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Chapter 9 Highlights 
Outlines data collection and data processing protocols for echo sounding data collected during boat-
based surveys, and provides a brief summary of results 

Context1 
Part III of this report focuses on boat-based surveys for wildlife in the offshore environment, including 
methodological reviews and data analyses. Most chapters within this section deal directly with the 
survey data itself (i.e., observations of marine birds, mammals, and sea turtles). While collecting survey 
data, however, various environmental covariate data were simultaneously collected, including sea state, 
sea surface water temperature and salinity, and hydroacoustic data. 

This chapter focuses exclusively on the collection and data management of hydroacoustic data collected 
on boat survey transects, and provides a simple summary of results. These data provide us with the 
relative abundance of underwater biomass, and can be used to approximate prey (i.e., fish and 
plankton) biomass availability to seabirds and other marine predators. Chapters 10 and 11 of this report 
use these data to examine the spatial relationships of foraging seabirds and acoustically detected prey. 

Study goal/objectives 
Estimate the relative abundance of hydroacoustically detected biomass along boat survey transects, 
using a scientific echo sounder. 

Highlights 
• Data were collected along boat survey transects during 16 surveys conducted between 2012-

2014, using a Simrad EK60 echo sounder unit (Kongsberg Maritime AS, Horten, Norway). 
• Raw data were processed using Echoview 5.3 (Myriax Software Pty. Ltd., Hobart, Australia). 
• Data were integrated by 1 x 500 m cells across the depth and length each survey, calculating a 

biomass index value per cell. 
• Total biomass varied widely both within and between surveys, indicating a high level of spatial 

and temporal variation of prey biomass abundance across the study area and throughout the 
year. 

• The mean depth of biomass did not vary significantly between seasons. 
• Total biomass was higher in nearshore areas in the summer and fall, and in the southern end of 

the study area during winter surveys.  

                                                           
1 For more detailed context for this chapter, please see the introduction to Part III of this report. 
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Abstract 
This chapter outlines the methods used in the collection and processing of hydroacoustic echo sounding 
data collected as part of the Mid-Atlantic Baseline Studies Project, and provides a basic summary of 
results. Hydroacoustic data were collected during 16 boat-based surveys offshore of Delaware, 
Maryland, and Virginia, USA between 2012 and 2014, using a Simrad EK60 echo sounder unit. Raw data 
were processed by trained personnel using Echoview 5.3 software. Data were filtered to remove small 
particles, surface noise, bottom substrates, and anomalous data. Data were integrated into 500 m cells 
across the length of each survey and 1 m depth strata, calculating a biomass index value (Nautical Area 
Scattering Coefficient; NASC) per 1 x 500 m cell. Due to removal of surface noise and bottom substrates, 
data are limited to the water column between 2 m depth and the bottom substrate, and do not include 
surface and benthic biomass. Total biomass varied widely both within and between surveys, indicating a 
high level of spatial and temporal variation of prey biomass (i.e., fish and large plankton) abundance 
across the study area throughout the year. Total biomass was higher in western parts of the study area 
in the summer and fall, and in the southern end of the study area during winter surveys.  

Introduction 
Non-invasive, quantitative estimates of fish abundance and aquatic biomass have been made possible in 
recent years with the development and subsequent improvement of acoustic echo sounding hardware, 
including split- and multi-beam transducers employing echo-counting and interpretation software. 
During the past decade, the development of stable, scientific echo sounders, multi-frequency 
applications, new transducer deployment techniques, standardized calibration procedures, and more 
realistic models of the sound-scattering properties of biological targets have improved accuracy of 
biomass estimations (Rudstam et al., 2013; Simrad, 2012).  

While conducting boat-based surveys for higher trophic level wildlife (birds, marine mammals, sea 
turtles, and other taxa) in the mid-Atlantic region, we employed echo sounding technology in order to 
estimate the biomass and size classes of aquatic prey species (fish and zooplankton) present beneath 
the survey vessel. The echo sounder sends acoustic signals into the water column and detects resulting 
backscattered energy reflected from fish and other objects. Data from the Simrad EK60 scientific echo 
sounder were automatically processed using appropriate software, manually vetted, and integrated and 
summed by distance and depth intervals in order to estimate the contribution of backscattered energy 
from all targets within each sampling volume. These data were subsequently used to calculate estimates 
of fish size class and biomass by area and by volume along the survey transects. 

Data collection 
Hydroacoustic data were collected during all 16 boat-based surveys, totaling 66 of 68 survey days. Data 
were not collected during the boat-based surveys conducted on February 3 and June 18, 2013 due to 
errors with equipment and surveyor oversight. Data were collected using a Simrad EK60 scientific echo 
sounder unit with a hull mounted 120 kHz split-beam transducer, transceiver, and a laptop computer 
with Simrad-ER60 echo sounder software, run off an external marine battery. A Garmin Map60CSX GPS 
(Garmin International, Inc., Olathe, KS) was attached to the data collection computer for georeferencing 
the echo sounder data. Transducer settings can be found in Table 9A-1. The unit was calibrated using a 
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tungsten carbide calibration sphere in a monofilament harness, following calibration guidelines given in 
the Simrad EK60 reference manual (Simrad, 2012). 

Data processing 
Raw data files were processed by trained personnel at BRI or Aquacoustics, Inc. (Sterling, AK). Data files 
were post-processed using Echoview 5.3, and the results summarized in Microsoft Excel. GPS data were 
reviewed to ensure spatial referencing was complete and accurate, and hydroacoustic data were 
calibrated for the speed of sound and absorption coefficients using mean sea surface temperature and 
salinity values collected every 30 minutes during boat-based surveys (Chapter 7).  

Several steps were taken to filter and exclude data within the Sv fileset echogram that were generated 
from sources other than fish or zooplankton biomass. The Sv echogram is a visual representation of the 
volumetric backscattering of hydroacoustic signals sent and received by the echo sounder (Echoview, 
2015). Data were initially filtered at -60 dB to exclude very small targets (< 2 cm) and low-intensity 
surface noise. A surface line was drawn at a depth of 2 m below the water surface (roughly 0.8 m below 
the surface of the transducer), and a bottom line was generated at roughly 20 cm above the ocean floor. 
Within the Sv echogram window, the bottom line was manually edited to exclude the bottom substrate 
and targets indistinguishable from the bottom substrate, as well as to ensure that the line was 
continuous from the beginning to the end of the survey. All backscattering signals occurring above the 
surface line or below the bottom line were excluded from analysis. Additionally, the Sv echogram was 
reviewed in order to exclude anomalous data from analysis, such as surface disturbances, non-fish 
objects, or other anomalies. After manual review, and per the recommendation of fishery acoustics 
specialists at Aquacoustics, Inc., data from surveys conducted in August, September, and October of 
2013, and data for depths ranging from 25-40 m in April and June of 2012 were filtered at -54 dB rather 
than at -60 dB, to compensate for high densities of abnormal low-frequency signals possibly caused by 
small invertebrates or suspended particulate matter (D. Degan pers. comm.).  

The Sv echogram was integrated by 1 m depth intervals (or “layers”) and 500 m distance intervals (or 
“intervals”), calculating the mean volume backscattering strength (Sv Mean), the area backscattering 
coefficient (ABC), and nautical area-scattering coefficient (NASC) value for each 1 x 500 m cell within the 
survey, among other variables and coefficients (Table 9B-1). Frequency distributions of ABC values were 
plotted and outliers were reviewed to ensure that the resulting ABC values were representative of 
biomass rather than an error in data filtering.  

While the Sv echogram represents volumetric backscattering, the Single Target echogram represents 
individual targets (i.e., fish or large plankton) derived from single points. The Single Target echogram 
was also reviewed and integrated using the same exclusion criteria (surface line, bottom line, and 
anomalous data regions) established while vetting the Sv echogram. Single target detection variable 
properties defined prior to integration are listed in Table 9A-2. 

The resulting integrated data gives the estimated number of individual targets per cell, as well as each 
target’s compensated target strength (TS Comp) value. The length of each target (cm) was calculated 
using a simplification for Love’s dorsal aspect equation for 120 kHz frequency (Love, 1971): 
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Length = (10(TS_Comp + 26.1)/19.1)•100 

Additionally, the backscattering cross-section (σbs) value for each target was calculated using the 
following equation (Echoview, 2015; Simmonds and MacLennan, 2005): 

σbs = 10(TS_Comp/10) 

The ABC value, Sv Mean, and mean backscattering cross-section value by layer (𝜎𝜎 Rbs) were then used to 
calculate aerial density (number of targets/m2) and volumetric density (number of targets/m3) for each 
cell within the survey, using the following equations (Echoview, 2015; Simmonds and MacLennan, 2005): 

Aerial density = ABC/(𝜎𝜎 Rbs) 

Volumetric density = 10(Sv_Mean/10) /(𝜎𝜎 Rbs) 

Data for each survey-day were processed separately and combined in a unified Microsoft Access 
database after undergoing QA/QC procedures outlined below. 

Quality assurance and quality control (QA/QC)  
For each survey-day, the following post-processing steps were implemented to ensure that data within 
and between each survey were processed consistently and accurately: 

1) GPS data were reviewed to ensure that correct spatial data were assigned to each dataset; 
2) Calibration files were reviewed to ensure that correct temperature and salinity data were used 

in determining speed of sound and absorption coefficients; 
3) Sv echogram cells with the highest ABC values were reviewed to ensure that values were 

representative of biomass; and  
4) Integrated data were examined by interval and layer to look for instances where biomass was 

identified in Layer 3 (from 2-3 m in depth), and no biomass was identified in Layer 4, as this 
pattern may indicate the presence of surface noise that was not completely excluded from 
analysis. In these instances, the corresponding cell within the Sv echogram was reviewed to see 
if the values were representative of actual biomass. 

If corrections were made during any of these four steps, cell integration of Sv and Single Target data as 
well as subsequent calculations were performed again, and corrected data were incorporated into the 
final dataset.  

Additionally, surveys conducted on January 1-3, 2013 were independently analyzed by a BRI analyst and 
a fishery acoustics specialist from Aquacoustics, Inc., to determine the repeatability and comparability of 
analyses. This comparison was conducted by an expert at Aquacoustics, who concluded that analyses 
were highly comparable, and differences were within the expected margin of error. 

Data summary 
Data below are summarized by total NASC (m2/nmi2), or the NASC values summed across all depths 
within an interval or survey. This metric represents an index of total prey biomass in the water column. 
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We chose to use this metric rather than fish density estimates as we are interested in representing total 
prey availability rather than estimated densities or numbers of individual fish. Total NASC was 
moderately variable between individual surveys (Table 9-1). Total NASC values per survey ranged from 
11,667 in April 2014, to 1,501,620 in October 2013, with a mean (± SD) of 468,761 (± 377,811). Within 
each survey, Total NASC by 500 m interval was highly variable, indicating variable geographic 
distributions of prey biomass within the study area. For example, the mean total NASC per interval in 
October 2013 was 1,079, with a standard deviation nearly an order of magnitude higher (7,511). This 
spatial variability within surveys was typical across all surveys conducted (Table 9-1). 

Total prey biomass within the water column also varied geographically by season, with higher near 
shore distributions in the summer and fall, and higher distributions in the southern end of the study 
area during winter surveys (Figure 9-1). The mean depth of biomass (± SD) did not vary significantly 
between seasons, ranging from 13.3 (± 6.8) m in fall surveys to 18.5 (± 8.3) m in spring surveys (Figure 9-
2). 

Further analysis and caveats 
These data paint a picture of the distribution and relative abundance of prey biomass within the study 
area throughout the year. They can also be used in combination with the boat-based survey 
observations to examine the relationship between acoustically detected biomass and observed 
predators such as gannets, gulls, and terns (Chapters 10 and 11). However, several limitations of these 
data should be noted prior to further explorations and interpretation of predator and prey correlations. 
First, it is important to keep in mind that the top several meters of the water column were excluded 
from integration due to surface noise backscatter. Surface noise typically extended to 2 m in depth 
during calm conditions, so a minimum of the top 2 m of the water column were excluded across all 
surveys. The depth to which the surface noise extended varied with sea state, however, and there were 
many instances where surface noise penetrated to greater depths, commonly requiring exclusion of the 
top 4-6 m of the water column for several kilometers within a survey, and on occasion requiring 
exclusion of the top 10-12 m. Similarly, this technique does not measure the biomass of benthic biota, 
such as shellfish, as they cannot be distinguished from the bottom substrate within the echogram. Thus, 
species that forage exclusively within the top few meters of water (such as storm-petrels, Hydrobatidae) 
and species that forage on benthos (such as scoters, Melanitta spp.) are unlikely to show direct 
correlations with distributions of biomass as detected by the echo sounder. Even for species which 
forage within our surveyed water depths, the relevance of aquatic biomass distributions will vary 
depending upon the species composition and size classes present in the water column. We did not 
directly measure the sizes or abundance of fish and plankton that would be consumed by our target 
species (e.g., seabirds, marine mammals, and sea turtles), as “ground truthing” the hydroacoustic data 
would have required substantial additional resources (and was not the focus of this study). However, 
measured aquatic biomass can be used as an index of prey availability (Santora et al., 2011, 2009; 
Simmonds and MacLennan, 2005). The relationship between acoustically detected biomass and 
observed seabird predators, along with these limitations, are further discussed in Chapters 10 and 11 of 
this report.  
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Figures and tables 

 

Figure 9-1. Seasonal mean total NASC per 4.8 x 4.8 km BOEM lease block. a) Spring, March 1 – May 31; b) Summer, June 1 – 
August 31; c) Fall, September 1 – November 30; d) Winter, December 1 – February 28. Total NASC was calculated by summing 
NASC across all depths for each 500 m interval within each survey. Total NASC values were binned and averaged by lease block. 
Mean total NASC is categorized by quintiles for mapping purposes. 
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Figure 9-2. Seasonal mean depth ± SD of biomass within the water column. Total NASC by layer by season was calculated by 
summing NASC values within a layer across all survey intervals seasonally. Depth was weighted by the corresponding total NASC 
value in order to calculate the seasonal mean depth of biomass. Spring: March 1 – May 31; Summer: June 1 – August 31; Fall: 
September 1 – November 30; Winter: December 1 – February 28. 
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Table 9-1. Total NASC by survey and interval, representing an index of total prey biomass within the water column. 

Survey Total NASC 
by Survey 

Total NASC by Interval 

Mean SD Min. Max. 
Survey 1 

April 2012 
266,704 199 1,266 0 20,762 

Survey 2 
June 2012 

327,131 203 1,475 0 44,376 

Survey 3 
August 2012 

237,947 168 987 0 18,270 

Survey 4 
September 2012 

697,377 497 1,888 0 31,218 

Survey 5 
November 2012 

390,328 272 602 0.009 10,188 

Survey 6  
Dec. 2012/Jan. 2013 

678,388 501 2,210 0 37,824 

Survey 7 
Jan./Feb. 2013 

156,171 164 1,274 0 19,748 

Survey 8 
March 2013 

292,055 216 1,482 0 42,381 

Survey 9 
May 2013 

208,940 149 1,662 0 59,263 

Survey 10 
June 2013 

160,481 154 466 0 5,527 

Survey 11 
July/Aug. 2013 

245,312 176 821 0 15,602 

Survey 12 
September 2013 

721,390 529 1,497 0 27,431 

Survey 13 
October 2013 

1,501,620 1,079 7,511 0 123,833 

Survey 14 
December 2013 

699,640 510 3,887 0 96,674 

Survey 15 
Jan./Feb 2014 

905,020 653 8,673 0 209,625 

Survey 16 
April 2014 

11,667 9 59 0 1,345 
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Supplementary material 

 Transducer settings and integration variable properties Appendix 9A.
 
Table 9A-1. Split-beam transducer settings used while collecting hydroacoustic data during boat surveys. 

Field Name Setting 
Transducer draft (m) 0.000 
Sample interval (s) 0.000064 
Transmit power (W) 250.0 
Pulse length (ms) 0.256 
Transducer gain (dB) 27.000 
Sa correction (dB) 0.000 
Minor-axis beam width (degrees) 7.000 
Major-axis beam width (degrees) 7.000 
Frequency (kHz) 120.000 
Two-way beam angle (dB re 1 Steradian) -21.000 

 

 

Table 9A-2. Single target detection variable properties parameters set prior to single target cell integration. 

Field Name Setting 
TS Threshold (dB) -60.0 
Pulse length determination level (dB) 6.0 
Minimum normalized pulse length 0.7 
Maximum normalized pulse length 1.75 
Beam compensation model Simrad LOBE 
Maximum beam compensation (dB) 6.0 
Maximum standard deviation of minor-axis angles (degrees) 0.6 
Maximum standard deviation of major-axis angles (degrees) 0.6 
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 Exported data fields and definitions Appendix 9B.
 
Table 9B-1. Sv data set field names and definitions. Definitions are adapted from the Echoview glossary, through personal 
communications with specialists at Aquacoustics Inc. (Echoview, 2015; D. Degan, pers. comm.). Fields marked with an asterisk 
(*) were added to the dataset and calculated post cell-integration. All other fields were exported during the cell-integration 
process. 

Field Example Definition 

Surv_Date* 11/4/2012 Date of survey. 

 ABC 1.04E-07 Area backscattering coefficient (m2/m2). Measure of area scattering 
rather than volume scattering. 

NASC 4.46 Nautical area-scattering coefficient (m2/nmi2). Scaled version of ABC, 
equal to 4π(1852)2(ABC). 

Sigma* 5.75E-06 

The back-scattering cross-section, or a measure of the backscatter 
strength from the target (m2), calculated using data from the single 
target dataset. The mean sigma value per layer per day (𝜎𝜎 Rbs) is presented 
here, and is used as a scalar when converting area and volume 
backscattering measurements to absolute numbers.  

Aerial Density* 0.0137 Aerial fish density in the region (number of fish per square meter for a 
given thickness layer). Calculated as ABC/(𝜎𝜎 Rbs). 

Volumetric Density* 0.0412 Volumetric fish density in the region (number of fish per cubic meter). 
Calculated as 10(Sv_Mean/10) /(𝜎𝜎 Rbs).  

 Thickness_mean 1.008047 The mean thickness (m) of an analysis domain (i.e., the average thickness 
of each layer within the 500 m bin). 

 Interval 1 The sequentially numbered 500 m survey segment by which data is 
binned. 

 Layer 3 The layer or stratum number of the cell being analyzed (e.g., the number 
of the domain layer, counting from the water surface downwards). 

 Sv_mean -55.74 
The linear mean Sv value for all samples in the 500 m bin, or domain, in 
(m2/m3). Another definition: the mean volume backscattering strength of 
the domain being integrated. 

 Height_mean 1.008047 

The mean height (m) of the domain layer across the 500 m interval, or 
the projection of thickness mean onto the vertical axis taking transducer 
geometry into account. Height mean and thickness mean are equal for 
this project, due to the orientation of the transducer. 

 Depth_mean 2.494063 The mean depth (m) of the domain layer across the 500 m interval. 

 Layer_depth_min 2 The minimum depth (m) of the domain layer across the  
500 m interval. 

 Layer_depth_max 3 The maximum depth (m) of the domain layer across the  
500 m interval. 

 Ping_S, Ping_M, Ping_E 15126 

A ping is the representation of the return signal (echo trace) measured 
after the transmission of a single acoustic pulse. Ping_S reports the 
sequential number of the first ping in the analysis domain (500 m 
interval) (S for start); Ping_M reports the number of the middle ping (M 
for middle); and Ping_E reports the number of the last ping (E for end). 

 Dist_S, Dist_E 499.867146 
The distance (measured by GPS, in meters) from the first ping in the 
survey to the first ping (S for start) of the 500 m interval, or from the first 
ping in the survey to the last ping (E for end) in the 500 m interval. 

 Date_S, Date_M, Date_E 20121104 The date of the first ping (S for start), middle ping (M for middle), and last 
ping (E for end) in the 500 m interval. 
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Field Example Definition 

 Time_S, Time_M, Time_E  10:49:40.70 
The time of day at which the first ping (S for start), middle ping (M for 
middle), and last ping (E for end) in the 500 m interval occurred. Time 
was recorded in GMT. 

 Lat_M 36.93391333 The latitude in decimal degrees of the middle ping in the analysis domain 
(i.e., the center latitude of the 500 m interval). 

 Lon_M -76.04724667 The longitude in decimal degrees of the middle ping in the analysis 
domain (i.e., the center longitude of the 500 m interval). 

 Exclude_below_line_depth_mean 15.421739 The mean depth of the bottom line, or exclude-below line, for the 500 m 
interval. 

 Minimum_Sv_threshold_applied 1 A value of 1 indicates that a minimum Sv threshold has been applied (see 
Minimum_integration_threshold), 0 indicates otherwise.  

 Minimum_integration_threshold -60 
The value of the minimum threshold entered on the Data page of the 
Variable Properties dialog box for the variable which was analyzed (dB re 
1m2/m3). For this project the threshold was set to -60 or -54 dB. 

 Maximum_Sv_threshold_applied 0 
A value of 1 indicates that a maximum Sv threshold has been applied; 0 
indicates otherwise. A maximum threshold was never applied for this 
project. 

 Exclude_above_line_applied 1 
A value of 1 indicates that the exclude above line has been applied; 0 
indicates otherwise. For this project the exclude above line was always 
applied.  

 Exclude_above_line_depth_mean 2 The mean depth (m) of exclude-above line across the 500 m interval. 

 Exclude_below_line_applied 1 
A value of 1 indicates that the exclude-below line has been applied; 0 
indicates otherwise. For this project the exclude below line was always 
applied. 

 Standard_deviation 9.20E-09 The standard deviation of all sample values in the analysis domain (1 x 
500 m cell). This is calculated in the linear domain (not the dB domain). 

 Range_mean 1.344063 The distance (m) between the mean depth of the layer, and the depth of 
the center of the transducer face, within the 500 m interval. 

 Exclude_below_line_depth_min 14.165446 The minimum depth of the exclude-below line (or essentially the 
minimum bottom depth) within the 500 m interval. 

 Exclude_below_line_depth_max 16.602294 The maximum depth of the exclude below line (or essentially the 
maximum bottom depth) within the 500 m interval. 
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