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Abstract :   
 
Hydroacoustic is now a reliable and often used tool to monitor and study marine ecosystems (Brehmer et 
al. 2006). This study focus on acoustic scattered layers, which are the echosounder detection of pelagic 
marine organism of low trophic level, important in ecosystems functioning. Data have been recorded at 
38 kHz in the three Atlantic African Large Marine Ecosystems (LME). Layers have been extracted using 
Matecho (Perrot et al. 2018) at a threshold level of -70 dB. To describe parsimoniously ecosystems, 
compare them and understand the difference, two descriptors have been used. Some of them are based 
on already used descriptors and others are new. The aim of this study is to ensure that these descriptors 
are relevant to monitor and compare systems. Therefore, we first explore temporal and spatial dimension. 
For such purpose, we use a large acoustic database collected in Canary Current Large Marine Ecosystem 
‘CCLME’ (Diogoul et al., 2020; Brehmer et al. 2018). The temporal dimension is studied by diel 
comparison and by analysing change over years in each system. Spatial dimension is explored by intra-
LME comparison concerning CCLME, which present two systems with different functioning. Results 
highlight the effectiveness of these descriptors. The methodology presented in this work is innovative, 
introducing original new descriptors to monitor pelagic compartment of each LME and should be efficiently 
used for environmental monitoring in case of perturbation as overfishing, climate change or marine 
pollution. Indeed the acoustic scattered layer are mainly composed of macrozooplankton and 
ichtyoplankton, which are sensitive to environmental change. 
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Ecosystem ‘CCLME’ (Diogoul et al., 2020; Brehmer et al. 2018). The temporal dimension is studied by 

diel comparison and by analysing change over years in each system. Spatial dimension is explored by 

intra-LME comparison concerning CCLME, which present two systems with different functioning. 

Results highlight the effectiveness of these descriptors. The methodology presented in this work is 

innovative, introducing original new descriptors to monitor pelagic compartment of each LME and 

should be efficiently used for environmental monitoring in case of perturbation as overfishing, climate 

change or marine pollution. Indeed the acoustic scattered layer are mainly composed of 

macrozooplankton and ichtyoplankton, which are sensitive to environmental change. 

 

1. Introduction 

There is an increasing need to monitor ecosystems and understand the impact of anthropic activities 

worldwide and even more particularly for marine African countries. Micronektonic layers are a crucial 

intermediate trophic level in lot of ecosystem because of their intermediate position (Bakun 1996). They 

are necessary for lot of pelagic fish species. As micronekton biomass can largely vary over spatial and 

temporal parameters (Cury et al. 2000). Micronekton can be used as sentinel species to efficiently 

monitor ecosystems (Béhagle et al. 2017). Micronekton aggregate in Sound Scattering Layers (SSLs), 

which can been observed by fisheries acoustic tools (Ballón et al. 2011). SSL also include macro-

zooplankton, micronekton and all pelagic mid-trophic organisms, such as Sardinella aurita which can 

also been used as sentinel to monitor ecosystems (Sarré 2017). Fisheries acoustic is a non-invasive tool 

and can easily record data over large areas (Brehmer 2006). This study try to set up a methodology to 

monitor SSL changes over spatio-temporal parameters to efficiently follow ecosystems modifications. 

We apply this methodology to ecosystems from one of the Atlantic African Large Marine Ecosystems 

(AALMEs) (Sherman 1991): the Canary Current Large Marine Ecosystem (CCLME). Analyses focused 

first on the well-known Diel Vertical Migration (DVM) (Brierley 2014) in a homogeneous sub-area, the 

North CCLME. We then analyse the difference between two sub-areas of the CCLME, i.e., North and 

South Cape Blanc (Diogoul et al. 2021). 

2. Material and Methods 

The acoustic data set used to test the SSL methodology was recorded in parts of the three AALME, 

located on the continental shelf of West Africa. The study area in the CCLME extend from 12.2°N to 

34.1°N and from 7.2°E to 17.7°E and data have been recorded over 20 years between 1995 and 2015 

(14 annual surveys). This area can be divided in two part, separated by the Cape Blanc (Sarré et al. 2016) 

at 20.7°N. The study part of the GCLME extend from 4.2°N to 6.3°N and from 7.5°E to 2.7°W and 

surveys have been recorded over 6 years between 1999 and 2006. In BCLME, surveys stand from 17.3°S 

to 29.3°S and from 11.5°W to 16.6°W during 8 years between 1994 and 2001. 

Authorized licensed use limited to: Institut français l'exploitation Mer (IFREMER). Downloaded on March 21,2022 at 14:56:51 UTC from IEEE Xplore.  Restrictions apply. 



Acoustic data have been cleaned and echo-integrated using Matecho software (Perrot et al. 2018). SSLs 

were extracted at an echo level threshold of -70 dB re 1 m-1 (noted dB from here) to include macro-

zooplankton, micronekton and all pelagic mid-trophic organisms (Béhagle et al. 2016). Data have then 

been statistically analysed using R software (R Core Team 2021). 

Fourteen parameters can be extract to characterise SSL organization and monitor their spatial, 

morphologic and acoustic changes. We present here only two parameters based on SSL position in the 

water column: (i) the minimal depth of the layer đ, i.e. the minimal distance between surface and the 

SSL (in m) and (ii) the maximal depth Đ, i.e. the maximal distance between surface and the SSL bottom 

(in m). These two parameters present the position of the SSL in the water column and their heights. Only 

the shallowest SSL was kept for analyse.  

 

Figure 1. Presentation of the two classic Sound Scattering Layer (SSL) descriptors: đ, the minimal depth of SSL (in meters) and 

Đ, the maximal depth of SSL (in meters). The blue line represents the bottom and the black one the surface. The colour scale 

on the left indicates the backscattering strength, noted Sv expressed in dB. This SSL has been extracted from survey in 

CCLME in 2015. 

 

3. Results 

3.1. Diel vertical Migration in CCLME North 

Descriptors has been used to compare SSL organisation through Diel Vertical Migration (DVM) in a 

homogeneous area: the North CCLME. Minimal and maximal depth are significantly different between 

day and night. Boxplots (Figure 2) present the minimal and the maximal depth of SSLs to get an 

overview of water column organisation. The maximal depth of SSLs (in light grey) is more stable over 

time but the minimal depth is different, smaller during nighttime. These results highlight wider and 

shallower SSL during night than during day, so a rise of SSLs. 
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Figure 2. Boxplots of minimal and maximal depth of sound scattering layers (respectively in light grey and dark grey) in 

Canary Current Large Marine Ecosystem (CCLME) North during day and night 

3.2. Spatial 

Descriptors has also been used to compare sub-areas in a LME. Here we compare North and South 

CCLME, with all data, including day and night. North and South are significantly different for the two 

variables. The maximal depth of SSL is slightly smaller in CCLME South and SSL are generally 

shallower and higher than in CCLME North. 

 

 

Figure 3. Boxplots of minimal and maximal depth of sound scattering layers (respectively in light grey and dark grey) in 

Canary Current Large Marine Ecosystem (CCLME) North and South 

4. Discussion 

The acoustic analyse of SSL produce numerous descriptors to observe them and follow evolution over 

spatial and temporal gradient. Here we choose to work with only two of them: minimal depth of SSL đ, 

and maximal depth of SSL Đ. These two descriptors efficiently transmit a global idea of size and 
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localisation and water column of SSL, which can vary depending of such parameters. Therefore, we 

found a significant difference between day and night, with SSL higher and shallower during night-time. 

This observation is convenient with characteristic of typical nocturnal ascendant DVM behaviour 

(Tiedemann et Brehmer 2017; Brierley 2014). This significant answer confirms that descriptors are 

efficient to detect changes in SSLs organization. 

These two descriptors are then used to compare two sub-areas in the CCLME: North and South CCLME. 

We also find a significant difference with SSL generally smaller and deeper in the North Cape Blanc. 

This difference could be explained by specificities of each sub-area and especially upwelling regime. In 

Southern CCLME, the upwelling is seasonal, whereas it is permanent in Northern CCLME (Arístegui 

et al. 2009; Benazzouz et al. 2014). Upwelling is known to highly impact ecosystems and biocenoses 

(Capet et al. 2017), which can explain the different structure of SSL between the two sub-areas. 

However, as we do not have any information about species identification of SSL during the surveys, we 

cannot conclude further on change in SSL composition. However, analyse of the fourteen available 

descriptors could allow a more precise interpretation of changes in SSL organization and use them to 

monitor spatio-temporal changes. 
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