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Seabed Mapping Examples 



Acoustic Principles 
- backscatter from bottom is used to determine depth and 

derive bathymetry 

- metrics from the echo envelope or amplitude can be 
used to classify substrate types or ‘habitats’ 

- Categories: surficial seabed classification, sub-surface 
seabed classification, or sub-bottom profiling 

- Habitat: 1 m below bottom to 1 m above bottom 

- backscattered energy represents substrate type 

- all substrate types have an equal probability of being detected 

- classification categories are repeatable 

Assumptions 



- Categorize and map topography, geology, sediment, vegetation 
- Assemble historical data 
- Characterize species-specific habitat* models 

Classification Objectives 

*habitat: ecological or environmental area occupied by an 
organism, species, or population 

Classification origins:  
- correlate acoustic properties with surficial sediments (Nafe 

and Drake 1964, Morris et al. 1978) 
- wider use with commercial system availability: singlebeam 

echosounder, sidescan sonar, multibeam sonar  



Classification Criteria 
Surface properties: grain size, density/porosity 

Roughness: regular or irregular (affecting echo coherence) 

Biological properties: vegetation (not used in all) 

Coherent: return energy equivalent to pulse duration (hardness of sediment) 
Incoherent: any other energy after this time (roughness of geology) 

~20o 

nadir 

Mud Gravel 



Steps in Acoustic Seabed Classification 

Features: energy, angle-dependent 
energy, autocorrelation 

cf. Table 5.3 ICES CRR 286 



Modeling Seabed Habitats 
Variables used in seabed models: 

Scattering models used: 
 
Empirical approaches: smooth impenetrable, random rough impenetrable, 

stochastically rough 
 
Theoretical approaches: smooth penetrable, multilayered bottom, refractive 

bottom, rippled bottom 
 

cf. Horton 1971 



Data Classification 
Supervised: reference samples to train system  

Unsupervised: raw data statistically analyzed to define categories 

Methods: 
empirical samples, ordination (PCA, FA, CCA), clustering (k-
means), discriminant analysis, AI (neural networks, genetic 
algorithms), textural analysis (for optic data) 



Scale-Dependent Pattern 
observed patterns function of measurement resolution, including 
beamwidth and range of measurements 

What constitutes a sample? independence 
- Autocorrelation 
- Geostatistics: semi-variogram 
- Frequency domain: spectral analysis, wavelets 



Arbitrary Scales 

Greene et al. 1999 

- perceived alignment with environmental features 



Seabed Classification Systems 



RoxAnn 



RoxAnn Algorithm 

E1:  roughness (incoherent) 
 ratio of echo amplitudes 
E2:  hardness (coherent) 
 acoustic impedance (units volts) 

Two metrics with biological interpretation 

cf. Chivers 1990 



RoxAnn + Acoustic Application 

Reid and Maravelias 2001 

- port one quadrant from 
EK500 to RoxAnn software 
for classification 

- looking for association 
between herring schools 
and substrate 



Questor Tangent Corporation: QTC 

• Digitize signal 

• Extract features: echo envelope metrics 

• Reduce data: PCA of all measures (ordination) 

• Identify clusters: group sample points 

• Assign classes: label categories 



Questor Tangent Corporation: QTC 
Algorithm 1 

Algorithm 2 

Algorithm 3 

Q3 

Q1 Q2 

Q-Space 

Trackplot 



BioSonics: Visual Habitat, Visual Bottom 
Typer, Submersed Aquatic Vegetation  

Submerged Aquatic Vegetation 



Visual Bottom Typer 
Bottom Classification Metrics 

B2 - First/Second Bottom Ratio 
(~ E1) 

B3 - First Echo Division  

B4 - Fractal Dimension  



Echoview Habitat Classification 
Supervised or unsupervised classification using ordination and clustering 



Data/Category Verification 
Characteristics: physics - geology, biology - epibenthos 

Qualitative or semi-quantitative:   
1. optics on platforms - drop platform, towed platforms,  ROV, 

AUV, diver-deployed, sediment profile imagery (SPI) 
2. Trawls and Dredges – beam trawls, rock dredge 

Quantitative:   
1. grabs and cores – van Veen, boxcore 
2. Trawls and Dredges – beam trawls, rock dredge 

Sediment 
profile imagery 

system and 
image 

van Veen 
grab 

 
 

boxcore 



“those waters & substrate necessary to fish for 
spawning, feeding or growth to maturity” 

 

‘necessary’ = habitat required to support a sustainable fishery and 
the managed species’ contribution to a healthy ecosystem 

Essential Fish Habitat (EFH) 

 MSFCMA mandates fish habitat studies 
  characterize EFH 
–  adverse impacts (including fishing) 

 EFH adds a new management dimension 
– before: how many fish?  harvest levels? 
– after: numbers & locations of fish & harvest process?  

 EFH scope is enormous! 
– all managed species, all life history stages, prey  
– descriptions must be in environmental terms 



Habitat Marine Protected Areas 



Management-Oriented Research 
Scientific Objective:   Explain the distribution & abundance of fish using 

quantitative models 
Management Goal:   Maintain healthy ecosystems and sustainable fisheries 

1) Protect sensitive habitats from fishing 
2) Plan for environmental change (LOSI, pH) 



FISHPAC Cruise 
Eastern Bering Sea, 2012 

Cruise Plan 
• Repeated surveys with 5 acoustic systems 

• 2 (acoustic) + 1 (groundtruth) passes along 5 
transects over 26 bottom-trawl-survey stations 

Alaska 

Results 

Instrument Total sampling units  

Reson 8160 multibeam 1668 nm  

Reson 7111 multibeam 1749 nm  

Klein 5410 side scan 645 nm 

Klein 7180 LRSSS 645 nm 

SEABOSS grab (infauna) 25 stations sampled 

SEABOSS grab (sediment) 25 stations sampled 

SEABOSS still photos 13 stations 

TACOS video 20 stations 

FFCPT drops 28 stations (92 drops) 

NOAA ship 
Fairweather 

~3.7 TB of data simultaneously collected to 
support fish-habitat research & update nautical 
charts for an area with outdated or non-existent 

information. 
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Long Range Fisheries Sonar 
Klein 7180 

• Octans III MRU 
• Doppler Speed Log 
• USBL responder 
• Controllable depressor, tail 

Nav Systems 
• Sidescan (180 kHz) 
• Single beam (38 kHz) 
• Nadir-filling sonars (180 kHz) 
• Ancillary sensors 

Instruments 
• 1200 m max. swath 
• Tow speed 7.5 kts (12 max) 
• Resolution 12.5 cm (cross) x 50 

cm (along-track) 

Features 

Length: 3.3 m 
Weight: 457 kg 

Produces quantitative backscatter (fully normalized) and co-registered bathymetry (interferometry) 



Seabed Classification Comparison 

Reson 8101 multibeam Klein 5500 side scan 

Classified with QTC Sideview Classified with QTC Multiview 



Groundtruth Systems 
Complementary information to interpret acoustic data & biological responses 

SEABOSS (still & video cameras, van Veen)  TACOS 

Free Fall Cone Penetrometer 

Video mosaics Sediments, infauna, still images, video 

Geotechnical data underway 



Update EFH Models & Revise FMPs 

– Process 2012 data 
– CPUE : backscatter analysis for each sonar 

(“benefits”) 
– Evaluate relative costs 

 
– Status – cruise scheduled August 2016

– Satisfactory endpoint? 
– Consider “next-gen” variables (FFCPT, CDOM, chl-a, 

particulates) 
– Initiate Gulf of Alaska, Aleutian Islands 
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