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Reply to referee #2 for the manuscript “Fine-scale vertical structure of sound 

scattering layers over an east border upwelling system and its relationship to 

pelagic habitat characteristics” by Diogoul et al. 

 

We are very grateful for the referee for his precious time and invaluable comments on the 

manuscript. The comments are encouraging and are useful for improving our manuscript. We 

have carefully provide the answers to all comments and the corresponding changes and 

refinements are reported below.  

Our reply to the referee comments are written in blue. 

While I believe the information presented is valuable and worth sharing, the manuscript has a 

number of serious issues which need to be addressed before publication. Some major points are as 

follows: 

1. The authors do not identify the constituent animals of the SSLs. I realize this is often difficult 

or impossible when acoustic data are collected opportunistically, and that raw backscatter 

contains valuable information even when it cannot be attributed to specific animals or converted 

to biomass. However, it is extremely difficult to interpret these results without knowing at least 

broadly what kinds of animals are present. The authors need to provide more information on the 

likely sources of backscatter, even if it is only based on previous studies in this area. 

Answer : This is absolutely true, we do not present information on species composition, thus our 

study focus on ecosystem organisation (e.g., important for ecosystem modellers who usually and 

unfortunately do not consider species level communities) aiming to describe the spatio-temporal 

variation of SSLs. We agree that the lack of taxonomic information about the species composition 

of SSLs was a limitation. Taking into account these remarks, and as you requested, we provided 

more information on the specific compositions based on the literature in the area. The changes on 

the document are reported below:  

“The Petite Côte in the Senegalese coastal shelf is a nursery area for fish and is the main area in 

which juveniles of numerous species particularly small pelagic species concentrate (Diankha et al., 

2018; Thiaw et al., 2017). This area is also known to be rich in zooplankton and micronekton. 

Many zooplankton groups are encountered over the Senegalese coastal shelf: : copepods, 

amphipods, annelids, appendicularians, chaetognaths, cirrhipeds, cladocerans, Decapoda, 

echinoderms, euphausiids, gasteropods, jellyfish, Mysidascea, ostracods, pelagic foraminifera, 

Protozoa, pteropods, Spumellaria.. Copepod is the most dominant group with a total abundance 

ranging from 50 to 90% (Anonymous, 2013; Ndour et al., 2018; Touré, 1971). Previous study 

(Tiedemann and Brehmer, 2017) on ichthyoplankton showed that Sparidae (~50%) was 

predominant followed by fewer Engraulidae (~8%) and Soleidae (~7%) while smaller proportions 

of Clupeidae and Carangidae (~4% each) as well as Myctophidae and Sciaenidae (~2% each).” 

2. Some of the methods and results need to be described in more detail. In particular, the acoustic 

analysis and methods used to extract and measure the scattering layers are not sufficient. The 

statistical models are also not described in enough detail. 

Answer : More details on the methodology of scatering layers extraction and statistical model are 

given below and added in the revised MS.  
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In our study, the SSLs extraction was based on the use of a -75 dB threshold, which were indicated 

in the algorithm “contourf.m” of Matlab (see Matlab code at 

https://ch.mathworks.com/help/matlab/ref/contourf.html). This allowed to contour (by calculation 

of iso-lines according to the selected Sv threshold) the attached echo groups that formed the SSLs. 

The echoes within each SSL were extracted, and the associated descriptors were calculated from 

Matecho (open code already available on web see MS section 6 “software and code availability).  

The code “Layer” allows to recover echointegrated echogram and SSL descriptors calculated from 

Matecho, showed below and added on Appendix A in the revised version. The code 

“ComparEchoProfil” (Appendix B) allow to calculate mean Sv and sA profiles associated to each 

CTD profiles and to compare them (see below equations 1 to 3) and to extract CTD station meta 

information (see code below for details). 

We clarify inside the revised text of the MS: 

“After extracting SSLs with Matecho, we developed aMatlab extension of Matecho named “Layer” 

(Appendix A) to recover SSL thickness, minimum and maximum SSL depths (Dmin. and Dmax., 

respectively) and echointergrated echogram from Matecho output files and to provide it to another 

Matlab program “ComparEchoProfil” (Appendix B). ComparEchoProfil allows to fit in time and 

depth echointegrated echograms to the associated CTD vertical profiles. We simply used the 

equation (1 to 3) to calculate SSL thickness: 

Thickness = Dmax. - Dmin.          (1) 

 

and mean sA and Sv profiles based on the average of three ESUs: the ESU nearest to the CTD 

position (ESUctd) and previous and following in correspondence with CTD depths (dn) :  
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3. Some of the conclusions are not supported by the data presented. For instance, the authors refer 

to turbulence and advective transport, which were not measured. The lack of information on the 

sound-scattering species also makes parts of the discussion quitevague, reading more like abroad 

literature review rather than a specific discussion of the physical/biological processes likely to be 

at play in this particular instance. One finding which needs better explanation is the apparent 

reverse diel migration (up during day, down at night). One possibility which needs to be 

considered is cross-shore diel migration (see comment and suggested reference below). 

Answer : Indeed, this is true, nevertheless turbulence and advective transport are related to 

upwelling which is supported by our data. We consider in the discussion that these both processes 

(turbulence and advective transport) are more structuring than are the other basic studied 

parameters because responsible of the formation and/or dispersion of SSLs. For theses reason, we 

thought it was important to discuss them in this paper. But we recommend in future investigations 

https://ch.mathworks.com/help/matlab/ref/contourf.html
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to take speciafically into account these both parameters and partoculalry turbulence which is 

already plane in a sea survey which will be led in 2020 or 2021. 

We agree that lack of taxonomic information on the SSLs species composition was a limitation, 

that why we have tried to fill this gap with the literature review. As suggested, we made a focus on 

the reverse possible diel vertical migration found in the study area. These part have been improved 

in the document as detailed reported below: 

 Introduction 

“ Zooplankton and micronecton are also known to undergo diel horizontal migration (DHM), 

moving them to within 1 km of the shoreline each night into waters shallower (Benoit-Bird et al., 

2001). These DHM, like the DVM, that they often accompany, help organisms find food and avoid 

predators (White, 1998). ” 

 Discussion 

“ Diel variation was also observed for SSL acoustic density which showed opposite patterns in the 

two areas, i.e., higher up in the water column during night than day in the inshore area and higher 

up during days than at night in the offshore area. A possible explanation of this observed diel 

variation is the horizontal migration. DHM are known as nocturnal horizontal migration of both 

plankton and consumers into shallow and inshore waters (Benoit-Bird et al., 2001; Benoit-Bird and 

Au, 2006). DHM have been observed in marine copepods (Suh and Yu, 1996) which represent the 

main zooplankton group in the study area (Ndour et al., 2018; Rodrigues et al., 2017). It is 

hypothesized that these inshore–offshore migrations are a strategy for avoiding visual predators 

(White, 1998), and result in increased access to food resources relative to simple vertical migration 

(Benoit-Bird et al., 2008).”  

 Conclusion 

“ SSL acoustic density variation suggested different diel migrations : a normal and reverse DVM, 

and/or a DHM.”   

  

4. Several of the figures need revision (see specific comments at end). 

Answer : The outlined figures are revised (see minor comments answers) 

Minor comments, questions, and line edits follow below.  

47: “entire mid-trophic level” Not necessarily. There can be a large “jelly web” that is not visible 

to echosounders, depending on their frequency. See e.g. Choy et al. (2017), 

https://doi.org/10.1098/rspb.2017.2116 72-89: This is a good overview of the literature, but I 

think the term “SSL” is used a little too broadly here. The authors should make it clearer that 

“SSL” is not a biological classification, and that animals making up SSLs can be all kinds of 

different things, with correspondingly different biological, physiological, and ecological needs.  

Answer : We modified this part by giving a new definition including large “jelly web” and adding 

Choy et al. (2017). We aggree that SSL is not a biological classification but include a wide variety 

of organisms. We defined it as a layer where a large number of pelagic organisms reflect the 

hydroacoustic signals, we define the SSL in the introduction as the sound reflected by zooplankton 

and micronekton organisms. We revised the definition of the SSLs and add some changes as 

reported below:  

https://doi.org/10.1098/rspb.2017.2116
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“The SSLs represents a concentrated layer of marine organisms such as zooplankton aggregates 

and nekton that occur at specific depths (Benoit-Bird and Au, 2004; McManus et al., 2008) but 

also potentially jellyfish (Choy et al., 2017) which usually respond well at 38 kHz. Neverthless the 

“SSL” is not a biological classification, and that animals making up SSLs can be all kinds of 

different things, with correspondingly different biological, physiological, and ecological needs. 

The SSLs are dynamic, active, and have a particular behavior as a function of their community 

structure causing changes in their vertical distribution, size, and shape over time and space (Gómez-

Gutiérrez et al., 1999). Zooplanktonic and micronektonic components are fundamental to 

ecosystem functioning, particularly in productive upwelling areas (e.g., off the south coast of 

Senegal). ” 

90-91: Please clarify what is meant by “fine-scale” (m, 10s of m, etc.) 

Answer : Fine scale mean here 0.1 nmi * 1m depth. We clarify it in the document : 

“In this study, we use acoustic tools (Simmonds and MacLennan, 2005) to examine the fine-scale 

(0.1 nmi * 1m depth) vertical structure of SSLs (i.e., their depth in the water column, thickness, 

and density)”. 

106: The term “radial” in this context is not standardâ˘ AˇTplease replace with “transect” or 

“transect line”. 

Answer : To standardize throughout the document we replaced radial by transect in all the 

document, tables and figures. 

111: What parasite?  

Answer : Here we refer to noise parasite in echogram. It’s defined as unwanted contributions to 

the signal from mechanical, electrical, or biological sources (Simmonds and MacLennan, 2005).  

We clarify it in the document : “Considering aft draught of the vessel, the acoustic near field and 

the presence of acoustics parasites (including air bubbles) in the upper part of the water column, 

we have applied an offset of 10 m.”  

112: “Offset” implies the data were shifted 10 m in space. I believe you mean that you discarded 

data from the upper 10 m?  

Answer : You are right, we mean that data upper than 10 m were discarded. In underwater acoustic, 

the term “offset”, particularly the “surface offset” is a fixed depth derived from the location of the 

transducer below the water surface adding a zone for the transducer’s near field. We have clarified 

it in the document : 

“Considering aft draught of the vessel, the acoustic near field and the presence of acoustics 

parasites (including air bubbles) in the upper part of the water column, we have applied an offset 

of 10 m (acoustic data above 10m have been deleted).”  

121: Replace “extracted” with “removed.”  

Answer : Absolutely right. Since we refer to SSLs extraction, we have rephrased it in the document 

as below : 

“After each echogram correction, we extracted the SSLs that were above the mean acoustic volume 

backscattering strength (Sv in dB) threshold of -75 dB (i.e., values below -75 dB were excluded 

from the analysis).” 
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122: A threshold of -70 dB at 38 kHz, as you say, is typical for fish surveys, but studies of 

smaller animals often use a threshold lower than -75 dB, which will eliminate backscatter from 

most zooplankton at this frequency. I’d like a little more explanation of how you selected this 

threshold. 

Answer : To choose the appropriate threshold value, we have varied the extraction thresholds 

between -80 and -65 dB and made visual inspections of echograms. We found that the -75 dB 

threshold appeared relevant to extract the SSLs (Figure revision 1). In addition, we have analyzed 

the sA variation according to the extraction thresholds, and noticed that below -75 dB the sA 

variation was weak (see below, a point of inflection is visible at -75dB);  

 

Figure revision 1: [only for referee]; representation of an ECOAO sea survey echogram (from 06th -07th) at 

three frequencies. Each frequency (here 38, 70 and 120 kHz) was scaled from 0-255 values and assigned to 

a colour RGB value based on its frequency. This method allow to clearly observe that the signal is mainly 
associated to 38 kHz and allow to confirm the same SSL shape than combined frequencies. 
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Figure revison 2 [only for referee]: Variations in mean Nautical Area Scattering Coefficient (NASC or sA) 

of sound scattering layers (SSLs) according to the volume backscattering strength (Sv) threshold for ECOAO 

acoustic sea survey data collected from 6–8 March 2013. 

Also, it appears from Figure 2 that the acoustic data were binned at coarser resolution than the 

raw data from the EK60. Is this the case? If so, what are the dimensions of the integrated cells? 

Answer : yes, the echos were integrated in cells of 0.1 nmi * 1m depth. 

128: Replace “security” with “safety”  

Answer : Thank you. It's done in the document as reported here : 

“The inshore area is known to be rich in fish larva and eggs (Tiedemann and Brehmer, 2017) 

however, low sample number was collected in the coastal inshore water due to safety reason, i.e., 

research vessel investigate area> 20 m bottom depth. ” 

141: This link is no longer functional. Are these data available somewhere else?  

Answer : we provide here the good reference with DOI (JPL OurOcean: GHRSST Level 4 G1SST 

Global Foundation Sea Surface Temperature Analysis, , doi:10.5067/ghg1s-4fp01, 2010), and have 

corrected the paper as reported here:  

“Global High Resolution Sea Surface Temperature (GHRSST) data were extracted from daily 

outputs by the Regional Ocean Modeling System group at NASA’s Jet Propulsion Laboratory (JPL 

OurOcean, 2010). ” 

147-150: Please include a reference or hyperlink to the Matlab code in the body of the paper. Is 

there a reason it needs to be password protected instead of, say, posted publicly on GitHub? Even 

though the code is shared, the algorithm you used for detecting SSLs and extracting their 

descriptors still needs to be described in more detail. This is a non-trivial problem and different 

approaches can yield different results.  

Answer : We have included these matlab codes in the paper (in Appendix A, B) as suggested. 

Again, “Matecho” is an Open-Source Tool, it is simply the means used by the acoustics team of 

IRD (institute of research for sustainable development) to share their tools on the web. More details 
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on the methodology of scatering layers detection and extraction are now given, see change in the 

MS below :   

To define the descriptors (Thickness, Depth, sA, Sv) of the SSLs, we used a threshold of -75dB, 

which were indicated in the algorithm “contourf.m” of Matlab (Matlab code can be found at 

https://ch.mathworks.com/help/matlab/ref/contourf.html ). This allowed contouring (by calculation 

of iso-lines according to the selected Sv threshold) the attached echo groups that formed the SSLs. 

The echoes within each SSL were extracted, and the associated descriptors were calculated from 

Matecho (code already available on world wide web see MS section 6 “software and code 

availability”).  

The pseudo code “Layer” ( Appendix A) allows to recover echointegrated echogram and SSL 

descriptors calculated from Matecho, showed below and added on Appendix A in the revised 

version. The pseudo code “ComparEchoProfil” ( Appendix B) allow to calculate mean Sv and sA 

profiles associated to each CTD profiles and to compare them (see below equations 1 to 3) and also 

to extract station meta information (see code below for details). 

We clarify inside the revised text of the MS as reported here: 

“After extracting SSLs with Matecho, we developed an ad hoc Matlab extension of Matecho named 

“Layer” to recover SSL thickness, minimum and maximum SSL depths (Dmin. and Dmax., 

respectively) and echointergrated echogram from Matecho output files and to provide it to another 

Matlab program “ComparEchoProfil”. ComparEchoProfil allows to fit in time and depth 

echointegrated echograms to the associated CTD vertical profiles. We used the equation below to 

calculate thickness: 

 

Thickness = Dmax. - Dmin.          (1) 

 

and also mean sA and Sv profiles based on the average of three ESUs: the ESU nearest to the CTD 

position (ESU ctd) and previous and following in correspondence with CTD depths (dn) :  

  3,)(
1

1

AA 





ctd

ctd

ESUi

ESUi

nn disds

         (2) 

  














 





310log10)(
1

1

10/,

10

ctd

ctd

nv

ESUi

ESUi

diS

nv dS

       (3) 

 

163-167: Move this explanation up to come before the preceding paragraph. The goal of an 

analysis should be described before the software used to accomplish it.  

Answer : yes, it is now done in the revised version of the MS, we have moved up the paragraph 

and replaced the paragraph related to software used at the end of this part as structured below : 

“We applied HCA to discriminate between water masses of inshore and offshore stations over the 

continental shelf based on CTD data collected at 10 m depth. We used PCA (Chessel et al., 2013) 

on the same dataset to determine similarities between CTD stations relative to environmental 

https://ch.mathworks.com/help/matlab/ref/contourf.html
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parameters. Physico-chemical parameters were standardized a-priori because they were measured 

with different metrics. 

Longitudinal variability (i.e., inshore - offshore area) of morphometric (thickness, depth) and 

acoustic characteristics (sA) of the SSLs are investigated in the discriminated groups considering 

bottom depth and diel period. Diel transition periods are removed from analyses to avoid SSL 

density changes bias due to diel vertical migrations. Transition periods are defined using sun 

altitude, i.e., around sunset and sunrise corresponding to a sun altitude between ±18° (Lehodey et 

al., 2015). Morphometric and acoustic characteristics of the SSLs are also compared between the 

inshore area versus offshore area, and between day and night using student’s t-test whose 

application conditions have been verified (normal distribution and variance equality). 

Echogram vs. profile coupling figures resulting from the “ComparEchoProfil” were analyzed to 

determine the relation between environmental parameters and SSLs. An ANCOVA test (analysis 

of covariance) (Wilcox, 2017) was implemented for SSLs characteristics (thickness, depth, and 

density). This ANCOVA model were developed on averaged data over station. The selection of 

the best model was performed using stepwise procedures. Stepwise selection was based on 

minimizing the Akaike Information Criteria (AIC) (Akaike, 1974). The relative importance of each 

variable in total deviance explained was determined from the “relaimpo” R package (Tonidandel 

and LeBreton, 2011). Validity assumptions of the models was then assessed by checking for 

normality of distributed errors and homogeneity of residuals (Appendix B to C). For the ANCOVA, 

SSL density (sA) was log10 transformed for normality assumption. For all statistical tests, the 

significance threshold used was 0.05. 

We used R software (R Core Team, 2016) for statistical analyses and to map data. We used the R 

package ‘Cluster’ (Maechler et al., 2014) for Hierarchical Cluster Analyses (HCA) of CTD data, 

the R package ‘maps’ (Brownrigg, 2016) to map stations, the package ‘ade4’ (Chessel et al., 2013) 

to run a Principal Component Analysis (PCA), and the package ‘oce’ (Kelley, 2015) to display 

vertical section plots of physico-chemical parameters. ” 

168: Just say “Inshore-offshore variability.” / 169: Use past-tense verbs, i.e. “were” instead of 

“are”  

Answer : yes, it’s well noted and changed in the text : 

“ Inshore - offshore variability of morphometric (thickness, depth) and acoustic characteristics (sA) 

of the SSLs were investigated in the discriminated groups considering bottom depth and diel 

period.” 

177-180: Please describe the statistical modeling in more detail here. I found it hard to figure out 

exactly what was being modeled/predicted and how.  

Answer : we have taken into account this remark and have improved this section as reported here : 

“ Echogram vs. profile coupling figures resulting from the “ComparEchoProfil” were analyzed to 

determine the relation between environmental parameters and SSLs. ANCOVA tests (analysis of 

covariance) (Wilcox, 2017) were implemented for SSLs descriptors in each discriminated area 

(inshore and offshore). These models were set to predict each descriptors i.e., thickness, depth, and 

sA as function of temperature, density, DO, CHL, bottom depth and diel period. The ANCOVA 

models were developed on averaged data over CTD station.” 

209-210: “SST revealed and advection...” It is not clear to me how SST reveals advection here.  
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Answer : we mean by this sentence that SST characterized by a well marked frontal zone isolating 

two water masses (warm waters and cold waters) showed an advection of water masses from 

offshore to inshore area. We understand that could be confusiong thus we delete this sentence (209-

210). 

211: Please make sure all verbs in this paragraph are past-tense. Also, this section might read 

better if it was organized by zone, rather than by variable. 

Answer : the paragraph organizations done due to the great inshore – offshore variability that exists 

and mostly variability between the three transects (longitudinal north – south). This choice makes 

it possible to do at the same time a detailed comparison of inshore –offshore and north-south 

variability and thus would like to keep it. We have taken into account the remark related to the verb 

tenses and have make all verb in past tense as written in the revised text : 

“At transect T1, a marked frontal zone appeared isolating two water masses between the 20 – 40 

m isobaths (Fig. a1) which separated warm surface waters from deep cold upwelled water masses. 

At transect T2 and T3, the upwelling appeared as a cold-water tongue isolating a warm water band 

at the coast (Fig. a2, a3). At T3, this cold-water tongue was expanding toward the inshore area as 

well as to the offshore area (Fig. a3). Surface water masses of the inshore area were slightly denser 

than water masses in offshore area with approximately 26 kg m-3 and 25 kg m-3, respectively. For 

CHL, elevated concentrations were exclusively observed in the inshore area at radials R1 and R2. 

CHL was significantly higher in the inshore area than the offshore area with concentrations of 3.0 

– 5.0 mg m-3 in the inshore area to 0.3 – 2.0 mg m-3 in the offshore area (Fig. c). At T3, the elevated 

CHL concentrations were observed in both inshore and offshore area close to the upwelling front. 

CHL was higher in the upper part of the water column (0 – 20 m) decreasing with depth in both 

areas. Higher DO concentrations were observed towards both sides of the upwelling core. At T1, 

the upwelling front was at the most coastal part separating the inshore area from the less oxygenated 

offshore area with DO concentrations of 5.0 – 7.0 ml l-1 and 4.0 – 5.0 ml l-1, respectively. At R2 

and R3, the core moved towards the offshore, separating the inshore area (DO concentrations of 

4.0 – 5.0 ml l-1) slightly more oxygenated than the offshore area (DO concentrations of 2.0 – 4.0 

ml l-1). DO concentration decreased from the surface to bottom in both areas. ”  

216: I assume these are sigma-t values? Please clarify.  

Answer : It is sigma-theta [water density, kg/m-3].  

We have specified that in the manuscript as written below: 

“At each station, sensors measured water temperature (°C), depth (m), fluorescence (μg l-1), water 

density, here sigma-theta (kg m-3), and dissolved oxygen (DO, ml l-1).” 

233-234: I assume “depth” here refers to bottom depth? Some of the wording is a bit unclear, for 

instance “below 29 m depth.” Does this mean “at locations seaward of the 29 m isobath,” or “at 

locations where bottom depth was less than 29 m?” 

Answer : yes, her the depth refers to the botom depth. This mean that no SSL were observed at 

Radial R1, where bottom depth was below 29 m. We have corrected it in the revised paper :  

“Thickness and depth of the SSLs varied according to bottom depth in the inshore area and the 

offshore area. In the inshore area, on the northern transect T1, no SSLs were observed at coastal 

stations shallower than 29 m bottom depth (stations 1 and 2). In offshore stations, starting at 41 m 
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bottom depth, the SSLs were observed in all stations and radials, and their thickness and depth 

increased with bottom depth. ”  

238-240: These two sentences are confusing to me, please clarify. If the difference was not 

significant, why report it?  

Answer : Indeed, we have first analysed sA variation of SSLs according to bottom depth, and found 

it’s increase from inshore to offshore. We then tested if sA variation was significantly different 

between inshore and offshore area using Kruskal-Wallis test. The same test was used to compare 

SSLs thickness and depth between the inshore and offshore areas, and as expected, the results 

revealed theirs statistical difference between the inshore and offshore areas. However, as we have 

not reported the results for thickness and depth, we will remove this result in the paper as suggested 

by the referee. 

242-255: This section reads like a string of numbers. It should be revised to emphasize concise 

verbal descriptions of the result, with the effect sizes and p-values either incorporated into the 

descriptions or reported parenthetically to support the verbal descriptions.  

Answer : we took into account the remarks of the referee and rewrote this section focusing on the 

results. The changes are reported below: 

“The diel period had a significant effect on SSL thickness (p-value < 0.001), and SSL depth (p-

value < 0.001) which were found both higher during the night in the inshore and the offshore areas. 

In the inshore area, during daytime, the mean depth and thickness of SSL were 19 and 11 m 

respectively, while during night, the mean depth and thickness were 46 and 35 m respectively. In 

the offshore area, SSLs were found at a mean depth and thickness of 49 and 38 m, respectively 

during daytime, while during night-time SSLs, depth and thickness were 86 and 75 m, respectively.  

Mean sA of SSLs varied also between day and night but were not significantly different (p-value = 

0.890). In the inshore area, the mean sA was 24 m2 nmi-2 during the day and 44 m2 nmi-2 during the 

night. In the offshore area, the mean sA was 46 m2 nmi-2 during daytime, and 25 m2 nmi-2 during 

night-time. ”  

269: “the model” there were actually several models, correct? This section needs more detail–the 

descriptions here and the tables to not include all the information referred to (for instance, the 

actual response variable and effect sizes at whose variance is being explained ?)  

Answer : It is right, we have three models for each area. The detail of all statistical results will be 

added in Appendix as reported below: 

Appendix I : Result of ANCOVA models between thickness of sound scattering layers (SSLs) and 

environmental parameters (temperature, density, dissolved oxygen, chlorophyll-a, diel period and 

bottom depth) in the ishore  area (G1) and the offshore area (G2). [G1: Multiple R-squared: 0.869, 

Adjusted R-squared: 0.8515, p-value: 0.000]; and [G2: Multiple R-squared: 0.8557, Adjusted R-

squared: 0.7956, p-value: 0.000]. Significant p-value in bold.   

 

 Coefficient Estimate Std. Error t value p-value 

Group Inshore Offshore Inshore Offshore Inshore Offshore Inshore Offshore 

Intercept -11.865 56030 4.161 17610 -2.85 3.18 0.012 0.007 
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Bottom depth 0.916 0.21 0.148 0.06 6.15 3.41 0.000 0.005 

Diel period (Night) 11.492 27.35 3.735 8.69 3.07 3.14 0.007 0.008 

Temperature - -383.80 - 119.60 - -3.21 - 0.007 

Density - -1898 - 598.50 - -3.17 - 0.008 

Oxygen - -1.76 - 0.55 - -3.19 - 0.007 
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Appendix J : Result of ANCOVA models between depth of scattering layers (SLs) and 

environmental parameters in the inshore area (G1) and the offshore area (G2). [G1: Multiple R-

squared: 0.8056, Adjusted R-squared: 0.7797, p-value: 0.000]; and [G2: Multiple R-squared: 

0.8557, Adjusted R-squared: 0.7956, p-value: 0,000]. Significant p-value in bold.  

 

 Coefficient Estimate Std. Error t value p-value 

Group Inshore Offshore Inshore Offshore Inshore Offshore Inshore Offshore 

Intercept -4.223 56040 5.603 17610 -0.75 3.18 0.4627 0.007 

Bottom depth 0.954 0.21 0.200 0.060 4.76 3.41 0.000 0.005 

Diel period (Night) 12.864 27.35 5.030 8.690 2.55 -3.14 0.021 0.008 

Temperature - -383.80 - 119.60 - -3.21 - 0.007 

Density - -1898 - 598.50 - -3.17 - 0.008 

Oxygen - -1.76 - 0.550 - -3.19 - 0.007 
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Appendix K : Result of ANCOVA models between sound scattering layers (SSLs) density (log sA) 

and environmental parameters in the inshore area (G1) and the offshore area (G2). [G1: Multiple 

R-squared: 0.398, Adjusted R-squared: 0.3178, p-value: 0.022]; and [G2: Multiple R-squared:  

0.3448, Adjusted R-squared: -0.01258, p-value: 0.490]. Significant p-value in bold.  

 Coefficient Estimate Std. Error t value p-value 

Group Inshore Offshore Inshore Offshore Inshore Offshore Inshore Offshore 

Intercept -9.007 -489.2 5.784 405.7 -1.55 -1.20 0.140 0.253 

Bottom depth 0.028 -0.001 0.009 0.011 3.04 -0.96 0.008 0.357 

Temperature  0.578 3.207 0.350 2.78 1.65 1.15 0.119 0.273 

Diel period (Night) - -0.126 - 0.202 - -0.62 - 0.546 

Density - 1.673 - 13.78 - 1.21 - 0.250 

Oxygen - 0.016 - 0.010 - 1.48 - 0.166 

Chlorophyll a - 0.679 - 1.22 - 0.55 - 0.590 

 

290-331: This section contains a lot of background information which would probably fit better 

in the introduction. Overall, I think it could be tightened and shortened considerably.  

Answer :as suggested, we have shortened this part by moving some parts pointed by the referee in 

the introduction. Find the changes made in the following text (and in MS with revision tracks):  

Introduction: 

“Senegalese coasts are characterized by a seasonal upwelling (in winter and late spring), mainly 

drifted by wind variability, topography, and density stratification (Estrade et al., 2008). During the 

upwelling season, northerly trade winds induce a strong upwelling core south of Dakar (Ndoye et 

al., 2014; Roy, 1998). The upwelling core is located over the shelf, and SST is lowest on the coastal 

side of the shelf break, increasing in both offshore and coastal directions.” 

Discussion: 

“Analyzing the spatial structure of SST helped to understand the upwelling dynamics along the 

Petite Côte. The SST pattern, measured at the time of our survey, were in line with prior studies. 

Wind variability, topography, and density stratification are the main environmental drivers 

generating upwelling (Estrade et al., 2008). During the upwelling season (in winter and late spring), 

northerly trade winds induce a strong upwelling core south of Dakar (Ndoye et al., 2014; Roy, 

1998). The upwelling core is located over the shelf, and SST is lowest on the coastal side of the 

shelf break, increasing in both offshore and coastal directions. This displacement of the upwelling 

core towards the middle of the shelf strongly influences the spatial structure of the surface thermal 

field. A  a tongue of cold water over the shelf isolates a coastal band of warm water from the 

offshore area, and there is a surface divergence associated with the upwelling source over the shelf 

and convergence nearshore. As upwelling intensity increases, its core is moving towards the shelf 

edge and coastal warming is enhanced by the convergence occurring nearshore (Roy, 1998). The 

upwelling core is typically found 10 to > 20 km away from the coast generic for a wide and shallow 

continental shelf (Estrade et al., 2008). The spatial difference of CHL concentration between the 
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inshore area and the offshore area is the result of upwelled water carrying nutrients at the coast 

limited by water mass fronts. Nutrient-rich water, supplied to the sunlit surface layer by wind-

driven upwelling stimulates the growth of phytoplankton that ultimately fuel diverse and 

productive marine ecosystems (Jacox et al., 2018). There is a link between the accumulation of 

biological material and the location of the coastal band of warm water. This coastal band between 

coast and the upwelling core has been regarded to function as retention area in which nutrient 

particles are trapped (Demarcq and Faure, 2000; Roy, 1998). The nutrient utilization is optimized 

by retentive physical mechanisms in the coastal area, which enhances microbial remineralization 

of particulate organic matter and zooplankton excretion, and then regenerates production through 

ammonium consumption (Auger et al., 2016). This causes an increase in primary production and 

results in a surplus of phytoplankton biomass in inshore areas. Low DO concentrations observed 

in the upwelling core separating more oxygenated water masses have been reported in previous 

studies (Capet et al., 2016; Teisson, 1983) over the Petite Côte. Once a water mass becomes isolated 

from the atmosphere, its oxygen content starts to decrease due to biological remineralisation of 

dissolved organic matter (Emerson et al., 2008; Machu et al., 2019). These low-oxygen bottom 

waters are transported to the inner shelf during upwelling favourable wind events. Moreover, 

temporal stability of the upwelling core is also noticeable over periods of several days to weeks; 

and export from the shelf to the open ocean is retarded (Capet et al., 2016). Thus, in such favorable 

condition of continuous food supply, photosynthesis may foster an enrichment of DO in the 

inshore. This is in line with high CHL levels observed towards both side of upwelling core, 

particularly in the inshore area. ”   

 

305: “surface divergence” Was this measured, or just inferred?  

Answer : it was not measured, it refers to the obvious barrier between both water masses (visible 

on Fig.1) induced by upwelled water mass. To avoid any incomprehension, we have replaced 

divergence per separation in the MS as reported: 

“A tongue of cold water over the shelf isolated a coastal band of warm water from the offshore 

area, and there was a surface separation associated with the upwelling source over the shelf and 

convergence nearshore.” 

333-351: I think some of these explanations need more consideration (or more explanation). Again, 

“SSL” is not a biological descriptor, and depending on the animals which are scattering the sound 

they may react in many different ways to physical forcings. 

Answer : we agree “SSL” is not a biological classification, and include a wide variety of organism 

as stated above. Indeed, in this paragraph we describe SSLs spatial distribution using some 

descriptors (thickness, depth and sA). It is obvious that, theses descriptors are related to SSLs 

biological composition and physical process that occur in the study area. However, our goal 

consists of studying SSLs spatial orgnisation over the shelf. As we clarified it above, our aim was 

to study SSL using descriptors, we did not investigate the individual behavior of the organisms 

constituting the SSLs although it can allow us to interpret our results that will be the subject of 

futher works. Here would like to remain generic.  

338-339: What evidence is there that rapid advection causes low residence times? Are you sure 

the scattering animals are even planktonic?  
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Answer : We based this assertion on previous studies revealing that the study area is rich in 

zooplankton (mostly copepod). But you are right that is not obvious that rapid advection causes 

low residence times (see e.g. Tiedemman and Brehmer 2017 paper who are co-author of this work). 

We have moderated the sentence adding “probable” in the former version. We can clarify adding 

“we can assume that” at the begining of the revised sentence.  

343-344: Different animals can respond totally differently to different physical forcings. Urmy 

and Horne(2016) found that SSLs moved up and probably offshore during upwelling, but in the 

same ecosystem SSLs can actually intensify during upwelling as krill and anchovies swarm more 

closely (Benoit-Bird et al. 2019, https://doi.org/10.1029/2018GL081603)  

Answer : 

We thank the referee for the interesting references and the explanations provided. We agree that 

animals can respond totally differently to different physical forcings. Referring to these papers, and 

as described it in our manuscript, marine organisms aggregate into SSLs or are dispersed depending 

on the upwelling intensity. Indeed, when upwelling was strong, both krill and anchovies were found 

in small, discrete aggregations, while during relaxation and reversals, forage biomass was more 

diffusely distributed, as evidenced by both acoustic and video observations (Benoit‐Bird et al., 

2019). Urmy and Horne (2016) found that SSLs moved up and probably offshore during upwelling, 

and observed a decline in backscatter intensity in the upper water column immediately following 

an upwelling event. 

The new reference is added, and the changes in the paper are reported as written below : 

“ Otherwise, different animals can respond totally differently to different physical forcings. Many 

authors have stressed that SSLs need stable hydrological conditions to form (Aoki and Inagaki, 

1992; Baussant et al., 1992; Marchal et al., 1993). As example, in Monterey Bay (California), Urmy 

and Horne (2016) observed a decline in acoustic backscatter intensity in the upper part of the water 

column immediately following an upwelling event. In a more recent study, Benoit‐Bird et al (2019) 

found that when upwelling was strong, both krill and anchovies were found in small, discrete 

aggregations, while during upwelling relaxation and reversals, forage biomass was more diffusely 

distributed. Therefore, we assume that the increase of SSL thickness with depth from inshore to 

offshore off Senegal is caused by upwelled waters that disrupt the vertical stability of the water 

column.”  

 

351: Couldn’t the SSLs be thicker and deeper farther offshore because there is more room in the 

water column?  

Answer : Of course, the SSLs are first constrained by the bottom depth i.e. availability of room. 

It’s make sense that SSLs are deeper and thicker in the offshore area. Then to be clear we will 

precise in the text that :  

“Therefore, although the SSLs are first constrained by the bottom depth (i.e., room available), we 

assume that the increase of SSL thickness with depth from inshore to offshore off Senegal is caused 

by upwelled waters that disrupt the vertical stability of the water column ”.  

364-365: One explanation for this phenomenon might be diel horizontal migration. See for 

instance: Benoit-Bird, K. J., Au, W. W. L., Brainard, R. E., and Lammers, M. O. 2001. Diel 

https://doi.org/10.1029/2018GL081603
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horizontal migration of the Hawaiian mesopelagic boundary community observed acoustically. 

Marine Ecology Progress Series, 217: 1–14.  

Answer : we thank the referee for the possible explanations and for the references provided to 

explain the possible reverse diel variation observed for SSL acoustic density. We agree that diel 

horizontal migration (DHM) of marine organisms constituting the SSLs is a plausible 

explanationeven in on the shelf we can suspect less amplitude than for mesopelagic fish. Therefore, 

this aspect of DHM will be added to the revised paper in the introduction, the discussion and in the 

conclusion as reported below: 

 Introduction 

“ Zooplankton and micronecton are also known to undergo diel horizontal migration (DHM), 

moving them to within 1 km of the shoreline each night into waters shallower (Benoit-Bird et al., 

2001). These DHM, like the DVM, that they often accompany, help organisms find food and avoid 

predators (White, 1998). ” 

 Discussion 

“ Diel variation was also observed for SSL acoustic density which showed opposite patterns in the 

two areas, i.e., higher up in the water column during night than day in the inshore area and higher 

up during days than at night in the offshore area. A possible explanation of this observed diel 

variation is the horizontal migration. DHM are known as nocturnal horizontal migration of both 

plankton and consumers into shallow and inshore waters (Benoit-Bird et al., 2001; Benoit-Bird and 

Au, 2006). DHM have been observed in marine copepods (Suh and Yu, 1996) which represent the 

main zooplankton group in the study area (Ndour et al., 2018; Rodrigues et al., 2017). It is 

hypothesized that these inshore–offshore migrations are a strategy for avoiding visual predators 

(White, 1998), and result in increased access to food resources relative to simple vertical migration 

(Benoit-Bird et al., 2008).”  

 Conclusion 

“ SSL acoustic density variation suggested different diel migrations : a normal and reverse DVM, 

and/or a DHM.”   

378-379: Again, the term “SSL” is being used quite broadly here. Without some reference to the 

actual animals making up a particular SSL at even in broad taxonomic or trophic terms, it is hard 

to talk informatively about particular environmental influences.  

Answer : As already meantioned in previous answer, we agree “SSL” is not a biological 

classification, and include a wide variety of organism as stated above. Indeed, in this paragraph we 

describe SSLs spatial distribution using our descriptors (thickness, depth and sA). It is obvious that, 

theses descriptors are related to SSLs biological composition and physical process that occur in the 

strudy area. However, Our study is primarily descriptive because it consists of studying SSLs 

spatial orgnisation over the shelf. As we clarified it above, our aim was to study SSL using 

descriptors, we did not investigate the individual behavior of the organisms constituting the SSLs 

although it can allow us to interpret our results. 

In the revised MS, we add in our case study in line 378-379, even if it is hardly presumed that main 

part of the SSL is formed by copepod.  
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392: If DO is relatively high everywhere, does it require this much discussion?  

Answer : in fact, local conditions of hypoxia exist in some stations. this was noticed by the first 

referee, and we thank him. We have corrected it in the manuscript (line 390): 

“Previous studies (Bertrand et al., 2010; Bianchi et al., 2013; Netburn and Koslow, 2015) have 

suggested that vertical distributions of SSLs organisms are limited by mid-water DO concentrations 

which  constraint SSLs depth. These authors found a relationship between SSLs depths and 

hypoxia. However, in our study, we found correlation between SSLs (depth, thickness) and DO as 

expected, but vertical distribution of SSLs was not constrained by DO. Despite hypoxia local 

condition found in some stations (DO <1.42 ml l-1), SSLs appeared; Consequently, DO was not a 

limiting factor”. 

 

415: “primarily a function of temperature...” I would say light is at least as important as 

temperature, especially for migrating animals.  

Answer : it’s absolutely true, as it’s known as mentioned in the introduction that DVM are mainly 

influenced by environmental factor, mainly light, nutrient, and temperature and also by biological 

factors (feeding and predator-prey interactions). We just wanted to discuss the factors used in our 

study. However, to correct we will simply write that: 

“ DVM behaviors are influenced by environmental cues (e.g., light, nutrients, and temperature) and 

predator-prey interactions (Clark and Levy, 1988; Lampert, 1989). Relative changes in light 

intensity are identified as the most important proximate stimuli driving DVM, including the 

amplitude of the migration as well the timing of the up and downward movement (Meester, 2009). 

SSLs vertical distribution is known also to be a function of temperature (Bertrand et al., 2010; 

Hazen and Johnston, 2010; Netburn and Koslow, 2015). ” 

 

418-419: On the previous page, you said DO had only a limited influence on the SSLs’ positions?  

Answer : right, in previous page we have written : “In our study, DO appeared to have a limited 

influence on SSLs vertical position, no doubt due to high DO value in both area.” We mean in this 

previous sentence that SSLs vertical distribution was not constrained by DO. To avoid any 

confusion, we have changed this text by the following: 

“In our study, the results suggested that DO also influenced SSL depth and thickness. Despite local 

hypoxia noted in some stations, SSLs vertical distribution was not constrained by DO. ” 

 

445-446: The authors did not measure either turbulence or advection, so I don’t think this 

assertion in the concluding paragraph is supported. 

Answer : as mentioned above, although turbulence and adjective transport has not been measured, 

we refer to these parameters in this paper because they are directly related to upwelling and are 

responsible of the formation and/or dispersion of SSLs. We will consider this remark in the 

conclusion and mention upwelling rather than turbulence and advection which are now more 

moderated. The changes are reported below:  

“SSLs were influenced by the strong resurgence in the upwelling (triggering at physical level 

turbulence and advection), which lead to change in SSLs structures (thickness, depth and sA).” 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/luminous-intensity
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/luminous-intensity
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/amplitude
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General comment for all heatmap-style figures: please redo these with perceptually uniform 

colormaps (such as the “parula” colormap which is now the default in Matlab). As-is, these 

figures will not reproduce well in black and white, and will be difficult for color blind readers to 

interpret. Even in color, the un even luminance introduces artifacts which make interpretation 

more difficult.  

For instance, in Figure 1, temperatures of 19.5, 20.5, and 22.5 all have similar brightness values, 

and the red-to-green color ramp in the middle of the scale will be very difficult for red-green 

colorblind readers to interpret.  

Answer : we have changed the figure taking into account the remarks (see below) but in this new 

figure the contrast of the two zones is not highlighted. So, we suggest to keep the first figure and 

to add this new one in Appendix. 

 

Fig. 1: Location of the survey area off the southern Senegalese (West African) coast. The hydroacoustic 

survey was conducted with  FRV Antea (IRD) from Dakar (Cap Vert peninsula in the north) to the northern 

border of Gambia (horizontal black line). CTD-probes collected data at stations along three transecttransects 
perpendicular to the coast (R1 to R3). Sea surface temperature (SST, °C) were averaged over the three days 

of CTD sampling from the 6–8 March 2013. Stations of Group 1 (blue circles) occurred in the inshore zone, 

whereas stations of Group 2 (red triangles) were situated more offshore. 
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Figure 2: How were the acoustic sections in the top panels selected? The first one is more than 12 

hours long, while the second is only 3 hours. It would be helpful on both of these to show a 

distance scale, as well as periods of light and dark. Also, the red lines indicating the station 

locations are difficult to see, especially in part (a). 

Answer : the first panel has been selected over a distance of 1000 ESU (here 1 ESU = 0.1nmi), while the 

zoomed echogram is a portion over three ESUs: the ESU nearest to the CTD position (ESU ctd) and 

previous and following ESU in correspondence with CTD depth.  

Following the comments of referee #1 (“For ComparEchoProfil, one 0.1 nmi unit is used for calculation 

around the CTD cast position, but in the figures several units are shown (normally 5). Since these are not 

averaged in "ComparEchoProfil", so I would leave that out so that the reader is not confused by the 
variability.”), we have removed the zoomed echogram (see below) to avoid any confusion. See below the 

improved figure taking into acccount all referee’s remarks: 
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Fig. 2: Echograms and associated vertical acoustic profiles as well as physico-chemical parameters (CTD 

data) for two example stations: (a) station 19 in the “inshore area” and (b) station 12 in the “offshore area”. 

Top panels are echogram data, whereas the bottom panels depict acoustic and environmental data (depicted 

by the red vertical line in top panels). Environmental data for the sound scattering layer (SSL) collected at 
the stations at the time depicted by dotted vertical lines. Data represent mean conditions for the station 
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collected within an area of 0.1 nmi from either side of the CTD station: acoustic volume backscattering 

strength (Sv) SSL, temperature profile SSL, CHL profile SSL, oxygen profile SSL, and density profile SSL. 

Figure 4: This figure is a repeat of Figure 1 and can be deleted.  

Answer : well noted, we have deleted this figure in the revised version and add it in Appendix G. 

Figure 5: It would be really valuable to add a fifth column with average backscatter to this figure.  

Answer :Indeed, we have added a column with average sA (log10 transformed value) to the figure 

5 : 

 

 

Fig. 5: Mean vertical profiles of (a) temperature, (b) density, (c) chlorophyll-a concentration, (d) dissolved 

oxygen, and (e) square rooted Nautical Area Scattering Coefficient (sA)  in the three transects (T1, T2, 
T3; see Fig. 1) with positions of vertical probe stations CTD in the inshore area (vertical line in blue (G1)) 

and the offshore area (vertical line in red (G2)). 

 

Figure 6: This figure is very difficult to read, and should be redone it in a different format. I would 

suggest making three subplots, one for each transect (“radial”). Each of these subplots would have 

bottom depth or distance offshore on the x-axis, and depth below the surface on the y-axis. Mean 

layer depth at each station would then be plotted as a point, with the size of the point proportional 

to the layer’s NASC. Error bars/whiskers above and below each point would give a visual 

indication of its thickness. Points could be colored differently to show if they were recorded in 

daytime or nighttime. 

Answer : we have also modified this figure as presented below 
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Fig.6: Sound scattering layers (SSLs) mean depth (dot) according to bottom depth where they 

were detected, with their associated SSL thickness (line in meter), and SSL mean Nautical Area 

Scattering Coefficient (NASC or sA in m2 nmi-2), along transect T1 (north), T2 (intermediary), and 

T3 (south) during nighttime (in black) and daytime (in grey) sampling periods. 

 


