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Abstract: Automated image processing has the potential to remove one of the primary 
impediments on the use of image–based sampling in fisheries research, which is the large 
amount of time necessary to manually extract meaningful data from images.  The requested 
funding will support ongoing research into overcoming several major challenges in the 
automated processing of image data from aquatic environments.  Research efforts will continue 
current work on object detection from moving uncontrolled backgrounds, such as fish targets on 
rocky seafloor as seen from lowered cameras, species classification from images, and we will 
initiate a new research topic of automated fish behavior analysis based on target tracking.  These 
tasks will be undertaken in a modular fashion, and will be based on a variety of different image 
data (SD video, HD video, still images) making the resulting software generally applicable.  
Resulting software will expand on previous work of automated target detection, tracking and fish 
measurement to provide critical information for fisheries research.    
 
Introduction 
Optical instruments are rapidly becoming a standard methodology for use in fishery resource 
surveys and related research efforts. Projects using cameras accumulate high volumes of image 
data, which require substantial time to analyze.  Automated image processing is a rapidly 
developing field in many areas of science and industry (McLeod et al., 2010), and the challenges 
faced in marine image-based sampling are common to many other endeavors using images for 
quantitative work.  The recent ASTWG sponsored image processing workshop (IPW) 
highlighted the need within all six NMFS Science Centers for development of automated 
analysis systems to identify, count, and measure fishes and other organisms, as well as to 
facilitate habitat classification (Williams et al. 2012). With appropriate effort, automatic image 
processing systems can meet these challenges and improve resource use and efficiency within 
NOAA.  This proposal addresses automation objectives identified at the IPW, building on 
previous collaborative success of NOAA scientists and computer vision researchers that began in 
2009.   
 
  







 


Statement of Work 
The image processing topics proposed for software development reflect general needs 
throughout NOAA that were identified at the IPW. These needs will likely become critical over 
the next decade in order to extract useful data from the increasing number of projects using 
underwater imaging for scientific purposes.  For this reason, research into new automation 
techniques and adaptation of existing automation approaches from the computer vision research 
community to fisheries applications is an important and necessary step.  This proposal seeks to 
continue successful collaborations with computer vision software engineers, leveraging the high 
level of expertise and familiarity with state-of-the-art software techniques to benefit NOAA 
scientists using image-based sampling to assess and study marine environments. Earlier 
ASTWG-funded collaboration in FY2010 with Dr. Jenq-Neng Hwang at the University of 
Washington, Information Processing Lab (UW IPL) resulted in the delivery of automated 
segmentation, fish measurement, and tracking algorithms (Fig 1. Chuang et al., 2011) for 
CamTrawl (a trawl mounted quantitative imaging system; Williams et al., 2010).  The first year 
of the proposed work was funded in FY2012 and is currently supporting software development 
with IPL though September 2013.  
The focus of the first year iss the 
development of algorithms for 
automated species classification 
for CamTrawl and other image 
data, and detection of fish targets 
in images with complex, 
uncontrolled backgrounds such as 
ROV’s, drop cameras, and 
benthic sleds. This proposal seeks 
funding for the second year of 
this project to 1) complete 
development on these topics and 
2) introduce a third research 
objective of automated analysis of 
fish behavior based on  tracking 
objects in image data.   
1. Continued work on species classification  


Figure 1. Example of automated image analysis of Camtrawl data.  
Automated segmentation, tracking, and stereo correspondence allows 
counts and measurements to be extracted from image data.  Software was 
developed by UW Information Processing Lab 







 


Figure 2 – Example of classification scheme using Curvature Scale Space (CSS).  The derivation of CSS is 
explained in lower left inset.  Hierarchical approach shows CSS graphs for each class at three different levels of 
classification hierarchy.   


Automated fish species classification from underwater images represents a technically 
challenging endeavor with high potential returns to current image-based sampling programs 
throughout NOAA.  Funding for year 1 of this project is supporting rapid development of a novel 
approach using supervised classification with a hierarchical framework.  Automated species 
classification performance is often characterized by varying precision in results due to variability 
in image quality, fish orientation relative to cameras, and similar appearance among species 
(Wilder et al., 2012). A hierarchical analysis framework where the analysts specify the species 
groupings in higher levels of hierarchy can provide most robust classification from images, while 
avoiding forced assignments of species level classifications with high levels of uncertainty. An 
illustration of this principle from CamTrawl Images is shown in figure 2, based on a single 
feature extracted from fish objects consisting of a curvature scale space (CSS) shape descriptor 
(Abbasi et al., 1999).  Continued work will involve extracting many more features from the 


targets such as target size (available for stereo-image analysis), grayscale histogram, and texture.  
Another benefit of collaboration between computer vision scientists and biologists is 
identification of potential object features that may be specifically useful in separating fish 
species and are not part of the general approach to object classification.  For example, fish eyes 
(location, appearance, and size) are a distinctive and potentially exploitable feature for 
classification, as well as other morphometric characters such as fin shapes and body dimension  
ratios.  These types of metrics will be evaluated for their potential in discriminating between fish 
species.  The next step in automated classification is the selection of an appropriate classifier. 
Several classifiers will be evaluated, including random tree (Breiman, 2001) and support vector 
machine algorithms (Cortes and Vapnik, 1995).  For species classification work, several different 
data sets will be used to assess broader applicability of classification to the various types of 
image data within NOAA.  For example, segmentation of fish targets from a conveyor belt was 
recently completed at IPL in a related project and will be used as a secondary data set for 







 


automated classification (Fig 3).  Fish targets identified from drop stereo-camera will also be 
included in classification efforts.  Given the differences in the appearance of fish between these 
data sets, it is likely that different sets of features and/or classifier choices may be found to 
perform best for each set.  Final software for classification will therefore incorporate several 
options for processing, allowing successful segmentation of targets from a variety of image types 
and camera platforms .   
2. Segmenting fish from uncontrolled 
backgrounds 
A second topic for ongoing software 
development from the first year of 
the project is the detection of fish 
from images where background is 
highly patterned, such as rocky and 
coral reefs.  This problem was 
identified as key challenge in automated processing of underwater images at the IPW.   Several 
approaches detailed in the first phase of the proposal will be evaluated as part of the first year 
effort.  In brief, the technical approach for this work will evaluate both temporal (intra-frame) 
and spatial (inter-frame) techniques for detecting objects of interest in video sequences. First 
approach is best suited for moving targets (Aach et al., 1993), and can be applied in cases where 
the camera platform and the fish targets are moving against a complex background such as rocky 
habitat.  The spatial approach uses pattern recognition to locate fish in individual images and has 
been successfully applied by other projects within NOAA (i.e. Matai et al., 2010).  Key 
challenges for this approach are dependencies on specific fish morphotypes and fish orientations 
relative to the camera. We propose to train pattern based detection algorithms using  groupings 
based on similar body plans, such as percoid, gadoid, and flatfish types, rather than species level 
classes. This approach will evaluate the flexibility of pattern based approaches when applied to 
several species of similar appearance, for example, gadoids and smelts, as a precursor step to 
species level analysis performed by the classification work described previously.  By training 
algorithms with species groups rather than actual species level classes, more flexibility in this 
approach may be achieved allowing wider applications to different image-based sampling 
projects. 
 
3. Automated classification of fish behavior based on tracking  
Automated analysis of target behavior has been applied in the security monitoring field, where 
automated detection of potential security threats is highly desired.  We propose to adapt these 
approaches to fisheries data in a framework of statistical analyses using classifier algorithms to 
identify behavioral responses with associated likelihood of outcomes or events. Cameras are an 
important tool for observing fish behavior in situ, and have been used to study important aspects 
of fisheries science such as gear performance and bycatch reduction (e.g. Glass & Wardle 1989, 
Piasente et al., 2004).  Sampling gear performance is especially critical for fish abundance 


Figure 3. Automated segmentation of fish on a conveyor belt 
developed by UW Information Processing Lab 







 


surveys, where avoidance of or escapement from survey gears such as trawls can produce biased 
estimates of abundance (Williams et al., in prep).  Understanding the role of fish behavior in gear 
performance often requires observing large numbers of individuals, which in turn requires 
substantial analysis effort.  In some instances, results from these kinds of analyses are required 
on a timely basis, further increasing processing challenges.  With recent developments in live 
image transmission during trawling (Crowley, 2011), real-time analysis of fish behavior using 
automated approaches such as those proposed here could play a critical role in supporting 
adaptive trawling strategies to reduce survey bias and monitor performance of bycatch reduction 
devices. 


There are several specific applications for this work at AFSC.  One example is the 
Optical-trawl samplers (OTS; e.g. CamTrawl), where fish passing by cameras may exhibit 
several types of reactions that are pertinent to the interpretation of the image data during fisheries 
survey operations.  Specifically, image data can reveal size-dependent escapement of fish from 
the trawl (Fig. 4A), which results in biased size composition estimates from images/and or trawl 
catch.  In addition, it is important to identify fish that remain in front of the camera for prolonged 
periods of time, as they may be difficult to appropriately associate with specific trawling depths 
or acoustically observed aggregations due to the increased residence time in the trawl. 
Automated analysis of these individual movement patterns based on tracking increases the value 
of OTS data and reduces analysis 
efforts.  Fish reactions show how fish 
behavior is influenced by gear design, 
which is important in gear choice and 
design for surveys where they are used 
as scientific sampling tools, and in 
industrial applications where fish 
behavior is exploited to reduce 
bycatch and increase efficiency of 
capture of desired catch.  Studies on 
motion trajectories of fish in trawls 
(e.g. Kim et al., 2008) often have 
limited sample sizes due to the effort 
required to manually analyze the data. 
By automating this process, the 
number of observations can be 
increased allowing more accurate 
assessment of the conditions under 
which fish are most likely to exhibit behaviors of interest, such as escapement.  Motion 
trajectories could also be used to inform simulation models of fish movement in response to 
capture (Kim & Wardle, 2005) 
 


 
Figure 4. A: Juvenile pollock escaping the midwater survey 
trawl during an acoustic survey. B: Salmon exiting 
commercial pollock trawl using escapement openings 
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A second situation where automated behavior analysis can provide critical data is in monitoring 
performance bycatch exclusion devices in commercial trawls.  Recent work in developing 
salmon excluders in the walleye pollock fishery relies on image data to monitor the performance 
of the gear as well as estimate quantities of salmon escaping capture by the trawl.  Salmon 
excluder designs exploit differences in pollock and salmon swimming behavior to reduce salmon 
take (Fig. 4B).  As bycatch reduction designs evolve to increase their effectiveness, their 
performance must be evaluated, which requires substantial effort to observe how individual fish 
respond to trawl modifications.   


Automated analysis of images to detect, identify and measure fish targets, and track 
individuals across sequential image frames all constitute the base information needed from 
images to be able to automate analysis of behavior.  For this reason, this topic is introduced as a 
final piece in the series of automation components already developed or actively being worked 
on at this time.   


For fish behavior analyses, some additional information needs to be extracted from 
images after segmentation. We describe four methods that can be applied to this work, consisting 
of space-time information, frequency transform, local descriptors, and body modeling. Many of 
these methods were developed for analysis of human behavior, but the principles are applicable 
to the motion of any object.  The space-time volume (STV; Blank et al., 2005, Ke et al., 2007) is 
constructed by concatenating the consecutive silhouettes of fish objects along the time axis. The 
extracted 3D XYT volume (along x-y spatial coordinates and time) can capture the continuity of 
fish action. STV is generally limited on non-periodic activities.  In cases where some cyclical 
activity is of interest, the frequency domain information can also be exploited; for example, the 
discrete Fourier transform (DFT; Kumari & Mitra, 2011) can be used to represent information 
about recurring fish movements. STV and DFT are global approaches that consider the whole 
image, and are limited by viewpoint changes and occlusion of fish by other fishes or objects 
during their movement though the image space. To assist with these cases, methods that do not 
depend on complete segmentation will also be considered.  Local descriptors, such as SIFT 
(Lowe, 1999; Lowe, 2004) and histogram of oriented gradient (HOG; Dalal & Triggs, 2005), 
capture the characteristics of an image patch, i.e. a small subcomponent of the fish body such as 
the head or tail. This approach is more robust to background clutter, appearance and occlusions, 
and can be robust to varying fish orientation and range from the cameras. Local descriptors can 
however be limited, as they do not fully capture the whole fish body actions. To address this we 
propose to include 2D and 3D fish body modeling methods, which can aid in understanding body 
movements in occluded/obscured views (Kunz  & Hemelrijk, 2003; Ke et al., 2010; Ke et al., 
2011).  Applying these latter approaches also increases the precision of tracking and 
segmentation results by overcoming limitations of basic tracking in high densities of fish in the 
image.  


Fish behavior classification algorithms can be used used to recognize various fish 
activities based on the represented features. One such algorithm that will be explored in the 
proposed work is dynamic time warping (Veeraraghavan  et al., 2005; Sempena et al., 2011), a 







 


method for measuring similarity between two sequences that vary in time or speed, is one of the 
most common temporal classification algorithms due to its simplicity.  In cases where a large 
variety of different fish responses is expected, DTW may not be appropriate due to its reduced 
performance with a large number of classes with many variations. For these cases, probability-
based methods using generative models (dynamic classifiers) such as hidden Markov (Brand et 
al., 1997) and dynamic Bayesian network (Luo et al., 2003) are proposed. 


Resulting algorithms would find immediate application for CamTrawl system and salmon 
excluder work, although the algorithms could be applied to any situation where targets can be 
segmented identified and tracked with reasonable success.  In addition to these cases, 
developments may be well suited to other optical monitoring applications, such as fish 
approaches to traps or pots and reactions to artificial lighting from ROV’s and AUV’s (Stoner et 
al., 2008). The project authors would welcome additional image sets from within NOAA to be 
investigated for automated behavior analysis, under the discretion of ASTWG representatives 
from each NOAA fisheries science center. 


The recent automated image processing workshop sponsored by the ASTWG 
demonstrated the need for automation for a growing number of image-based sampling programs 
within NOAA, as well as possibilities for great advances in this area by building on established 
knowledge in other fields.  Automating image processing tasks through software developments 
will benefit multiple image-based sampling programs currently undertaken at the AFSC, and 
other similar projects throughout NOAA. By supplying the software development team with a 
range of image data, the resulting solutions will be flexible and generally applicable for a broader 
group of marine researchers using images to survey or observe marine environments.  An 
emphasis will be placed on making the proposed software products usable to researchers without 
a programming background by including a graphical user interface. With the growing need for 
developing non-lethal survey methods and expanding survey capability to encompass more 
components of the ecosystem, development of efficient methods of processing image data is of 
critical importance to present and future stock assessment and resource management efforts.  
Research efforts such as these represent an investment into technological solutions for NOAA 
operations, ensuring that resource assessments are utilizing the latest science in data collection 
and analysis. 
 
Relevance to the ASTGW directives and NOAA NMFS stock assessments 
The software products resulting from the funding of this proposal are relevant to several 
ASTWG objectives.  Automated tracking measurement and species classification of image data 
from Optical –Trawl devices enables these systems to become practical tools for acoustic and 
trawl surveys by reducing or removing processing time associated with extracting data from 
images.  In turn, OTS devices have to potential to significantly reduce uncertainty in acoustic 
surveys by providing high spatial resolution needed for classification of acoustically observed 
aggregations, making this project relevant for ASTWG objective #1 to identify and rank 
measurement and sampling uncertainties, and define gaps in existing LMR assessments. 







 


Similarly, automated behavior analysis will aid in recognizing situations where image and or 
catch data may be compromised by high rates of escaping fish.  The automation of fish detection 
in complex backgrounds will similarly increase the usability and timeliness of camera platforms 
currently side to assess untrawlable habitats, such as the AFSC drop stereo-camera.  This will 
lead to better understanding of the relationship between fish densities in trawlable and 
untrawlable habitats, which is considered to be a major source of uncertainty in bottom trawl 
surveys.  Objectives outlined in this proposal also directly address the second ASTWG objective, 
to develop and refine advanced sampling technologies, specifically research theme 2, by 
providing methodology for enumeration, and species identification based on optical advanced 
sampling devices.  The proposal also addresses theme 3, as image-based sampling systems are 
often used to enumerate animals in untrawlable areas that are also often not accessible to 
acoustic sampling due to the near-bottom acoustic dead zone.  By increasing the usability of 
these assessment methods, automated image processing techniques directly contribute to 
improved data for resource management and ecosystem studies.   
 
Expected results and probability of success – Year 2: 
Past ASTWG funded AFSC collaborations with computer vision experts at UW IPL have 
resulted in software products that are incorporated into current survey data analysis tools as 
standard operating protocol.  Previous software development was accompanied by continual 
monthly meetings between AFSC and UW to ensure projects are kept on track, to share results, 
and provide opportunities to exchange ideas relevant to the work.  We anticipate this pattern to 
continue in future work, with the delivery of software packages as they are completed and the 
dissemination of novel techniques in the form of publications in both fisheries and computer 
vision literature.  Since these efforts will make use of previously collected test data sets from 
CamTrawl collections, video and stereo-video drop camera surveys of rockfishes and corals, and 
video material collected inside trawls as part of fish behavior studies, software development can 
proceed at a rapid pace and is insulated from any required field work at this point.  
 
Project Schedule  and Milestones 
Time period Activity 
September - December 2012 Finalizing software development on species 


classification (topic 1) 
January 2013 Delivery of software module for species 


classification  
January – March 2013 Continuing development of routines for target 


detection from uncontrolled backgrounds 
(topic 2)  and testing on validated sets supplied 
by AFSC 


April 2013 Delivery of software module target detection 
from uncontrolled backgrounds 







 


May-August 2013 Initiate automated fish behavior analysis (topic 
3) using CamTrawl and salmon excluder video 


September 2013 Final software package delivery and 
manuscript preparation. 
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Budget (Year 1): 
Item Cost  Total  
Contract for software development 87,500  87,500 


      
Budget Justification: 
The funding amount reflects current cost estimates to support an individual software engineer or 
doctoral graduate student for one year.  Analyses will use existing data sources, and funds will 
not be required for collaborating NOAA researchers.   
 
CV’s for PI’s are attached below. 
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Abstract/Summary: A retrospective analysis suggested that as few as three bottom-moored 
echosounders can provide an index of abundance comparable to that produced by an annual 
acoustic-trawl (AT) survey conducted for stock assessment purposes. The primary uncertainty in 
the moored sounder approach is knowledge of the spatial-equivalent or spatial-representativeness 
of the mooring data, which is needed to design a mooring array (i.e., appropriate number and 
placement of moorings) capable of providing information suitable for stock assessments. Thus, 
the primary objective of the proposed work is to: 1)  develop and deploy three echosounder 
moorings within the Shelikof Strait, Alaska AT survey area, and 2) establish the spatial 
relationship, and associated uncertainty, between the mooring measurements and acoustic-trawl 
survey data by comparing the time-averaged mooring observations with periodic small-scale 
acoustic survey information.  We anticipate that an echosounder array approach will provide a 
cost effective method to measure the abundance of aggregated fishes to help offset ship-based 
acoustic survey needs throughout the Agency.   
 
 
Scope, objectives, and scientific merit of the work: Standardized acoustic-trawl (AT) surveys 
provide critical input to stock assessment modeling efforts and other management needs 
throughout NOAA. AFSC researchers, for example, provide AT survey estimates of the pre-
spawning pollock biomass as well as indices of age-1 year class strength for use in the Gulf of 
Alaska (GOA) pollock stock assessment model (Dorn et al. 2012). There is a recognized need 
within the Agency for the “development and use of sampling platforms to augment the FSVs to 
further improve the efficiency…of standardized surveys” (ASTWG Theme 5). The goal of our 
proposed work is to evaluate the use of an array of bottom-moored echosounders to provide 
similar stock assessment information to that produced by an annual AT  survey (conducted with 
an FSV), and thus reduce the frequency that the AT survey would need to be conducted. We 
anticipate that the moored echosounder  approach could make the FSV available for other 
research and survey priorities. The abundance of many fishes from other regions can be 
efficiently measured when aggregated in localized areas (e.g., Atlantic herring, Jech and 
Stroman, 2012; reef fishes, Taylor et al. 2006, De Mitcheson, 2008;  orange roughy, Doonan et 
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al., 2003; Arctic cod, Benoit et al., 2008;  Atlantic cod, Lawson and Rose, 2000).  Thus, the 
proposed approach will have widespread application. 
  Technological developments have reduced the cost and increased the endurance of 
autonomous echosounders, and they have proven to be effective tools for studies of behavior 
(e.g., Kaartvedt et al., 2009, Kaltenberg et al. 2010).  The technology can potentially be used to 
generate low-cost abundance indices of fish from areas where they aggregate for spawning or 
other purposes (e.g., feeding).  However, methods are needed to evaluate the number and the 
geographical placement of the moored echosounders required to provide a useful abundance 
index estimate over the area of interest (e.g., traditional AT survey area).  


The major outstanding question regarding the utility of moored echosounders for 
abundance estimation concerns the degree that temporally averaged measurements from 
stationary instruments represent the density of fishes over a wider area. Specifically, stationary 
echosounders provide high temporal resolution at a single point in space compared to ship-based 
surveys, and the time-averaged measurements of fish movements past a stationary sensor 
represent the abundance over a broader area than the relatively small sampling volume of a 
stationary instrument (e.g., Brierley et al., 2006). Knowledge of this spatial-extent or spatial-
representativeness of the mooring data is critical for the design of a mooring array (i.e., 
appropriate number and placement of moorings). Thus, the primary objective of the proposed 
work is to establish the relationship (and associated uncertainty) between temporal averaging of 
the stationary measurements and the areal size of the local fish density estimates that the 
averaging represents. The GOA Shelikof Strait pre-spawning walleye pollock AT survey will be 
the test bed for the proposed work. The survey’s extensive data time series facilitates a 
retrospective analysis to initiate a mooring array 
design. Additionally, the importance of the survey to 
the GOA pollock stock assessment makes this survey 
ideally suited for the study as described in the next 
section.  


The proposed work addresses ASTWG 
Theme 5 as it will establish the feasibility of 
producing abundance estimates that will augment 
those from ship-based surveys. For example, it may 
be possible to conduct the Shelikof AT survey 
biennially or less frequently if the bottom-moored 
system can supply abundance index information 
suitable for the stock assessment needs. The ship 
time saved can be redirected to other important 
research or survey activities, which need vessel time 
or are currently being conducted with chartered 
vessels.  Although the proposed work focuses on 
pollock, the results are of national importance, as 
many of the NMFS Science Centers use AT surveys to 
conduct assessments of fishes that aggregate.  
 
Technical approach, expected results and probability of success: We propose to deploy 3 
trawl-resistant bottom moorings with upward-directed echosounders to generate a pollock index 
of abundance in Shelikof Strait during the spring spawning season (Fig. 1).  The mooring 


Fig. 1. Study area showing acoustic survey 
trackline and location of 3 proposed 
mooring sites at ~275 m bottom depths. The 
insert shows a typical pollock backscatter 
pattern observed in Shelikof Strait pre-
spawning surveys. 
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locations were determined based on an analytical method we developed to optimize placements 
of moored echosounders by retrospective analysis of the AT survey data. This analysis consisted 
of gridding the survey area into 7×7 km blocks, and computing the mean backscatter within the 
block for surveys spanning 2003 to 2012 (data were readily available for this period).  
Backscatter values were normalized by dividing by 
the total backscatter within each survey year to 
prevent high abundance years from 
disproportionately influencing the spatial analysis.  
Blocks with consistently high abundance in the 
time series were identified by ranking them based 
on the among-survey mean divided by the among-
survey standard deviation for each block.  A time 
series based on AT survey data since 2003 from 
only the top 3 ranked blocks (locations  in Fig. 1) 
was remarkably similar to the total AT survey 
estimates of pre-spawning pollock in Shelikof Strait 
(Fig. 2). About 94% of the variance in the AT survey 
time series would be captured by moorings in these 3 
locations, assuming that the proposed mooring time-
averaged data (e.g. over days to weeks) contained 
equivalent information as the length of AT track line 
contained with each block (~ 20 km; Fig. 2). Even if the equivalent content of the mooring were 
only 1 km of AT survey data (i.e., the closest 1 km to the mooring site is averaged rather than the 
20 km in Fig. 2), ~ 50% of the variance is still explained.  


The proposed work will essentially answer whether an actual mooring measurement is 
comparable to 1 km, 20 km, or some other amount of AT survey trackline. To determine the 
spatial sampling dimension of a moored echosounder in this environment, small-scale acoustic 
surveys will be repeated in the area of each mooring during the February-April spawning season.  


 
Instrumentation:  We have examined existing echosounder designs, and find that there are no 
commercially available autonomous instruments suitable for collecting the high-quality data 
needed for generating estimates of fish biomass.  The primary requirements for such an 
instrument include prolonged autonomous deployment, long-term stability, well-established time 
varied-gain, and low pressure sensitivity of the transducer.  Additionally, a relatively low 
frequency is required to collect data with an acceptable signal to noise ratio over the required 
range (250 m) and minimize the contribution from zooplankton.   Although there is an 
autonomous echosounder on the market, current users raised concern about the performance 
characteristics of the instrument. Thus, we think that a new design specifically developed for 
autonomous fish abundance estimates is required for quantitative work. We have consulted with 
Simrad, the manufacturer whose scientific echosounders are used in most NMFS acoustic stock 
assessment work, and have developed plans for a low-power, high-quality, autonomous 70 kHz 
echosounder equipped with a transducer that is not highly pressure sensitive at the same cost to 
the project as the alternative instrument.  The data from the new instrument will have the same 
format as that from Simrad’s existing products, so no changes would be needed to standard 
analysis software. The frequency selection was driven by transducer requirements, including our 
need for a pressure-stabilized transducer.  A modification of the existing Simrad composite 70 


Fig. 2. Abundance indices from acoustic survey 
and three optimally chosen 7×7 km locations 
within the survey area, shown with circles in 
Fig. 1. Each location represents ~ 20 km of 
acoustic survey trackline.  
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Figure 3. Trawl resistant mooring with 
installed echosounder. The transducer will 
be mounted in a gimbal similar to that 
shown (inset). 


kHz transducer design was determined to be the best choice for the work.  The instrument will be 
built to our specifications, but will serve as the prototype for a commercial product which is 
intended to be a split-beam, and ultimately multiple-frequency.   However, the instruments 
developed for our proposed study will likely be single-beam as this will reduce costs and 
development times, and is sufficient for our initial needs.  Instrument components (e.g., batteries, 
data storage, and control electronics) will be housed in a 1m long, 17 cm diameter pressure case 
with an external transducer.   


In Shelikof Strait, and other areas where fish stock assessments surveys are conducted, 
there is an active fishery.  To minimize the probability of 
adverse impacts from the trawl fleet, the autonomous 
echosounder will be placed into a Mooring Systems, Inc. 
(Catumet MA) trawl-resistant bottom mooring equipped 
with an Edgetech acoustic release, floatation, and a 
transducer dual-axis gimbal (Fig. 3).  These low-profile 
moorings will be lowered to the seafloor and released to 
ensure that they are deployed in the right orientation at a 
known location.  To further minimize mooring damage 
or disturbance by commercial fishing operations, we 
will distribute a NOAA News Release to the 
commercial fishing industry through the Alaska NMFS 
Regional Office describing the project and mooring 
locations as well as provide this information during our 
AT survey briefings with industry representatives and the public. 


The echosounders will be field tested prior to use in Shelikof Strait, and will be calibrated 
at the deployment depth of 275 m before and after instrument recovery to account for pressure-
induced effects on the transducers (Dalen et al., 2003).  To calibrate the single-beam instruments, 
the echosounders will be removed from the mooring and will be mounted in tandem with an 
existing self-contained lowered 38 kHz EK60 echosounder developed by SWFSC/AFSC and 
lowered to depth with a 38.1 mm tungsten carbide standard sphere.  The split-beam positions 
from the EK60 will be used to establish the sphere location, from which the sphere relative to the 
70 kHz transducer will be computed (Demer et al., 1999), allowing for application of standard 
split-beam calibration procedures (e.g. Foote, 1987).   In the event that split-beam instruments 
are delivered to us, a similar procedure will be implemented without the EK60.  We will also 
attempt to deploy a sphere equipped with a float above the mooring (by releasing a spooled line 
with a dissolving magnesium link after mooring deployment), and analyzing the sphere 
backscatter over an extended period, which has proven very successful for moored echosounders 
(J. Horne, Univ. WA, Pers. Comm.). 
 
Field deployments and expected results:  The three moorings will be deployed in February 2014 
using the NOAA ship Oscar Dyson and recovered with a chartered fishing vessel 2.5 months 
later in mid April. Four small-scale (~8 h) acoustic-trawl surveys will be conducted in the 
vicinity of each mooring (Dyson Feb, Mar, Mar; Charter Apr). The Dyson has a 70 kHz 
echosounder.  For the charter vessel, the acoustic observations will be made at 38 kHz, and 
converted to the equivalent at 70 kHz using the frequency response of pollock  which is 0.3 (95% 
CI 0-0.5) dB higher at 38 kHz than at 70 kHz (De Robertis et al., 2010). 







5 
 


Figure 4. Hypothetical relationship expected 
between mooring and acoustic survey 
measurements when the mooring is averaged 
over intermediate time scales (i.e., averaging 
over time is equivalent averaging over space to 
some degree due to fish movement over the 
stationary moored echosounder).   


 


From the backscatter measurements, we will compute the standardized mean error of 
mooring-based predictions of AT survey backscatter (MPES,T) as a function of how large an area 
of the AT survey is aggregated (S, i.e., km2 surveyed), 
and duration (length of time) the mooring data are 
averaged (±T around ship survey), 𝑀𝑃𝐸𝑆,𝑇 =
��𝐴𝑇𝑆−𝑀𝑜𝑜𝑟𝑖𝑛𝑔𝑇


𝐴𝑇𝑆
��.  The estimates of the prediction 


error as a function of spatial and temporal averaging, 
will allow us to incorporate the errors into our 
analysis (e.g., Fig. 2) by recomputing the 
retrospective analysis with bootstrap error estimates 
parameterized based on the mean prediction error 
from the surveys. We anticipate maximum agreement 
between the AT and mooring survey at 10s of km2 
with moderate temporal averaging of the mooring 
data (i.e., days to weeks, Fig. 4).   


We will determine the optimal averaging 
window (i.e., the minimum in Fig. 4) and use this 
information with realistic MPE estimates to refine 
the array design of moored echosounders to generate 
a pollock abundance index.  Kaltenberg et al., 2010 
report (but do not demonstrate) in their study on sardines and anchovies that there is a high 
correlation among moorings arranged at the corners of a 4 km2 square and conclude, “that one 
mooring provides daily abundance data representative of sampling over at least 1 nmi2.”  Given 
that the pelagic species schools in their study were relatively patchy (Kaltenberg and Benoit-
Bird, 2010), one would expect that point measurements will be even more spatially 
representative for pre-spawning pollock in Shelikof Strait, which have a much more even 
distribution (e.g., Fig 1, De Robertis et al., 2010).  
 In addition to the spatial comparisons, we will conduct an analysis on the increase and 
decline of pollock abundance at the index sites over the spawning season in Shelikof Strait.  This 
will help us understand how the timing in the formation, duration, and dispersal of pollock 
spawning aggregations impacts biomass estimates.  This will also provide baseline information 
useful for designing additional experiments similar to those conducted on other species to 
evaluate impacts of spawning behavior on survey estimates of abundance (Robichaud and Rose 
2002). Survey timing has been demonstrated to be the major source of uncertainty in some 
surveys of spawning fish (e.g. O’Driscoll, 2004), and optimizing survey timing may be difficult 
because spawning timing can be variable (e.g., Lawson and Rose, 2000).  Repeated survey 
passes in Shelikof Strait, for example, have revealed that the pollock abundance and distribution 
can change substantially over ~2 weeks during the spawning period (Nelson and Nunnallee, 
1984).  Analysis of the time series from the autonomous echosounders will allow us to describe 
the temporal variability at the index sites, which can then be used to evaluate the effects of 
survey timing in the context of an overall survey error budget (O’Driscoll, 2004).  This type of 
direct measurement to describe spawning aggregation timing represents an advance over current 
practice for the Shelikof Strait survey where the proportion of spawning females is currently 
used as an indicator for appropriate survey timing.  However, the indicator may be misleading.  
For example, the proportion of Atlantic cod in spawning condition is not necessarily related to 
the abundance at spawning sites (Lawson and Rose 2000). 
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Anticipated probability of success:  Shelikof Strait is well-suited for autonomous acoustic 
measurements as the backscatter is relatively homogenous, and backscatter at ≤ 70 kHz (but not 
at 120 or 200 kHz due to the contribution from macrozooplankton) is dominated by walleye 
pollock, so species identification is not a major concern. Our retrospective analysis suggests that 
only a few moorings will be needed to generate a pollock abundance index comparable to that 
generated by the acoustic-trawl survey for the GOA pollock stock assessment in this 
environment (Fig. 2).  The results from our proposed work to evaluate the spatial extent of the 
mooring measurements will provide a definitive answer for the location and number of the 
moorings that are needed. If we find that additional mooring deployments and small-scale vessel 
surveys are required to accurately estimate MPE, we anticipate continuation of this project 
through collaboration with the Kodiak fishing industry (e.g., Cooperative Research Grant) in 
subsequent years to help defray some costs.   


The technical challenges of our proposed work are minimal. Simrad has a proven track 
record of producing high quality acoustic systems, which are widely used by fisheries 
acousticians internationally and within NOAA. Simrad representatives have informed us that our 
proposed study has provided the needed impetus for them to act on developing a high-quality 
self-contained echosounder and that any over-budget costs will be absorbed by them and not 
NOAA.  Trawl-resistant bottom moorings (e.g., Mooring Systems, Inc.) are commonly used for 
ADCP deployments, and we have been assured by MSI engineers that their use with 
echosounders should be straightforward. Expected products from the proposed work to facilitate 
the pathway for implementation to other Centers/regions where moored echosounders can 
potentially be used in place of ship-based surveys, will include a paper describing the 
methodology for mooring site selection, and the estimation of uncertainty in an abundance index 
as a function of number of moorings.  
 
Outcomes: This project has the potential to develop an innovative and efficient method to use 
autonomous echosounders to augment traditional ship-based acoustic surveys to assess 
aggregations of fish or other organisms in a wide variety of situations.  Our particular application 
focuses on walleye pollock that periodically concentrate in a restricted part of their habitat for 
spawning purposes.   Given that many other species aggregate in predictable and restricted parts 
of their habitat (Lawson and Rose 2000, Josse et al., 2000, Doonan et al., 2003, Taylor, 2006, 
Benoit et al., 2008, De Mitcheson et al., 2008, Ressler et al., 2009, Jech 2012), other situations 
likely exist where an autonomous echosounder approach could be used to augment ship-based 
assessment surveys.   In essence, the proposed work will establish a quantitative method to 1) 
determine the spatial sampling dimension of a moored echosounder, and 2) provide an estimate 
of uncertainty in the abundance index as a function of number of moorings. Although the work 
will be conducted in Alaska, the approach is general enough to have national relevance as there 
are numerous stocks that are amenable to acoustic assessment methods, and thus the application 
of the proposed study results will be valuable.  Notable project products are listed below. 


 
• Development of new instrumentation for autonomous monitoring of fish abundance.  This 


instrument will become commercially available after this study. 
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• Methodology to establish the potential suitability of a moored approach based on 
retrospective analysis of surveys (i.e., mooring area(s) selection, and development of 
uncertainty estimate based on historical survey data). 


 
• Potentially lower-cost autonomous measurement of fish abundance.  The majority of 


studies with moored echosounders to date have been behavioral studies, and the proposed 
application constitutes the first attempt to use the approach specifically to support a stock 
assessment. 


 
• Quantification of uncertainty in spawning surveys introduced by survey timing, which can 


be a major source of uncertainty but is often poorly known. 
 
• More efficient use of Fishery Survey Vessels (FSV). Implementation of moored 


echosounder approach to augment Shelikof Strait acoustic survey will mean FSV time 
could be reallocated from Shelikof survey to other important research or survey priorities.  
 


Transition to operations:  This project has a clear path to operations on both a regional and 
national basis.  In terms of walleye pollock in Alaska, the PIs are responsible for conducting both 
the GOA acoustic surveys to assess pre-spawning pollock as well as the GOA pollock stock 
assessment (see attached CVs) so an understanding of the proposed study results and their 
implementation into the assessment will be straightforward.  The project is designed to produce 
both an index of abundance comparable to the AT survey estimate and a quantitative evaluation 
of the uncertainty in that estimate, which are directly useable in the present assessment model for 
Gulf of Alaska pollock. The echosounder developed under the auspices of this proposal will 
become commercially available.  Analysis of data from these autonomous instruments is 
expected to be very similar to FSV Simrad echosounders, which will leverage existing NMFS 
staff knowledge.  Assuming the proposed project is successful, there will likely be applications 
for this approach outside Alaska, and we will help to transition the field and analytical methods 
to other NOAA Fisheries Science Centers. We will provide written documentation of mooring 
configurations and deployments, and will extend invitations to interested parties to participate on 
subsequent cruises using the proposed approach.   
 
Replies to Reviewers' Comments: 
Pros:  If successful, the full survey of pollock will be unnecessary!  
The moorings may ultimately provide sufficient information about the abundance and behavior 
of pollock in Shelikof Strait to allow more efficient vessel use by reducing the survey spatial 
extent or frequency that the survey needs to be conducted.  At the conclusion of this project, we 
will evaluate whether changes to the pollock survey are warranted.  As suggested in the next 
comment, it would be prudent to not assume a priori that pre-spawning conditions in Shelikof 
now and in the recent past will exist unchanged forever.  Thus, it will be important to 
periodically conduct the traditional ship-based AT survey of Shelikof Strait to confirm that the 
moored sounders are providing an index that is comparable to that from an acoustic-trawl survey.  
This is the same strategy that is employed when using opportunistically collected acoustic data 
from commercial vessels to generate an index of pollock abundance for the eastern Bering Sea 
during alternate years when a traditional MACE acoustic-trawl survey is not conducted 
(Honkalehto et al. 2011).   
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Cons:  Explain why the entire survey area must be sampled each year if the three small areas are 
sufficient to describe the abundance of pollock. The explanatory power of the three index areas 
depends upon the spatial and temporal stationary of the pollock distribution and seasonal 
migration. Provide evidence that the process is sufficiently stationary so that the three stations 
will continue to be informative.  
The fact that a small subset of the survey area was highly correlated with the entire survey data 
set was a very recent and exciting discovery, which prompted submission of this proposal. We 
view this observation as a positive finding and hope to capitalize on it to make more efficient use 
of vessel time for AFSC, and ideally for other Centers as well.  Analysis of the readily available 
data (since 2003) suggests that 60 km of acoustic trackline produces an index that is highly 
correlated with the entire survey over the past decade when the pollock stock exhibited a 
substantial change in abundance (Fig. 2).  We applied a relatively simple and intuitive criterion 
to identify these areas (i.e. select blocks that maximize the mean/stdev of abundance across the 
time series).  We would likely have generated a stronger relationship by searching for stations 
with the highest correlation, but felt that this would have little out-of-sample validity.  A 
combination of moored echosounder measurements along with periodic surveys and comparisons 
with the stock assessment model predictions will confirm that the moorings are providing an 
informative index of stock abundance. 
 
Add more detail in the proposal regarding modification of the 70 kHz system to fit into the 
bottom-mooring pressure housing.  
As described in this proposal, this will be a new acoustic system specifically built for this 
project. 
 
Describe the details of the calibration method.  
The two calibration approaches are described in the text and would include a standard sphere 
calibration at the deployment depths as well as a moored sphere suspended above each upward 
pointed echosounder during the actual deployments.  
 
This proof of concept study may be conducted using only one mooring. Consider proving the 
concept with fewer landers and less money. Consider a two-year proposal, ramping up to three 
moorings if the first mooring is successful; thus making the proposal more competitive. 
The results of our retrospective analysis identified three areas within the Shelikof survey area 
where data are needed to provide the strong correlation we observed.  There are several reasons 
for placing moorings in each of these areas during year one of the proposed study.  First, there is 
no reason to assume that conditions at all sites are similar.  For example, it may be that a single 
mooring will provide sufficient sampling coverage at two sites but not the third site.  With three 
available moorings we would not have to assume that one site (w/ mooring) is representative of 
the other sites (w/o moorings).  We would also not be forced to relocate a single mooring among 
the three sites during a single spawning season, or take multiple years to characterize the three 
sites.   Incidentally, if our proposed study results suggest that a single mooring provides 
inadequate coverage in one of our 3 areas as described in the scenario above, we would have the 
option (with 3 available moorings) in subsequent years to use up to three instruments at the site 
to evaluate whether we can obtain the needed level of coverage with the additional moorings.  
Secondly, if we are able to deploy all three instruments during year one of the study, we are one 
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step closer to providing an autonomous sounder-based index of abundance for Shelikof and thus 
closer to a decision to reallocate vessel time for more efficient use.  Finally, our proposed project 
requires the development of new instrumentation as no suitable device currently exists.  When 
we initially approached Simrad to build an instrument to fulfill our needs, we were informed that  
the difference in cost of 1 versus 3 units was relatively trivial compared to the development (i.e., 
R&D) cost.  Given the potential advantages that the use of three units would be to the project 
during year one, and the relatively modest savings that would result from purchasing a single 
unit, we have maintained our request for three units.  
 
Project Milestones/Schedule 


Task 2013 2014 
Trawl-Resistant Bottom Mooring (TRBM) field tests (Washington) Sept  
TRBM and autonomous echosounder field tests (Washington) Dec Jan 
Deploy moorings, small-scale Oscar Dyson surveys (n =3/mooring)   Feb-Mar 
Recover moorings, small-scale charter vessel survey (n=1/mooring)  Apr 
Data analysis, production of final report  Dec 
 
Budget and Justification:  


Item unit price units Cost 
Trawl-resistant bottom-mooring 4540 3 13620 


shipping to Seattle 300 3 900 
Edgetech Port LF-SD acoustic release  7300 3 21900 
Simrad autonomous echosounder system 40000 3 120000 
Shipping (to/from Kodiak, Alaska field location) -- -- 4000 
4-day charter vessel  9500 4 38000 
Travel for PIs to charter vessel 2500 2 5000 
Total   $203,420 
 
We request a total of $203,400 for three trawl-resistant bottom moorings with acoustic releases 
and custom-built echosounders.  Funds for a 4-day charter (April survey, mooring recovery) are 
required as the Oscar Dyson will be in the Bering Sea and unavailable in April 2014. We will 
request support for the charter vessel funds in FY14 via a Cooperative Research proposal (Dec 
2013 decision) with industry as part of the National Cooperative Research Program.  If that is 
successful, the amount requested from ASTWG will be reduced to $165,400. 
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Low-cost multibeam mapping to support habitat based groundfish assessment and 
deepwater coral research in the Gulf of Alaska 
 
Principal Investigators: Chris Wilson and Chris Rooper, Alaska Fisheries Science Center –RACE 
Division, Jon Heifetz, Alaska Fisheries Science Center – Auke Bay Laboratories, Tom Weber, 
Univ. of New Hampshire, Center for Coastal and Ocean Mapping 
 
Research Priority: Seafloor mapping 
 
Justification: Many of the scientific activities conducted by the Alaska Fisheries Science Center 
Science Plan are directed towards 1) maintaining and improving assessments of fish and crab 
species, and 2) assessing the role of habitats in supporting healthy ecosystems.  The seafloor 
mapping research we propose here supports both these Center goals, and addresses several of the 
NOAA Essential Fish Habitat (EFH) research themes in the Gulf of Alaska (GOA).  Our 
proposed work to develop maps of GOA seafloor characteristics addresses the EFH Habitat 
Characterization research theme to “census and map habitat features including offshore habitats.”  
Results of our proposed mapping work take the critical first step needed to address other EFH 
research themes such as EFH Utilization, EFH Productivity, and EFH Recovery Rates, which all 
require baseline information that describes fundamental habitat features of these critically 
important areas of interest.  Thus, this proposed low-cost seafloor mapping project will supply 
critical baseline information, which is needed to design and conduct other important EFH 
process-related research work in the GOA in the future.   
 
Assessments of rockfish and other groundfish species in Alaskan waters rely on standardized 
surveys (acoustic, bottom trawl and longline) to provide the data for fishery-independent 
estimates of relative abundance. The bottom trawl surveys in particular follow a stratified 
random sampling design. A problem for the accurate estimation of groundfish biomass using 
these surveys is the unknown (but presumed significant) amount of the continental shelf that is 
rocky habitat and consequently not fishable with the survey trawl (Cordue 2007).  There is 
considerable evidence that untrawlable habitats can have different species assemblages and 
abundances than trawlable areas (Matthews and Richards, 1991; Jagielo et al. 2003, Rooper et al. 
2007). Bottom trawl survey biomass is estimated by expanding catch per unit effort data across 
entire strata regardless of the proportion of untrawlable ground within strata (Wakabayashi et al. 
1985). Non-uniform distributions in habitat and fish abundance can have a significant effect on 
the accuracy and precision of bottom trawl survey biomass estimates for some species of 
rockfish (Cordue 2007). Thus, there is a need for low-cost methods to map rocky habitats and 
untrawlable areas to enable habitat-based estimation of abundances, which will improve 
assessments for groundfish species (particularly rockfishes).   
 
In addition, beginning in FY2012 the Alaska Region is expected to receive three years of funding 
for deep-sea coral research and assessment. These deepwater coral and sponge ecosystems 
(DCSEs) are important habitats for juvenile fishes and are potentially vulnerable to commercial 
fishing, oil exploration and other anthropogenic activities. One of the primary objectives of this 
coral and sponge program will be to determine the distribution of deepwater corals and sponges 
throughout Alaska and assess their role as habitat in supporting groundfish species. Past work 
has used biological and  bathymetric characteristics to model where corals and sponges may 







occur (Heifetz et al. 2007, Woodby et al. 2009).  Accurate seafloor bathymetry and substrate 
classification is vital to determine the distribution of DCSEs, and multibeam mapping is needed 
to produce these bathymetry maps. Of course, substantial mapping support at low-cost will be 
required to accomplish the goal of assessing the role of DCSEs in support of healthy ecosystems. 
  
Although the proposed research will ultimately support stock assessment activities, it has been 
submitted to the EFH program RFP call because of the wide application of seafloor maps in 
habitat research. The proposed project has specific goals of both improving fish assessments and 
determining the role of habitat in supporting healthy ecosystems and fish populations by 
generating maps of the seafloor to 1) estimate the amount of untrawlable habitat within the 
survey area (and ultimately, the associated biomass of fishes and invertebrates), and 2) identify 
regions likely to contain DCSEs (and subsequently their vulnerability to anthropogenic 
activities). Additionally, the development of a sampling protocol for low-cost mapping aboard 
the vessel of opportunity proposed here will be invaluable to subsequent habitat studies in the 
Gulf of Alaska. 
 
Project Description: This large-scale field study will map the seafloor using the Simrad ME70 
multibeam echosounder aboard the NOAA ship Oscar Dyson during the summer 2011 MACE 
acoustic-trawl survey of the GOA. The multibeam data will be analyzed to discriminate areas of 
different depth, slope, roughness and hardness in the GOA. The methods and analysis tools 
developed during the project will lay the groundwork for additional “opportunistic” ME70 data 
collections with the Oscar Dyson while the vessel is involved in various survey and research 
activities in the GOA in the future. 
 
Mapping fieldwork: Simrad ME70 multibeam mapping data will be collected aboard the NOAA 
ship Oscar Dyson during the GOA-wide biennial acoustic-trawl survey planned for June – 
August, 2011 (Fig. 1).  The system will be calibrated immediately before and after the survey.  
The Oscar Dyson will conduct the acoustic-trawl survey for walleye pollock and other dominant 
scatterers over the 
entire continental shelf 
from about the Islands 
of Four Mountains 
(170º W) to Yakutat 
(140º W) over a 
predetermined 
trackline. The 
uniformly-spaced 
parallel transects will be 
20-nmi apart, except in 
several areas where 
transects will be more 
closely spaced (e.g., 
Shelikof Strait, the east 
side of Kodiak Island, 
Yakutat Trough). 
Researchers will collect 







both water column and seafloor ME70 data along the predetermined trackline during the survey.  
In addition, and as time permits, ME70 fine-scale surveys (see below) will be conducted in two 
situations.  First, these surveys will occur over localized areas where seafloor information has 
been previously collected with other devices (e.g., cameras, submersibles, bottom grab samples) 
to provide independent seafloor observations to ground truth ME70-based seafloor descriptions 
in these areas.  Secondly, opportunistic, fine-scale ME70 surveys will also target localized areas 
having no ground truth sea floor data but which are suspected of being untrawlable (e.g., high 
relief, DCSEs) or characterized by some other unique habitat features (e.g., trough, canyon, 
bank) based on historical information from AFSC Groundfish surveys.  Stereo camera 
deployments to characterize the sea floor for comparison with ME70 data will be conducted in 
these latter areas.       
 
Ground truthing seafloor characteristics: Prior to the summer 2011 fieldwork, an assessment of 
available video and bottom trawl GOA survey data will be summarized to help ground truth the 
ME70 multibeam maps that will be generated from the summer 2011 acoustic-trawl survey data. 
The ground truth data summary is scheduled to be completed in spring 2011 by J. Heifetz, B. 
Stone and C. Rooper. This ground truth data summary will be completed as a part of the DCSE 
program, and will identify important areas of the GOA where multibeam data could be collected 
during the summer 2011 survey with matching ground truth data.  
 
Fine-scale sampling at ground truth sites: In addition to the large-scale summer 2011 acoustic 
survey mapping effort along survey tracklines, fine-scale sampling with the ME70 will be 
conducted in 1) areas where ground truth data are available, and 2) where historical bottom trawl 
survey information identifies locations of unique and varied sea floor habitat types to “test” the 
capabilities of the ME70 to properly characterize the sea floor. In the latter areas where ground 
truth data are not available to compare with the ME70 data, a lowered stereo camera system 
(similar to that described in Williams et al. 2010) will be used to provide this information.  (The 
camera data may also document the presence of animals associated with these habitats – see 
RACE companion project below).  Fine-scale sampling will be conducted at ~15-20 sites in the 
GOA with camera drops planned for about half of the sites. About 1-2 hrs is allocated to 
complete each fine-scale ME70 mapping survey and 2-4 hrs for the 1-3 camera drops planned at 
each of the non-ground truth area sites. 
 
Data analysis: Simrad ME70 multibeam acoustic data will be analyzed to determine seafloor 
characteristics including depth, slope, hardness and roughness of the seafloor. This analysis will 
be completed both for the large-scale GOA survey trackline and the fine-scale surveys.  
  
The stereo drop camera will be used to groundtruth the substrate type. Substrate types will be 
estimated using the methodology of Stein et al. (1992) and Yoklavich et al. (2000).  
 
The statistical approach will be to conduct a large-scale survey of the Gulf of Alaska with 
region-wide coverage. The relationships between multibeam derived seafloor characteristics and 
substrate type observed at both the existing ground truth sites and fine-scale sites that will be 
ground truthed during the 2011 survey (i.e., camera drops) will allow for a gulf-wide estimation 
of seafloor characteristics over the large-scale survey. The multiple ground truth sites will 
provide replication for the analyses.  







 
As part of a closely-related companion project supported by RACE, fish and invertebrate counts 
and species identifications will be determined at each of the camera sites. Calibrated stereo 
image capabilities of the drop camera will also be used to measure fish length and determine the 
life history stage for each fish species (Williams et al. 2010).  Simrad EK60 data collected during 
mini-surveys will also be used to estimate abundance of major scatterers in these areas, using 
standard acoustic survey methods (Simmonds and MacLennan 2005). With this information, 
species and densities of fish observed at the ground truth sites will be compared to those caught 
in the summer 2011 GOA bottom trawl survey and other available video studies (such as those 
conducted at boulder fields in the “Snakehead” area). 
 
Required Resources: The expenses for this project will be heavily leveraged by AFSC and UNH 
supported activities planned for 2011. A post-doctoral researcher at UNH will conduct the 
majority of the seafloor characterization data analysis and will participate on the MACE summer 
2011 GOA acoustic-trawl survey to assist with all aspects of the field data collections (e.g., 
acoustic, video). This post-doctoral researcher will be partially supported by UNH. The mapping 
data and samples will be collected at minimal cost from a survey of opportunity aboard the 
Oscar Dyson using existing acoustic equipment. Funding to construct the stereo video drop 
camera was provided by previous EFH and Advanced Sampling Technology Working Group 
proposals (in 2008 and 2009). Additional ground truth sampling can be conducted if needed from 
RACE 2011 Gulf of Alaska bottom trawl survey vessels. Thus, the resources required for the 
successful completion of the project will be minimal. 
 
The resources required to complete the field portion of this project will limited to equipment and 
supplies to support maintenance of the stereo drop camera (including supplies and upgrades of 
image acquisition hardware and lighting = $2,000), software license for multibeam data analysis 
($10,000), ME70 calibration downriggers ($3,500), travel ($5,000) and shipping of equipment to 
Dutch Harbor for the cruise ($1,900). Partial funding of the post-doctoral researcher and salary 
for T. Weber will also be needed ($45,000). The total necessary monetary resources will be 
$67,400.  
 
Expected Products: In early FY13, we expect that a final project report and manuscript for peer-
reviewed journal will be prepared describing the results of this study. A protocol for continuing 
collection of ME70 multibeam data aboard the Oscar Dyson will be developed and used by 
future survey and research activities in the GOA. Maps of the distribution of seafloor 
characteristics will also be produced and made available to managers and stock assessment 
scientists. 
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Project Title: Improving biomass estimates through habitat based surveys in the Gulf of Alaska 


Background: Groundfish stock assessments in the Gulf of Alaska (GOA) depend heavily on time series 
of estimated biomass from bottom trawl (BT) surveys conducted on a biennial basis. These BT surveys 
use stratified random designs where densities of fish from survey tows are expanded across stratum 
areas to compute biomasses (and variances). All locations within a stratum are assumed, in theory to 
have equal probability of being sampled. However, this is often not true in practice as survey strata in 
Alaska and throughout U.S. waters often contain substantial areas of untrawlable ground that cannot be 
sampled using research survey nets (Zimmermann 2003, Cordue 2007). The expansion of fish densities 
estimated from trawlable areas to untrawlable areas potentially results in both bias and imprecision in 
survey abundance estimates, depending upon the relative amounts of untrawlable versus trawlable 
habitat as well as the relative fish density differences in these two habitat types (c.f., Jones et al. in 
press).  Thus, to accurately assess groundfish populations, reliable estimates are needed of both the areal 
extent of untrawlable substrate within survey strata as well as the fish densities in both habitat types.  


Approach: We propose to generate rockfish (Sebastes spp.) density estimates in untrawlable (and 
trawlable) areas in the GOA to assess the potential impact that these estimates can have on stock 
assessment efforts.  We chose rockfishes as our focal species group because survey indices of abundance 
for rockfishes typically have high variance and their distribution typically encompasses untrawlable 
habitat. An acoustic-camera (AC) survey method, developed in 2009 as part of a North Pacific Research 
Board funded project, will be used to provide abundance estimates for the dominant rockfish species 
(Rooper et al. in press, Jones et al. in press) in untrawlable and trawlable habitats. The survey data will 
be collected in both habitats throughout much of the central and western GOA during fieldwork 
conducted in FY13 (see below).  The results will provide a basis for empirical estimation of the 
proportion of the population available to the RACE bottom trawl survey, which can help in estimating 
catchability in the stock assessment.  


The AC survey will be done in conjunction with the planned summer 2013 GOA biennial AFSC 
acoustic-trawl (AT) pollock survey to be conducted from the NOAA Ship Oscar Dyson. The AT survey 
covers the entire continental shelf from about 170°W (Island of Four Mountains) to  140°W (Yakutat 
Bay).  The AT survey is designed to collect acoustic and trawl data along parallel transects spaced 20 
nmi apart and running between the inner and outer shelf.  Unfortunately, there is insufficient vessel time 
during the AT survey to conduct a comprehensive AC rockfish survey over the entire AT survey area.  
Thus, a stratified-random AC survey design is proposed as an initial, cost-effective approach to 
characterize the difference in rockfish densities between untrawlable and trawlable areas.  The survey 
area west of Kodiak Island between bottom depths of 50 to 200 m will be divided into two strata 
(untrawlable, trawlable) based on information from the RACE bottom trawl survey, which has been used 
to delineate untrawlable areas in GOA.  Sites in each stratum will be randomly selected to survey using 
AC methods to estimate rockfish abundances with as little disruption to the AT pollock survey as 
possible.    


Details of the proposed sampling approach are as follows. The BT survey is conducted at stations on a 
grid of 5 km square grid-cells in the GOA. Historically, each assigned grid-cell has been designated as 







either trawlable or untrawlable based on qualitative interpretation of echosounder data observed aboard 
the chartered commercial fishing vessels during BT surveys or bottom trawl performance (von Szalay et 
al. 2010).  Our two strata (trawlable, untrawlable) will be formed from these classified grid-cells, and 
AC survey sampling will target up to 50 randomly selected cells in each strata.  The selection of the 
grid-cells will be constrained to cells that are located along the 20 nmi AT survey transects so that 
acoustic data collected during normal AT survey operations can be leveraged for the proposed work.  
Thus, acoustic and camera data located along AT survey transects within these grid-cells will be used to 
estimate rockfish densities (Jones et al., in press, Rooper et al., in press).  One to two stereo drop camera 
tows will be conducted in each grid-cell, and will target the observed fish acoustic backscatter. The 
proposed experimental design is flexible enough that the work could easily be expanded to additional 
sites that could be sampled using AC survey methods during subsequent AT surveys (e.g., summer 
2015) and to additional areas (i.e., eastern GOA) to refine our proposed summer 2013 estimates.  
Multibeam (Simrad ME70) data will also be collected along the AT survey trackline as methods are 
currently being developed with these data to quantitatively assess trawlability using seafloor backscatter 
metrics (Weber et al., in review). Analysis of the multibeam data will serve to more precisely 
characterize the trawlability of the seafloor where rockfish densities will be estimated during 2013.  For 
example, some portion of an “untrawlable” cell (based on BT survey classification methods described 
above) may, in fact, be reclassified as trawlable based on the more fine-scale multibeam results, and this 
new information may help to explain unexpected fish density levels encountered within a given cell. 


As there is no additional vessel time to conduct the AC survey during AT survey operations and 
insufficient staff resources and expertise to successfully complete the proposed study, we are requesting 
FY12 funds to support 50% of the cost (matching funds from UNH) of a fulltime post-doctoral position 
for 1 year beginning in spring 2013.  We also plan to request FY13 funds to purchase 6 additional days 
of Oscar Dyson ship time during the summer 2013 RACE AT survey to complete the proposed study 
(see Budget Justification below).     


Benefits: This project builds on our earlier work to assess rockfishes in untrawlable habitat, and will 
benefit stock assessments in several ways. Biomass estimates can be refined by accounting for 
untrawlable regions in the survey area to better estimate the survey catchability coefficient (q), which 
largely reflects the availability of the population to the survey gear.  Estimates of q for Alaska rockfishes 
are currently hypothesized to reflect the differential densities between trawlable and untrawlable 
habitats, and empirical data would improve specification of Bayesian priors on q.  Finally, methods 
developed here and knowledge gained through this and related studies can ultimately be used to begin 
time series of rockfish abundance estimates in untrawlable areas to complement traditional BT survey 
data. 


Deliverables: The deliverables at the conclusion of this two year project will be: 


• Density estimates of shelf rockfishes from trawlable and untrawlable areas based on 2013 
acoustic-camera survey results in conjunction with refined estimates of seafloor trawlability from 
multibeam (Simrad ME70) data.  


• Field based estimates of catchability (q) for shelf rockfish species. 







Budget: 


FY2012 Funds: 
50% cost of University New Hampshire Post-doc (1 yr) 58,710 


 Travel (UNH-AK) 2 ea for 2013 survey participation  5,000 
 XBT probes for summer 2013 survey – (15 cases)                               7,249 


Total FY 2012 Funding Requested: $70,959 
 
FY2013 Funds: 


  Ship time (6 Program Funded Dyson days @ $15k/day) 90,000 
 Total FY 2013 Funding Requested: $90,000 


 


Budget Justification: This will be a two year study. Funds are requested in FY12 to provide 50% 
support for a one year post-doctoral position to begin in spring 2013 to prepare for the summer 2013 
GOA survey.  These post-doc funds will be transferred to University of New Hampshire via a grant in 
FY12 to have those funds in place to support the post-doctoral position when needed in 2013.  The 
proposed acoustic-camera survey work will be conducted during the regularly scheduled summer 2013 
acoustic-trawl survey. The project is heavily leveraged with matching funds, as the UNH, Center for 
Coastal and Ocean Mapping will support 50% of the post-doctoral position, and RACE funds will 
support mobilization, travel, and salary (e.g., survey overtime costs) for NOAA scientists to conduct the 
acoustic-camera survey work along with the regularly scheduled RACE summer 2013 acoustic-trawl 
pollock survey.  Travel funds are requested for two UNH researchers to participate on the 2013 survey 
(one on first and one on last cruise leg) to oversee collection of the multibeam data and contribute to 
other proposed survey activities.  These travel funds will be included in the FY12 grant to UNH.  Funds 
are also requested for XBT probes to collect vertical temperature profile data, which are needed in the 
analysis of the multibeam data for seafloor mapping.  These will be purchased in FY12.  The need for 
FY13 funds for 6 additional DAS is based on the number of available ship days expected on the Dyson 
in 2013 
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