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Abstract. The use of active acoustic to monitor abiotic structures and processes in the ocean have been gaining ground
in oceanography. In some systems, acoustics allow the robust estimation of the depth of the pycnocline or thermocline
either directly or indirectly when the physical structures drive the one of organisms. Here, we examined the feasibility
of extracting the thermohaline structure (mixed-layer depth, upper and lower thermocline) from echosounder data
collected in the oligotrophic Southwestern tropical Atlantic region at two seasons (spring and fall), more precisely in
two areas with different thermohaline conditions, at both day and night. For that, we tested three approaches: (i) the
vertical extension of the epipelagic community; (ii) the use of acoustic gradients; and (iii) a cross-wavelet approach.
Results show that, even if the thermohaline structure impacts the vertical distribution of acoustic scatters, the resultant
structuring did not allow for a robust estimation of the thermohaline limits indicating that other oceanographic or
biological processes are acting. This result prevents for a fine-scale representation of the upper-layer turbulence from
acoustic data. However, studying the proportion of acoustic biomass within each layer provides interesting insights
on ecosystem structure in different thermohaline, seasonal and diel scenarios.

1. Introduction

The vertical structure of the upper ocean is primarily regulated by temperature and salinity, which together control the
water column density structure so called thermohaline structure (Sprintall and Cronin, 2010). The thermohaline
structure of the upper ocean can be divided into layers associated to different features: (i) the mixed-layer (ML); (ii)
the thermocline, halocline and pycnocline; and (iii) the barrier layer (BL), which is the layer between thermocline and
pycnocline induced by salinity (de Boyer Montégut et al., 2007; Sprintall and Cronin, 2010). The presence or absence
of these layers as well as their properties (strength and morphology) depend on ocean-atmosphere interactions,
hydrodynamic processes, and the influence of flow-topography (Aradjo et al., 2011; Pailler et al., 1999; Assungéo et
al., 2020; Silva et al., 2021). The thermohaline structure drives most near-surface oceanic processes, including the
control of gases and heat fluxes and momentum between ocean-atmosphere (Mignot et al., 2009; Miller, 1976) or the
nutrient availability in the photic layer (Chen et al., 2018; Rippert et al., 2015). The modulation of the pycnocline
allows identifying a variety of turbulent processes along scale including internal wave (~100 m to 10-15 km; Munk,
1981), submesoscale (~1-20 km; e.g. fronts and filaments; Tomas et al., 2008) and mesoscale (~20-100 km; e.g.



https://doi.org/10.5194/0s-2021-101 )
Preprint. Discussion started: 19 November 2021 Ocean Science
(© Author(s) 2021. CC BY 4.0 License. Discussions

40

45

50

55

60

65

70

eddies) activity (Bertrand et al., 2014; Grados et al., 2016). These processes modulate the concentration and
distribution of marine organisms, shaping the dynamics of ecosystems (Lévy et al., 2012; Bertrand et al., 2014).
Ocean thermohaline structure is classically derived from in situ measurements (e.g., Tsuchiya et al., 1994), reanalysis
products (e.g., climatology; Gaillard et al., 2016) or ocean models (e.g., Venancio et al., 2020). In situ observations
from CTD, XBT, Argo profiles, and thermistors (Maze et al., 2017; Wijesekera and Boyd, 2001; Woods, 1968)
provide high vertical resolution information but at discrete stations. They allow for process description from large
scales to mesoscales, but not at smaller scales. For that, high resolution data are necessary. Within this perspective,
active acoustic is a powerful tool since echosounders can capture fine-scale oceanographic structures typically
attributed to biological scattering or turbulent structures (Bertrand et al., 2014; Klymak and Moum, 2003; Lavery et
al., 2003; Pingree and Mardell, 1985; Stranne et al., 2018; Trevorrow, 1998). Indeed, acoustics allow covering large
areas with a single signal providing continuous (along the route of the vessel and/or per sampling station) and high
resolution on a variety of biotic (Benoit-Bird and Lawson, 2016; Bertrand et al., 2014) and abiotic properties such as
the oxycline (Bertrand et al., 2010), internal waves (Gentil et al, 2021; Grados et al., 2016; Holbrook et al., 2009;
Holbrook and Fer, 2005; Orr et al., 2000), submesoscale to mesoscale eddies (Biescas et al., 2008; Grados et al., 2016;
Ménesguen et al., 2012), thermocline (Ker et al., 2016; Stranne et al., 2018) and thermohaline staircases (Biescas et
al., 2008; Fer et al., 2010; Ross and Lueck, 2005; Stranne et al., 2017).

The accuracy of detection and monitoring of abiotic structures and processes by active acoustics depends on (i) the
frequency applied; (ii) how well defined the structures of interest are (e.g. narrower thermoclines are more likely to
be detected; weak density contrast at the base of the mixed layer decreases the chances of detection); (iii) ecosystem
productivity (i.e. the amount and intensity of biological scatters); and (iv) the dominance of the biological backscatter
(Ker et al., 2016; Pensieri and Bozzano, 2017; Stranne et al., 2018).

In the highly productive northern Humboldt Current system off Peru, where a shallow and intense oxygen minimum
zone is present, echosounder data have been successfully used to monitor the depth of the upper oxycline, which
matches the pycnocline (Bertrand et al., 2014, 2010; Grados et al., 2016). This allowed describing the variety of
physical turbulent structures at scales ranging from the internal waves to the mesoscale and their further impacts on
the distribution of organisms from plankton to top predators (Bertrand et al., 2014).

Thermohaline structuring as well as oxygen minimum zones play an important role in the vertical distribution of
epipelagic and mesopelagic organisms (mainly zooplankton, cephalopods and small fishes). The vertical extension of
the epipelagic community (VEEC) has been defined, primarily, in ocean regions where the oxygen minimum zones
act as a barrier for most marine species (Criales et al., 2008; Aydn et al., 2008a; Bertrand et al., 2010). In these regions,
the depth of the VEEC (Zveec) has been defined as the depth where 98% of the cumulative sum (integrated downward
from 10 m depth) of the acoustic echoes (sa, nautical area scattering coefficient in m2.nmi2, MacLennan et al., 2002)
from epipelagic community was reached (Bertrand et al., 2010).

Here, following this method, plus two other approaches (acoustic gradient and cross-wavelet analysis), we investigate
whether information on the variation of the thermohaline structure could be extracted from acoustic data in a less
productive tropical system. For that, we used data acquired during two surveys in the Southwestern Tropical Atlantic
(SWTA, Fig. 1). In this region, the western boundary current system (WBCS) formed by the North Brazil Undercurrent
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(NBUC) and the North Brazil Current (NBC) lies along the coast (Bourlés et al., 1999; Dossa et al., 2021). Further
offshore, lies the South Equatorial Current System (SECS), which includes the central branch of the South Equatorial
Current (cSEC) and the South Equatorial Undercurrent (SEUC) (Silva et al., 2021; Stramma and Schott, 1999). Both
systems are characterized by the presence of a permanent pycnocline, varying spatially and seasonally in structure
(thickness and depth of its upper and lower limits) and consequent strength (Assuncéo et al., 2020).

2. Material and Methods

2.1. Data

Data were collected during two multidisciplinary surveys “Acoustic along the BRAzilian CoaSt (ABRACOS)”
performed off the coast of northeast Brazil (Fig. 1) aboard the French R/V Antea in austral spring (September - October
2015; Bertrand, 2015) and fall (April - May 2017, Bertrand, 2017).

Conductivity, temperature, depth and oxygen (CTDO) hydrographic profiles were acquired at 96 stations using a
CTDO Seabird SBE911+ from the surface down to 1000 m, or down to ten metres above the bottom depth.
Conductivity, temperature, pressure, and dissolved oxygen accuracies are of 3 mS/m, 0.001°C, 0.7 dbar, and 0.09 ml
I%, respectively. Here, we focus on the 52 CTDO profiles deeper than 300 m (Fig. 1; Bertrand, 2015; Bertrand, 2017).
Acoustic data were acquired using four Simrad EK60 scientific echosounders operating continuously during transects
and hydrological stations and connected to split-beam transducers working at 38, 70, 120 and 200 kHz. Due to its
limited operational range (150 m), the 200 kHz was not used in this study. Echosounders calibrations were performed
according to Foote et al. (1987) using a tungsten carbide sphere at the start of each survey. Transmit powers were
1000, 500, 200 and 90 W for the 38, 70, 120 and 200 kHz transducers, respectively. The pulse length was set to 0.512
msec for all frequencies providing a vertical resolution of the raw data of ~10 cm.

Acoustic data processing, including automatic cleaning and the removal of background, transient and impulsive noise
along with the attenuated signals, was done using the Matecho software tool (version 20191213V6; Perrot et al., 2018).
Matecho is an open source IRD (Institut de Recherche pour le Développement) tool based on the IFREMER (Institut
Francais de Recherche pour I'Exploitation de la Mer) Movies 3D software (Trenkel et al., 2009). To get the same
vertical resolution than the CTDO, a high-resolution echo-integration on 1 ping per 1 m high cell was applied on sy
samples (volume backscattering coefficient, m2m=, Maclennan et al., 2002) with a threshold at -100 dB applied to the
Sv (volume backscattering strength, dB re 1 m™) values. Signals from less than 10 m depth were suppressed, as they
were dominated by transducer back lobe reflections from the water surface, the ship hull and by surface bubbles.

At each station, the purpose was to compare the CTDO profiles with the corresponding mean acoustic profiles at the
available frequencies. For that, we used 100 pings after the end of each cast of CTDO to avoid the possible noise
induced by the descent and ascent of the CTDO and to ensure working on genuine day and night data since CTDO
profiles were mostly performed during twilight periods.
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Figure 1: Survey tracks (black lines) of ABRACOS 1 (a) and ABRACOS 2 (b) surveys. Day (yellow circle) and
night (red circle) CTDO stations used in this study. The continental shelf is represented in light grey; the dashed
black line represents the shelf break (70 m isobath); other bathymetric contours (solid black lines) are by 1000
m intervals. RA: Rocas Atoll; FN: Fernando de Noronha archipelago. The boundaries (solid white lines)
between the Western Boundary Current System (WBCS), the South Equatorial Current System (SECS), and
the transitional area are plotted according to Assungéo et al. (2020). The main currents (c) of each thermohaline
system are: North Brazil Undercurrent (NBUC), North Brazil Current (NBC), central branch of South
Equatorial Current (cSEC) and South Equatorial Undercurrent (SEUC) (Dossa et al., 2021; Silva et al., 2021).
The dotted arrows refer to the subsurface currents and the continuous arrows to the surface currents.
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2.2. Thermocline structure

To describe the thermohaline structure, we have defined a series of parameters (Fig. 2a): the thermocline (upper and
lower limits), the mixed-layer depth (MLD), and the barrier layer thickness (BLT). There is no consensus for such
definitions, depending on the most suitable adjustment from the oceanographic conditions in each study region (Aratjo
et al., 2011; de Boyer Montégut et al., 2004; Holte and Talley, 2009; Ker et al., 2015, 2016). Here, we defined these
limits using the criteria used by Assuncéo et al. (2020). The upper thermocline depth (UTD) is the depth at which
d9/0, = 0.1°C/m. The lower thermocline depth (LTD) corresponds to the last depth below the UTD where the Brunt
Vaisala frequency (N2, the buoyancy frequency squared), is of up to four orders of magnitude (N? > 107%). To
determine the stability of water column, we used the Brunt Vaisala frequency, calculated according to the equation
1.

N? = - 20 6

oy 95’
where g is the acceleration of gravity and ¢0 is a reference density at 10 m (Kim and Miller, 2007; Liu et al., 2016).

To define the MLD, we used the criteria from Sprintall and Tomczak (1992), i.e., the depth where the potential density
(o) has increased, with respect to its value at the reference depth (z, = 10 m), by an amount that corresponds to a

drop in potential temperature by 0.5°C, according to the equation (2),

MLD = z(d,, + %Ag); )
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Finally, the barrier layer thickness (BLT) was calculated as the difference between the MLD and the UTD (BLT =
MLD - UTD) (Lukas and Lindstrom, 1991).

2.3. Linking acoustic profiles to thermohaline properties

Here, we considered separately the diel period (day; night), the hydrodynamic systems (Western Boundary Current
System - WBCS; South Equatorial Current System — SECS; Fig. 1; see Assuncéo et al., 2020), and the seasons (spring
2015; fall 2017). To determine if the thermohaline structure could be extracted from acoustic data, we tested two
criteria (Zveec and acoustic gradient) and a cross-wavelet analysis approach (Fig. 2b, ¢, d). The methods have
complementary potential, but each one is based on a specific hypothesis. First (Fig. 2b), we tested the method from
Bertrand et al. (2010) to determine if the LTD could be derived from a specific value (or range) of the cumulative sum
(%) of the acoustic echoes (sa, nautical area backscattering coefficient in m2.nmi-2) from upper ocean. The sa (a proxy

for the acoustic biomass) is defined according to the equation (3),
Sp = 477(1852)2.f2212 s, dz; (3)

Second (Fig. 2c), we tested if the thermocline limits could be associated to specific volume backscattering strength
gradient (ds,,/0,) values (or ranges) at each acoustic frequency (38, 70 and 120 kHz). Gradient methods, as threshold
ones, assume that there is a strong acoustic gradient marking the thermohaline layers interfaces. In fact, gradients are
commonly used in a similar way to assess the MLD, thermocline or pycnocline depth (Assuncdo et al., 2020; Lukas
and Lindstrom, 1991).

Finally (Fig. 2d), we applied a wavelet approach based on continuous wavelet transform (CWT), and cross-wavelet

transform (XWT) to determine if the along-depth localised power variations in temperature (xa, / ) and Sv (yag, /a )
0z 2z

gradients match, allowing for determining the upper and lower limits of the thermocline. Cross-wavelet analysis is
indeed a powerful method for testing proposed linkages between two signals, simultaneously in frequency (or scale)
and time (or location) (Grinsted et al., 2004a; Muchebve et al., 2018). The wavelet power spectrum can be interpreted
as depicting the local variance of a time/space series. The XWT is computed by multiplying the CWT of one time-
series by the complex conjugate of the CWT of the second time-series and depicts the local covariance between these
series at each time/space and frequency. Therefore, the cross-wavelet power provides a quantification of the power
similarities between two series (Aguiar-Conraria and Soares, 2014; Daubechies, 1992; Grinsted et al., 2004b; Tomas
etal., 2016).
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3. Results and Discussion

3.1. Thermohaline limits vs. cumulative sum of the acoustic echoes

170  The vertically cumulative sum (expressed as a percentage) of acoustic echoes (sa, m2.nmi) at 38, 70, 120 integrated
downward from the surface to a depth of 300 m, was evaluated at the three different thermohaline limits (MLD, UTD
and LTD) (Fig. 3). Results show a wide variation of the cumulative sums of acoustic echoes at the three limits,
whatever the frequency, for each hydrodynamics system or diel period (Figs. 3, 4 and 5). Even within a given
hydrodynamic system where these limits, in particular the LTD, can be stable, the cumulative sum of acoustic echoes

175  was highly variable from one station to another (Fig. 4, see interquartile ranges). In addition, the variance was larger
in the highly stratified SECS than in the WBCS, which is less stratified (Assuncéo et al., 2020). This result is rather
opposite of what one might have expected. Indeed, according to previous studies (Bertrand et al., 2010), we could
have expected more robust estimation in an area characterised by sharp density gradients. Therefore, this cumulative
sum approach does not allow for a robust estimation of the thermohaline limits in the SWTA. However, studying the

180 proportion of acoustic biomass within each layer provides interesting insights on ecosystem structure in different

thermohaline, seasonal and diel scenarios.
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Figure 3. Examples of cumulative sum (%) of the acoustic echoes (sa, m2.nmi-2) from surface to the MLD, UTD
and LTD respective to the integration of acoustic echoes in the range 0 - 300 m in spring 2015 and fall 2017.
185  MLD: mixed layer depth; UTD: upper thermocline depth; LTD: lower thermocline depth.



https://doi.org/10.5194/0s-2021-101
Preprint. Discussion started: 19 November 2021
(© Author(s) 2021. CC BY 4.0 License.

Ocean Science

190

195

200

Discussions
(a) Spring 2015 (b) Spring 2015
WBCS SECS
100";4 T &= == ] 100 F e
g = LEH  Hm
= I 1 - e
€ o5
[0} |
25 60 r 80 t 1 . D
3w I 1
E 40} 40 L
35 I
o 1
20} 20
P — L - - - -~ —
A W v g W v W A N W W N
FFEF I EE FFT &F I EFEIE
R ¥ &L ¥R ¥ RS
(c) Fall 2017 (d) Fall 2017
WBCS SECS
100 [—L\ I_,_l S | ;“ 100 - - i
e ol B @
= L] u L ] = &
£ i . Pl Il =
E 60 60— B
3o ! H | ’ =
2= a0 40 -
™ ©
S
E 20 20
3 l
]

Figure 4. Boxplots of the cumulative sum (%) of the acoustic echoes (sa, m2.nmi?) from surface to lower
thermocline depth respective to the integration of acoustic echoes in the range 0 - 300 m in (a) the WBCS in
spring 2015; (b) the SECS in spring 2015; (c) the WBCS in fall 2017; (d) the SECS in fall 2017 (d). Day and
night stations are represented by empty and grey boxes, respectively.

Except at 120 kHz during the day in the SECS, at both seasons more than 60% of the upper ocean acoustic biomass
was concentrated above the LTD (Figs. 4 and 5). The cumulative sums at the LTD increased at night (Figs. 4 and 5)
due to vertical diel migration of mesopelagic organisms towards the epipelagic layer (e.g., Eduardo et al., 2020).
Actually, the highest the cumulative sum (in particular at night and in spring), the lowest the inter-stations variability
(Fig. 4, see interquartile ranges) so the highest is the possibility to estimate the LTD using the cumulative sum. Further,
average sa cumulative sums at the MLD, UTD and LTD for both diel periods, hydrodynamics systems and seasons
(spring and fall), reveal that most of the acoustic biomass was concentrated within the thermocline (i.e., between UTD
and LTD) in both systems in fall. In spring, however, this pattern was only observed at day in the SECS. In both
systems, in spring 2015, a large proportion of organisms (up to 60% in the WBCS and SECS (only at night),
respectively; less conspicuous at 120 kHz) inhabiting the water column were distributed above the thermocline, i.e.,
until the UTD. In the WBCS, this behaviour may be a strategy developed by organisms to limit the advection by the
NBUC (below ~100 m), which is stronger at this season than in fall (Dossa et al., 2021).
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210

The acoustic biomass at the LTD were higher and with lower variability in the WBCS (Fig. 5), characterised by a
smooth and thick thermocline (Assuncdo et al., 2020), than the SECS, whatever the season and diel period.
Interestingly, in the SECS, characterised by a sharp and narrow thermocline and shallowest LTDs, a significant part
of the biomass (up to 47%) was distributed below the thermocline, most visible at 120 kHz (fluid-like zooplankton

215  proxy; Stanton et al., 1998) (Fig. 5). These results lead us to hypothesize that in regions where the thermocline is
highly stratified, and less mixed, some organisms avoid the layer of highest gradient. These results agree with previous
studies (Lee et al., 2013) and are also consistent with the fact that, in the SECS in spring, zooplankton biomass is
lower than in the WBCS, but organisms are larger (Figueiredo et al., 2020). Larger zooplankton are more likely to
inhabit greater depths under more stratified conditions (Hampton et al., 2014).

220 3.2. Thermohaline limits vs. acoustic backscattering gradient

The value of Sv gradient differed according to the thermohaline limits in the WBCS (Fig. 6a, b). However, in the
SECS, gradients were more alike between MLD and UTD, due to their proximity or overlap (Fig. 6c, d). Still, at all
thermohaline limits (MLD, UTD and LTD), Sv gradients varied widely according to the frequency and the diel period,
even within a given thermohaline system and season (Fig. 7). The largest interquartile ranges (considering the Sv
225 gradient values of all stations) were observed for the UTD at day. Whereas the smallest interquartile ranges were more
associated with the MLD and night. This seems to reflect the fact that during the day organisms present a more patchy
distribution while at night they are organised over more homogeneous layers (e.g., Benoit-Bird et al., 2003). The

smallest interquartile range was observed in spring in the WBCS at night with almost no variation among stations at
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70 and 120 kHz, then being the most promising condition for which a threshold may allow a robust estimation of the
230 UTD. However, considering the Sv gradient ranges observed for other frequencies and limits, we consider that the
gradient criteria is not robust enough, since for a given limit (MLD, UTD or LTD) little or no variation between
stations is expected, even in this specific case. Therefore, the application of specific Sv gradient value as a criterion

to detect and track the thermohaline limits is likely unreachable in the SWTA.

Actually, the vertical distribution of pelagic organisms is often very patchy and acoustic scattering can vary by several
235 orders of magnitude over few meters (Benoit-Bird, et al., 2003). In addition, the fact that gradients cannot be robustly

associated to the physical structures confirms that the acoustic scatters we observed correspond to organisms and not

to sole density structures. In some ecosystems, physical turbulence can be detected directly. For instance, in the Arctic

Ocean, Stranne et al. (2018) successfully detected the MLD associated with the impedance contrasts. In such case,

contrarily to ours, the number of biological scatters was low in the upper layers, facilitating the detection of genuine
240  physically driven structures (Ker et al., 2015, 2016; Stranne et al., 2018).
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Figure 6. Examples of acoustic profiles (Sv, dB re 1 m™) in spring 2015 (a, ¢) and fall 2017 (b, d). At each station,
thermohaline structure is superimposed on the Sv profiles and their respective Sv gradients. The depth of
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greatest gradients is marked by a magenta asterisk. MLD: mixed layer depth; UTD: upper thermocline depth;
LTD: lower thermocline depth.
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Figure 7. Boxplot of the acoustic gradient of Sv (in dB re 1 m™) at the thermohaline vertical limits (MLD, UTD
and LTD) according to the season (spring — a, b; fall — c, d), the thermohaline system (WBCS - a, ¢; SECS - b,
d). For each case, frequencies (38, 70 and 120 kHz) and diel period (day - empty box; night - grey box) are
specified.

3.3. Wavelet approach

Here, we only present results obtained at 38kHz that are representative of the results observed at other frequencies
(not shown).

The analysis of the continuous wavelet transforms (CWT, Figs. 8a, b and 9a, b) of the profiles of temperature gradient
reveal that, as expected, the highest energy is encompassed within the thermocline. However, due to the differences
in thermohaline structures, the signal energy of temperature gradient depicted more variable patterns in the WBCS,
where the stratification is weak (Figs. 8a and 9a), than in the SECS (Figs. 8b and 9b). Sv gradient CWT patterns were
less clear (Fig. 8c, d and 9c, d). The peaks of energy were not restricted to the thermocline and the scale varied between
4 and 32 m in the WBCS and 4 and 64 m in the SECS. As expected, we did not observe a well-defined pattern in the

SECS (Figs. 8d and 9d). Sv gradient signals varied widely not only between systems, but also between stations and
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seasons. Nevertheless, the interaction between temperature and Sv signals becomes clearer when considering the

cross-wavelet.

In both systems, cross-wavelet (XWT, Figs. 8e, f and 9e, f) reveal significant high common power mostly within the
thermocline, generally in the 8 - 32 m scale. This pattern is also robust when considering the strong seasonal changes
in the thermocline limits that were much shallower in fall than spring (Assuncéo et al., 2020). However, the common
power locations did not always coincide with the thermocline limits, nor with the MLD. Moreover, the common power
locations were highly variable between stations even in a given hydrodynamic system and season. Thereby, we cannot
robustly draw the limits of the thermohaline layers with this method either. However, the cross-wavelet allows
observing interesting relationships between the gradients of temperature and Sv. These gradients were mostly out of
phase (arrow pointing left-biased). This indicates that Sv gradients did not match the position of temperature ones so
that organisms formed more stable patches in the zones of strong thermic gradient (more static stability). One
exception was observed in the WBCS in fall 2017 where signals were mostly in phase, and thermal and Sv gradients
coincided (Fig. 9a, arrow pointing right-biased).



https://doi.org/10.5194/0s-2021-101
Preprint. Discussion started: 19 November 2021
(© Author(s) 2021. CC BY 4.0 License.

— Temperature profie

100 1 "o 0 wo

n ‘. l\ﬁ‘ ‘]lu

\l,,. *.,lt\k L

f\

"
Y J
s

: T

TTL B PRI
150 200 250

~ NN 7 Sv prafile

50 100 150 200 250

%00 250

150
Depth (m)

Figure 8. Examples of time/space series of temperatu

Ocean Science

Discussions

$S920y uadQ

Tempersture pc:nme

1o Y o 0 e

200 250

150
Depth (m)

re (a, b) and Sv at 38 kHz (c, d) gradients and its

continuous wavelet power spectrum from WBCS (a, c) and SECS (b, d) during spring 2015. Cross-wavelet

280

in-phase pointing right, anti-phase pointing left). The
significant signal at 95% confidence level. The cone of
picture is shown as a lighter shade.

transform (XWT) for xa, / and yaq, y from WBCS (e) and SECS (f). Arrows represent phase difference (with
al aZ

black contour encompasses regions with statistically
influence (COI) where edge effects might distort the

EGU



https://doi.org/10.5194/0s-2021-101 )
Preprint. Discussion started: 19 November 2021 Ocean Science
(© Author(s) 2021. CC BY 4.0 License. Discussions

(co).

©)

BY

285

290

$S920y uadQ

(i) — » (b) » ' '
e Sy Temperature profile ‘ AL Temperatura profile
0 £ SE 2§ —‘\\‘—
g » T —— b " 1 H ™ o
. |
oy | | %a,, 1
/6 f | az o

.3 2 y N, ) |l | a 1\1 P
ul PR LA SO LI (A T DT P e S| 0

L] st 100 10 a1 0 0 “0 ™) o 150 2t > 2y

Scale (m)

128750 100 150 200 250

i I\ Sv profile

% » i ax " )

)

n",’ "
CALAPY R N
2m %0 x

z | NPT
a L\ Vi A

a 20 o 120

n

Scale (m)

- N A& @

Scale (m)

112
/4
178

~100 150 200 250
Depth (m) Depth (m)

gt L el
50 100 150 200 250

Figure 9. Examples of time/space series of temperature (a, b) and Sv at 38 kHz (c, d) gradients and its

continuous wavelet power spectrum from WBCS (a, ¢) and SECS (b, d) during fall 2017. Cross-wavelet

transform (XWT) for xa, / and yaq, y from WBCS (e) and SECS (f). Arrows represent phase difference
a, a,

(with in-phase pointing right, anti-phase pointing left). The black contour encompasses regions with statistically
significant signal at 95% confidence level. The cone of influence (COI) where edge effects might distort the
picture is shown as a lighter shade.

EGU



https://doi.org/10.5194/0s-2021-101 )
Preprint. Discussion started: 19 November 2021 Ocean Science
(© Author(s) 2021. CC BY 4.0 License. Discussions

4, Conclusion

In this study, we aimed at verifying the feasibility to draw the vertical thermohaline structure from echosounder data,
based on biological scattering or turbulent structures in an oligotrophic ecosystem. In principle, none of the three
tested criteria (vertical distribution of the epipelagic community, gradient of acoustic energy and signal analysis
295 between the thermal vertical and Sv gradients) allowed for a robust estimation of the thermohaline structure. From the
analysis of the vertical integration (cumulative sum) of acoustic echoes, we expected that the thermocline could act as
a natural barrier in the vertical distribution of organisms, mainly small mesopelagic fishes and zooplankton, as
observed in the northern Humboldt Current system off Peru where a strong oxygen minimum zone is present (Bertrand
et al., 2010). On the contrary, even in a given hydrodynamic system (WBCS and SECS) and season (spring and fall),
300  we could not identify specific cumulative sums or gradient of echoes fitting thermohaline limits, including at night.
In addition, according to the oceanscape, highest acoustic biomasses were not systematically associated with the
thermocline, indicating that other oceanographic or biological processes may be acting.
Although we could not robustly detect the thermohaline vertical structure from acoustic scatters using these
approaches, we revealed a variety of oceanscapes with different responses in terms of organisms vertical distribution.
305  Forexample, in regions where the thermocline is highly stratified, and less mixed, a large amount of organisms seemed
to avoid the layers of highest gradient. However, those organisms seeking more stable depths in the water column
showed less variability in acoustic response, i.e., they tended to cluster in more stable patches. Further fine scale
analyses involving other biogeophysical (e.g., currents and oxygen concentration) and biological (e.g., working with
specific groups of acoustically discriminated organisms) factors need to be achieved to further understand the

310 processes involved in the vertical structuring of the epipelagic community.
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