is computed independently at
every pixel location, thus producing a spatially distributed (map-like) representation.

In addition to the composite map centered on the spring and neap tide events, we also computed
alternative composites by introducing temporal lags. Specifically, we considered delayed
versions of spring and neap tides, defined as S={Sl+delay, S2+delay,...,.Sn+delay} and
N={Nl-+delay, N2+delay,...,Nn+delay}, whith delay={0,1,2,3,4,5} days.

To improve clarity, we have rewritten Section 2.4 Spring—neap tidal cycle composite to explicitly
describe both the spatial nature of the composite maps (pixel-wise calculation) and the use of
lagged versions of the spring—neap cycle:

lines 148-163: Let S and N denote the CHL concentrations at the centers of the spring and neap
tidal cycles, respectively, during the time series period (please, see Figure 2). The composite

maps, i.e., the weighted spring-minus-neap CHL difference for pixel p, o (S,N)

over all cycles, can be calculated as follows:

, averaged
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Spits,i+ (N tni+3) is the CHL value at pixel p on day tsi+J (tN,i + j), where 15, (tN,i)
is the nominal day of the i-th spring (neap) tide event, i.e., j=0, and je {-1,0,+1} days from
CHL gw) represents the mean chl concentration used to normalize each
o . . . . . oHL™ .
spring-minus-neap CHL difference in the series. Specifically, for each index i, i s
computed as the average of all chlorophyll-a values included in the calculation of the weighted

difference, considering both the spring and neap tide observations within the local 3-pixel
window. This normalization allows each difference to be expressed relative to the local chl

spring tides.

magnitude, ensuring comparability across the time series. In addition to the composite map
centered on the spring and neap tide events, we also computed alternative composites by
introducing temporal lags. This approach accounts for the phase lag between the maximum tidal
potential and the maximum tidal elevation (the so-called age of the tide), when mixing intensity
typically peaks. Specifically, we considered delayed versions of spring and neap tides, defined as
S={S1+delay, S2+delay,...,.Sn+delay} and N={Nl+delay, N2+delay,...,Nn+delay}, where
delay={0,1,2,3,4,5} days.

L163 — I do not think these stratification assumptions are valid in the region of study.
Because of the Amazon plume, I suspect that the profile of N is highly variable and not
gradual nor continuously varying (you seem to also mention this at L173). Are there any
references that show how much N varies? I think some measure of uncertainty should be
included and quantified.

Response: We appreciate the reviewer’s observation. Indeed, the stratification (N) may vary
along the internal tide pathways. However, since the wave-like pattern occurs within
approximately 400 km from the IT generation sites—i.e., in a region located south of the main
extent of the Amazon plume—this variability is more likely related to the regional current
regime and mesoscale instabilities, such as eddies associated with the NECC, than to the plume’s
influence. Nevertheless, acknowledging that N may not vary gradually along the propagation



pathways, we decided to remove the ray tracing experiments from the revised version of the
manuscript. This modification is reflected in the Results section as follows:

lines 340-349: The wave-like pattern could potentially arise from two different mechanisms,
although these remain hypothetical: (1) Tidal aliasing combined with the modulation of the DCM
induced by the passage of interfacial ITs. Interfacial IT waves can lift the DCM above the light
penetration depth, making it detectable by remote sensing instruments (da Silva et al., 2002;
Muacho et al., 2014, Kim et al., 2018, M’Hamdi et al., 2025). As for tidal aliasing, this would
imply that MODIS-Aqua repeatedly observes IT crests in nearly the same location, given that
both IT generation and the satellite orbit are synchronized with the M2 tidal constituent.
However, this explanation remains speculative and requires further investigation, especially
considering that two semidiurnal tidal cycles are merged and averaged in the one-day
GlobColour product. (2) Internal tide beams, which could potentially reduce subsurface light
limitation for primary production and enhance nutrient fluxes that further stimulate biological
activity (Althaus et al., 2003; Jacobsen et al., 2023; Kouogang et al., 2024). Additional research
is needed to better understand the origin of the observed wave-like pattern.

Fig 2 — I would recommend to include in the caption or figure what “difference”
specifically refers to.

Response: We have specified in the figure caption what the term “difference” refers to. The
revised version is provided below.

[...] (¢) CHL relative difference (%) between the CHL on the day of ISW occurrence and the
15-day mean CHL centered on that day (see Equation 1) from GlobColour product [...].

Fig 2 a/b (and other figures) — I would suggest to change the color scale. Rainbow color
scales are not perceptually uniform, and thus the magnitude of features such as fronts may
be enhanced/biased by the scale. I would recommend to use “cmocean” or a similar
perceptually uniform scale.

Response: As suggested by the reviewer, we modified the color scale of Figures 2(a) and 2(b) to
the cmocean scale. The updated figures are shown below.
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Figure 3. Illustrative case I showing the influence of ITs on CHL concentration on September 28, 2007. CHL concentration data is shown
from (a) MODIS-Aqua and (b) Globcolour product. (c) CHL relative difference (%) between the CHL on the day of ISW occurrence and
the 15-day mean CHL centered on that day (see, Equation 1) from GlobColour product. (d) ISW signatures observed in the MODIS-Terra
image. The red dashed line and magenta dots indicate the IT pathway and generation points, respectively, based on Assene et al. (2024).

Black dashed lines mark the ISW signatures visible in the MODIS-Terra image.
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Figure 4. Illustrative case II showing the influence of ITs on CHL concentration on October 12, 2018. CHL concentration data i1s shown
from (a) MODIS-Aqua and (b) Globcolour product. (¢) CHL relative difference (%) between the CHL on the day of ISW occurrence and
the 15-day mean CHL centered on that day (see. Equation 1) from GlobColour product. (d) ISW signatures observed in the MODIS-Terra
image. The red dashed line and magenta dots indicate the IT pathway and generation points, respectively, based on Assene et al. (2024).

Black dashed lines mark the ISW signatures visible in the MODIS-Terra image.

L213 — For clarity, the point here is that the mode 2 filtered signal is strongly correlated
with the chlorophyll difference, correct? It might be helpful to quantify this correlation in
some way.

Response: Following the reviewer’s suggestion, a few comments below, we quantified the
correlation by calculating the coherence between the signal filtered to mode-1 and mode-2 IT
wavelengths and the chlorophyll difference.

L215/Fig S — There needs to be a physical explanation of what the result of the wavelet
analysis is showing. It is just the spectral energy at a period of 15 days so an indicator of
regions where spring/neap tides are strongest, correct? Or maybe I am missing a bit of it?

Response: The spectral energy at a period of ~14.7 days (the fortnightly signal) indicates
variability in the time series associated with fortnightly oscillations. To clarify this point, we
have added further explanation in Section 2.3 (Wavelet analysis):



lines 127-130: In regions where M2 and S2 tidal constituents dominate, their nonlinear
interaction generates the MSf (Lunisolar Synodic Fortnightly) oscillation, with a period of
approximately 14.7 days. The MSf corresponds to the neap—spring tidal cycle, a phenomenon of
great importance in tidal dynamics and a major physical factor influencing coastal and marine
environments. Wavelet analysis was therefore applied to identify and quantify this fortnightly
variability in the CHL and SST time series.

L252 — It would be helpful to quantify the coherence of the signals for each of the
pathways. I agree with the findings visually, but having a quantitative comparison would
make your argument stronger.

Response: We thank the reviewer for the suggestion. To provide a quantitative assessment of the
contribution of each internal tide mode, we computed the mean spectral coherence between the
original CHL signal along each transect and the band-pass filtered components corresponding to
mode-1 (100-150 km) and mode-2 (50-100 km) wavelengths (Rabiner and Gold, 1975; Kay,
1988; Welch, 1967). This allows us to quantify the relative contribution of each mode to the
observed CHL variability for each pathway. The results are now included in Table 2 (for
GlobColour and MODIS-Aqua datasets, respectively), showing the coherence values. We also
included this results in the Results and Discussion Sections, as follows.

lines 207-211: For each transect, the mean spectral coherence (Rabiner and Gold, 1975; Kay,
1988; Welch, 1967) between the original CHL relative difference signal and the band-pass filter
components (mode-1 and mode-2) was computed to quantify the relative contribution of each
internal tide mode. For illustrative case I, the mean spectral coherence values for mode-1 and
mode-2 are 0.11 and 0.23, respectively, for case II, they are 0.17 and (.26, respectively.

lines 249-251: The mean spectral coherence between spring-neap tidal cycle signal and the
band-pass filter component is higher for mode-2 than mode-1, considering all delays (see Table

2).

lines 276-277: In both pathways A and C, the signal filtered for mode-2 IT wavelength is more
coherent than the signal filtered for mode-1 (see Table 2).

We also added this information in the “Discussion” and “Summary and conclusions” sections:

lines 359-361: The mean spectral coherence between spring-neap tidal cycle signal and the
band-pass filter component is higher for mode-2 than mode-1, considering both GlobColour and
MODIS-Aqua data.

lines 406-407: Wave patterns in CHL spring-neap tidal cycle composites from GlobColour and
MODIS-Aqua suggest contributions from mode-1 and mode-2 ITs, with mode-2 components
having higher spectral coherence with the original signal.



Table 2. Mean spectral coherence for modes 1 and 2 along IT pathways (A, B, C}) for GlobColour and MODIS-Aqua dataset at different

delays.

| Coherence mode-1 ‘ Coherence mode-2 |

‘ Delay | IT pathway

GlobColour | MODIS-Aqua | GlobColour | MODIS-Aqua
A 0.29 0.28 0.83 0.65
0 _
‘ | B | 0.01 | 0.39 ‘ 0.72 | 0.82 |
C 034 032 0.63 0.72
A 050 051 0.82 0.80)
1
‘ | B | 0.03 | 013 ‘ 0.71 | 0.80) |
C 0.46 0.18 0.59 0.74
A 0.58 034 0.82 0.80)
.
‘ - | B | 0.06 | 0.18 ‘ 0.52 | 0.66 |
C 052 0.24 0.60 0.69
A 0.49 040 0.81 0.78
3
‘ ; | B | 0.05 | 0.09 ‘ 0.57 | 0.38 |
C 0.54 0.39 0.59 0.75
A 0.37 0.33 0.7% 0.61
4
‘ | B | 0.05 | 0.19 ‘ 0.68 | 0.43 |
C 0.49 0.17 0.71 0.66
A 034 056 0.73 041
5
‘ | B | 0.07 | 0.3l ‘ 0.74 | 0.60) |
‘ | C | 0.38 | 0.17 ‘ 0.75 | 0.63 |

Fig 7 — This figure only shows lags up to 3 days. I would include days 4 and 5; otherwise it
is unclear that there is not an even stronger signal with more time lag.

Response: As suggested by the reviewer, we have extended Figures 8 and 10 to include lags up
to 5 days. Please, see the Figures below.
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Figure 8. Profiles along the A, B, and C pathways (columns) of thespring-neap tidal cvele CHL composite using Globeolouwr, considering
delays of (-5 days. black and dashed red and blue lines represent. respectively, the original signal and the signal filtered for mode-1 (100-150
km) and mode-2 (50-100 km) wavelengths.



Pathway A Pathway B Pathway C
Lavtfuds Latituds Latkuce
Tl ! a1 o2 13 51 & 5

1T Lp LY 24 ak L3 @n 7oR4 41 4a

S| T ] b
g e b1

= IT armawion poirt

ns

T T R T~ I T T & 100 200 MW M0 WO &M 100 0 18 0 S a0 BED R T00
a LD LT x4 134 45 53 5@ 3 ; 3 a2 ¥ 3]

{m}

i
|
| Dukay 4
|
L)

10 20 30 400 MM MO MW B WA 0 WA B0 BN 56 TO0 0 LED 0 M0 4 B0 &3 T
Dastsmry [kml i tanace (ko [R[ETTT L3

Figure 10. Profiles along the A, B, and C pathways (columns) of the spring-neap tidal cycle CHL composite using MODIS-Agqua, considering
delays of 0-5 days. black and dashed red and blue lines represent, respectively, the original signal and the signal filtered for mode-1 (100-150
km) and mode-2 (50-100 km) wavelengths.

L321 — I’m still not quite convinced that aliasing does not significantly impact these results;
I suspect there will be regional differences from the North Sea to the area of study. Are
there other references that have looked at this in similar conditions (and found that the bias
was between flood/ebb and not high/low)? In any case, I think more explanation beyond
citing a single study would be helpful.

Response: We acknowledge the reviewer’s concern regarding potential tidal aliasing effects
related to low-high tide. It is worth noting that satellite overpasses occur at approximately the



same local time each day, which minimizes potential impacts on chlorophyll related to
light-dependent processes. In addition, in offshore regions, the influence of barotropic tides is
considerably weaker than in coastal areas, reducing the likelihood of strong high-low tidal
aliasing effects. Some studies have suggested that physical resuspension of particles and
phytoplankton during periods of strong currents between high and low tides (~6 h tidal
periodicity) can modulate chlorophyll concentrations (Yin and Harrison, 2000; Blauw et al.,
2012; Blauw et al., 2018). Nevertheless, to the best of our knowledge, no study has specifically
investigated chlorophyll variations between high and low tides in our study region. We have
incorporated this discussion into the manuscript as follows:

lines 327-329: Nevertheless, to the best of our knowledge, we could not find any study that has
specifically addressed chlorophyll variations between high and low tides in our study area.

As an additional robustness is that we compared spring—neap tidal cycle composites from
GlobColour (an ensemble product derived from multiple sensors and therefore less prone to tidal
aliasing) with those from MODIS-Aqua. Both products show very similar patterns, which
strengthens our confidence that high-low tidal aliasing does not significantly bias our results.

L350 — These factors would be expected vary seasonally. I would recommend to discuss in a
bit more detail what conditions were present in the two showcase times. Regarding eddies
and currents this could be verified with SSH.

Response: Thank you for your valuable suggestion. We agree that seasonal variability may
influence the observed processes. To address this, we included a more detailed description of the
oceanic conditions during the two showcase periods, based on sea surface height anomalies
(SLA) and derived geostrophic currents from the Copernicus Marine Service data. These
analyses confirm that distinct mesoscale circulation patterns were present in each case, consistent
with the seasonal dynamics of the region. However, in both illustrative cases, the ISW location
remains outside and to the south of the region directly influenced by the mesoscale processes.
This discussion has been added to subsection 3.1, IT Illustrative Case Analysis (see below).

lines 172-174: Furthermore, an examination of the background circulation and sea level
anomaly (see Figure Al) for the days corresponding to the illustrative cases reveals that eddy
activity is more intense during illustrative case 1. However, in both periods, the ISW location
remains outside and to the south of the region directly influenced by the mesoscale processes.
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Figure Al. SLA (color shading) and surface geostrophic currents (arrows) for the two illustrative periods: (a) case I and (b) case IL

L.355-358 — The figures showed greater coherence with the mode 2 tides. Would that
suggest those are more responsible?

Resposta: We thank the reviewer for this comment. The higher coherence observed between
CHL variability and mode-2 internal tides does not necessarily imply that mode-2 tides are the
main drivers of the observed CHL variations. But it likely indicates that CHL is more sensitive to
the physical processes typically associated with higher internal tide modes. Higher modes are
more closely linked to enhanced vertical shear and mixing, which can promote nutrient
entrainment into the euphotic layer and, consequently, variations in chlorophyll concentration.
As discussed in previous studies, the redistribution of low-mode energy flux to higher modes
through interactions with the background circulation provides an important mechanism for
driving mixing away from internal tide generation sites. Scattering to higher modes allows for
greater vertical propagation and energy dissipation, contributing significantly to deep-ocean
mixing (e.g., Kerry et al., 2014). Therefore, the stronger coherence with mode-2 internal tides
likely reflects the influence of the enhanced vertical mixing and instability commonly associated
with higher-mode processes. However, further investigation would be required to confirm
whether this mechanism is indeed dominant in our study region, as the relative contribution of
each mode may vary spatially and seasonally depending on local stratification and bathymetric
features.

All this information was added in the Discussion section as follow:

lines 359-366: The mean spectral coherence between spring-neap tidal cycle signal and the
band-pass filter component is higher for mode-2 than mode-1, considering both GlobColour and
MODIS-Aqua data. It can indicate that CHL is more sensitive to the physical processes typically
associated with higher internal-tide modes. As discussed in previous studies, the redistribution
of low-mode energy flux to higher modes through interactions with the background circulation
provides an important mechanism for driving mixing away from internal-tide generation sites,
scattering to higher modes allows for greater vertical propagation and energy dissipation (Kerry



et al., 2014; Dunphy & Lamb, 2014; Savva et al., 2018, Tuerena et al., 2019; Lahaye et al.,
2020; Li et al., 2023).

L384 (and in other places) — This study does not directly show that there is mixing due to
tides. It is inferred based on surface measurements. This should be explicitly clear
somewhere.

Response: We agree with the reviewer that it is important to state explicitly that our study is
based on surface measurements and does not directly measure mixing induced by tides. To
clarify this point, first of all we have excluded this (and all the discussion) from the Summary
and conclusions section. We have revised the text (in Discussion section) as follows:

lines 289-291: The findings indicate that the highest fortnightly mean Morlet wavelet power of
CHL occurs on the shallow shelf, where barotropic tides dissipate through bottom friction (see
Figure 6-(c)). Based on the surface measurements, we infer that this dissipation induces mixing.

In line with this point, we have also revised the text in other sections.
L389 — “less turbid”

Response: As suggested by the reviewer, the term ‘lower turbid’ has been replaced with ‘less
turbid’.

L395 — Might be helpful to refer to these pathways by longitude here as well

Response: We appreciate the reviewer’s suggestion. However, adding a third axis to the figures
would make them visually cluttered and reduce their readability. We chose to present the
pathways in terms of latitude because the variability along latitude is much greater than along
longitude, which allows the features of interest—particularly the positive spring—neap tide
anomalies—to be more clearly identified.

L425 — Run-on sentence. Please reword.
Response: As suggested, we have reworded the sentence as follows:

lines 410-412: ITs might be responsible for an increase in productivity offshore of the Amazon
River, as in other areas of the global ocean. However, these effects still need to be better
quantified, and the associated processes understood to predict their potential changes due to
climate change.

L428 — Do not directly state what your future work is. I think a reworded version of the
previous sentence could be used to motivate it without saying it directly.

Response: Following the reviewer's suggestion, we reworded the sentence as follows:



lines 412-414: In the future, a coupled physical-biogeochemical model could be employed to
quantify the productivity associated with ITs off the Amazon shelf, helping to disentangle the
various processes that may explain the CHL signal and to estimate nutrient fluxes.

We thank the reviewer again for the valuable comments, which have significantly contributed to
improving the clarity and accuracy of our manuscript.
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