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       Comparing hydroacoustics measurements 

 in large estuaries at two frequencies (70 and 120 kHz) 
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Acoustic technology in use for over 40 years has proven to be an effective tool to collect high-quality data describing animal size, abundance, behavior (1) across a wide range of spatio-temporal scales in aquatic 

ecosystems (2). It is considered as compatible with best practices defined by European Directives and applied as an alternative and/or complementary to intrusive net sampling. With the miniaturization of 

equipment, different echosounders, and frequencies can be used simultaneously on small boats. However, unique features of estuaries have limited the application of hydroacoustics.  
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• Estuaries are complex and highly dynamic natural ecosystems (3) 

• Studies lag behind due to the unpredictable nature of estuaries 

• Lack of effective protocols for sampling fish populations in estuaries (4) 

• Methods should be field-tested to ensure their accuracy and precision 
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This work focuses on in situ measurements at 70 & 120 kHz in 2 estuaries (Gironde & Zeeschelde) using different sampling strategies 

• Echosounders Simrad® EK60 
- 70 kHz: ES70-7x7 
-  120 kHz: ES120- 7x7 
• Parameters 
- Pulse length: 256 µs 
- 4 pings per second 
- Power: 100 W 
- 2 frequencies simultaneously pinging 
 

• Mobile design: ZigZag (ZZ) / 2 ESDU (Distance) per zig 

                              - Left shore: ESDU Médoc ~ 1 km  

                              - Right shore: ESDU Saintonge ~ 4 km  

 

 

 

 

 

What we know about multifrequency acoustics? 
 Sound frequency is considered as a primary parameter because the acoustic backscatter 

strength from fish and other organisms is frequency-dependant (5). The choice of 
frequencies is always a compromise between sampling volume, resolution of targets and the 
ecosystem. Different organisms differ in their frequency response, suggesting multi-
frequency approaches may allow discrimination of targets.  

Two acoustical data metrics (6) 

 

• USING LARGE MACROTIDAL ESTUARIES AS CASE STUDIES 

• DATA RECORDED IN SITU USING 2 FREQUENCIES (70 & 120 kHz) • ELEMENTARY SAMPLING UNITS 

• Fixed stations (FS)  / 1 ESTU (Temporal) 

                               - ESTU FS ~ 30 min 

• Total mean volume Backscattering Sv (in dB)         Sv = 10log(Σσ bs / V) 

with σbs = backscattering cross section 

• Mean TS (in dB)                                  TS = 10log10(σbs)     

 

Analysis in Sonar 5 [Sv threshold: -66 dB; TS threshold: -60 dB] 

 

• N= NUMBER OF PAIR (70 -120)   

• Boat 
- Transducers fixed to the side  
- 0.50 m below the surface 
- Vertically oriented 

- Conditions: ± 2h around the high tide, daytime 
- Sampling period: May 2010  to June 2014                                     

(as soon as possible, monthly intervals) 

- Conditions: daytime & night-time (when it is possible) 

- Sampling period:  February 2011 to June 2014 (in Gironde) 

                                   :  in July & September 2013 (in Zeeschelde) 

  Gironde estuary (France)                           Zeeschelde estuary (Belgium) 
  

Large estuary comparison (Gironde vs Zeeschelde) 

Gironde FS Zeeschelde FS 

The Gironde Acoustic Fish surveys (GAFs) were performed monthly in the 
mesohaline part of the Gironde estuary from 2010 to 2014. Different protocols 
were applied in order to determine viable sampling strategy. Different spatio-
temporal designs with mobile tracks (ZZ) vs fixed stations (FS) were considered.  

Ecological processes affect estuarine fish communities at different spatial 
scales. Large scale ecological patterns within an estuary result from responses 
to dominant environmental gradients.  
With an identical acoustic protocol applied in two estuaries (Gironde and 
Zeeschelde), around high tide, different fixed stations, along the salinity 
gradient of estuaries, this study aims to better understand the ecological 
functioning of fish communities in large estuarine ecosystems.  

At large scales, along the salinity gradient, the linear 
correlation is also positively significant and we observe 
particularly a highly significant correlation with high level 
of fish abundance (e1 and  e2).  
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   This kind of study is essential to ensure comparability of results and to define robust protocols and internationally-accepted standards such as the ones 
defined for freshwater ecosystems (European CEN standard guidance and Acoustic Unpacked).  
 

Nevertheless, each frequency may not provide the same information because of the different wavelengths involved. Therefore, a multi-frequency  approach 
may be promote additional ecological information, and in part, an alternative to cope with the problem of fish identification and to distinguish fish from other 
organisms. 
 

Using the large macrotidal estuaries as case studies, the benefit of this work brings out a range of technical and methodological issues relating to sampling 
methods and  improve our knowledge on fish patterns as the same time as efforts for the implementation of an acoustic approach in estuaries continues to gain 
confidence. Clearly, a need exists for generating estimates of fish abundance in estuarine waters using hydroacoustics (9). These various methods represent 
“true” but different pictures of the target stock or ecosystem, like pictures of an object from different angles (10).    
 

   Rigorous sampling is crucial in estuaries in order to obtain an accurate representation of the ecosystem. Hydroacoustics must be promoting in estuaries. 
 

Overall, Simrad echosounders at two frequencies gave comparable results for Sv and 
mean TS within the mobile zig-zag design (a1 and a2).  
For the fixed station approach (FS), this was also true for fish biomass (Sv), especially 
when we separated the tidal data (b1 and c1). However, low correlation were 
observed for the mean TS (c2).  

Gironde Fixed Stations (FS) For Sv and mean TS, our results show 
that the two frequencies are dependent 

but differences in some echogram 
sections for Sv values. 

For all results (Sv and mean TS), the Spearman test 
shows high significant correlations (all p-values 
<0.05) between both frequencies.  
However, the median values of Sv and mean TS at 
70 and 120 kHz are significantly different (Mann-
Whitney-Wilcoxon test), this is particularly true for 
the Sv values.  

• NON-PARAMETRIC TESTS 

• LINEAR CORRELATION (R2) 

Most results show a highly significant linear 
correlation for Sv between both frequencies. 
Coefficients of correlation were higher when we add 
the tidal criteria (b and c). However, the linear 
correlation for the mean TS is not always observed 
(c2).  

(b1) Sv Values ebb tide (c1) Sv Values flood tide 

(a) 

• STUDIES AT LARGE SCALE IN MACROTIDAL ESTUARIES 

For Sv recorded by the both frequencies, 
the correlation is clearly established. 

A previous study showed that the acoustic densities in the 
Zeeschelde estuary were five times higher than the Gironde 
estuary. Size of targets are also much larger in the estuary of the 
Zeeschelde. However, for both estuaries, highest acoustic 
densities were observed for the most upstream stations (7). 

(c2) TS Values flood tide 

(d1) Sv Total values (e1) Sv Total values 

Both estuaries are characterized by 
high levels of turbidity, extensive tidal 
mixing and different fish and shrimps 
communities.   

This study demonstrates that comparable Sv and mean TS values were obtained at 70 khz and 120 kHz under different tidal conditions, time of day and even in 
different estuarine systems. Although echosounders operate simultaneously, they do not sample exactly the same volume, and then do not detect exactly the 
same targets, particularly at short tranducer-target ranges such as those shallow estuaries.  
 
Studies conducted in freshwaters also reveal excellent correspondence between different frequencies (4, 8) corroborating our conclusion:   

Both frequencies (70 or 120 kHz) can be equally effective in an estuarine setting.  

with R Software 

The Gironde Estuary 

Statistical analyses 

Gironde Zig-Zag (ZZ) 
(a1) Sv Total values 

(a2) TS Total values (b2) TS Values ebb tide (d2) TS Total values (e2) TS Total values 

(b) (c) 

(d) (e) 


