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Project Title: Automated Image Processing for Fisheries Applications (Year 2)
Principal Investigators: Kresimir Williams', Jeng-Neng Hwang?, Chris Rooper*, Craig Rose

Affiliations: 1- Alaska Fisheries Science Center
2- University of Washington

Project Duration: 2 years
Amount Requested (Year 2): $87,500

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. Jeng-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 Figure 1. Example of automated image analysis of Camtrawl data.
2) introduce a third research Automated segmentation, tracking, and stereo correspondence allows

objective of automated analysis of counts and measurements to be extracted from image data. Software was
developed by UW Information Processing Lab

fish behavior based on tracking

objects in image data.
1. Continued work on species classification





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
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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.

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
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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.

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

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





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.
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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)





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. Inturn, 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. M

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 N
system can supply abundance index information
suitable for the stock assessment needs. The ship

time saved can be redirected to other important v

research or survey activities, which need vessel time

or are currently being conducted with chartered Fig. 1. Study area showing acoustic survey
vessels. Although the proposed work focuses on trackline and location of 3 proposed
pollock, the results are of national importance, as mooring sites at ~275 m bottom depths. The

insert shows a typical pollock backscatter
pattern observed in Shelikof Strait pre-
spawning surveys.

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





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 7x7 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 i
disproportionately influencing the spatial analysis. Bl e 4
Blocks with consistently high abundance in the
time series were identified by ranking them based
on the among-survey mean divided by the among-
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survey standard deviation for each block. A time s / W‘fzuoo
series based on AT survey data since 2003 from P | 4 e
only the top 3 ranked blocks (locations in Fig. 1) S S
was remarkably similar to the total AT survey Year

estimates of pre-spawning pollock in Shelikof Strait . - .

. . . Fig. 2. Abundance indices from acoustic survey
(Fig. 2). About 94% of the variance in the AT SUIVeY 44 three optimally chosen 7x7 km locations
time series would be captured by moorings in these 3 within the survey area, shown with circles in
locations, assuming that the proposed mooring time- Fig. 1. Each location represents ~ 20 km of
averaged data (e.g. over days to weeks) contained acoustic survey trackline.
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






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 orientationata  “
known location. To further minimize mooring damage
or disturbance by commercial fishing operations, we Figure 3. Trawl resistant mooring with
will distribute a NOAA News Release to the installed echosounder. The transducer will
commercial fishing industry through the Alaska NMFS Eﬁomugiit'; a gimbal similar to that
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%
C10-0.5) dB higher at 38 kHz than at 70 kHz (De Robertis et al., 2010).






From the backscatter measurements, we will compute the standardized mean error of
mooring-based predictions of AT survey backscatter (MPEs 1) as a function of how large an area
of the AT survey is aggregated (S, i.e., km?surveyed),
and duration (length of time) the mooring data are
averaged (+T around ship survey), MPEg =

|(%;"”’"9T)|. The estimates of the prediction
S

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

Mean prediction error
abs((AT-mooring)/AT)

from the surveys. We anticipate maximum agreement Time averaged (days)
between the AT and mooring survey at 10s of km?
with moderate temporal averaging of the mooring Figure 4. Hypothetical relationship expected
data (i.e., days to weeks, Fig. 4). between mooring and acoustic_ survey

We will determine the optimal averaging measurements when the mooring is averaged
window (i.e., the minimum in Fig. 4) and use this over intermediate time scales (i.e., averaging

. . . . ) h over time is equivalent averaging over space to
information with realistic MPE estimates to refine some degree due to fish movement over the

the array design of moored echosounders to generate  stationary moored echosounder).

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 km? square and conclude, “that one
mooring provides daily abundance data representative of sampling over at least 1 nmi®.” 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.

e Development of new instrumentation for autonomous monitoring of fish abundance. This
instrument will become commercially available after this study.





e 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).

e 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.

e Quantification of uncertainty in spawning surveys introduced by survey timing, which can
be a major source of uncertainty but is often poorly known.

e 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 Pls 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).






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 reqgarding 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






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 Pls 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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Summary: Walleye pollock in the eastern Bering Sea (EBS) are assessed by conducting
an acoustic-trawl (AT) survey on a NOAA vessel for the midwater or semi-pelagic
component of the stock, and a bottom trawl (BT) survey on chartered fishing vessels for
the demersal component. We propose development and demonstration of a method
combining these surveys into a hybrid survey that can be conducted using only the
chartered fishing vessels as an efficient option to assess semi-pelagic fish stocks when a
dedicated NOAA Fisheries Survey Vessel (FSV) with acoustics capability is unavailable.
Four years of acoustic data collected aboard the chartered vessels during the BT survey
closely tracked the midwater pollock biomass obtained during the traditional AT survey
(Honkalehto et al. 2011). An additional two years of these opportunistically collected
data continue to be consistent with population trends. However, as no ancillary
observational data are associated with the acoustic data comprising the index, an
assumption about the size composition is required. To be more useful for fisheries
management (and to remove the assumption about the size composition), direct
observations are needed to more fully interpret the BT survey acoustic data. As time and
money constrain the ability of the BT survey to obtain these observational data, we
propose new tools and methods to obtain this information by developing a ruggedized
stereo camera system, which is attached to the standard BT survey trawl (i.e., ruggedized
CamTrawl). The system will be deployed in midwater to obtain size compositions of
pollock and other pelagic fishes during standard BT survey operations. The ruggedized
CamTrawl camera-frame component will be smaller than the original ASTWG-funded
CamTrawl and will be designed to withstand the harsh conditions of standard daily
deployments (including the ability to be easily attached and removed) on a bottom trawl.
The use of the bottom trawl as a midwater pollock sampler will also be evaluated during
the study. Thus, paired comparisons will be made between the bottom trawl (fished in
mid-water) and the AT survey mid-water trawl to evaluate pollock size selectivity.
Additionally, software will be developed which will evaluate accumulated backscatter
during the BT survey to help determine when to conduct mid-water hauls. Because the
costs to conduct the EBS BT survey (ca. $1.7 million) and AT survey (ca. $0.95 million)
are substantial, these new proposed tools and methods to develop a combined AT and BT
survey will result in dramatic savings and more efficient use of sampling platforms for
NOAA.

Statement of Work:

Introduction. Traditionally, fisheries survey programs that sample demersal species have
evolved relatively independently of those that sample pelagic species. This is the case,
for example, at the Alaska, NW, and NE Fisheries Science Centers, which have well-
developed bottom trawl (BT) survey and acoustic-trawl (AT) survey programs. In these
situations, the focus has been to optimize sampling methods and hardware for the target
habitat (midwater or sea floor) and species of interest. In some regions, species such as
walleye pollock (AFSC), Pacific hake (INWFSC), and New England herring (NEFSC)
may occur both in midwater and on the seafloor. Although large-scale surveys have been
designed to target one or the other habitat, none have been designed to combine the
methods and tools to effectively sample both of these habitats during the same survey —
that is, a joint acoustic-trawl and bottom trawl (JABt) survey. There are situations, when
combining these two survey efforts into a single multi-faceted survey (i.e., JABt survey)





may be highly efficient and could provide substantial savings in the assessment process
of semi-demersal species, or in multi-species assessments where different pelagic and
demersal species co-occur and their respective assessment surveys occur independently
of one another. This type of combined survey approach has been conducted since the
early 1980s by the Norwegians in the Barents Sea and Svalbard region (Hjellvik et al.
2003) and may be an appropriate survey strategy for assessing pollock and other species
in US waters.

Walleye pollock, Theragra chalcogramma, is a semi-demersal fish, broadly distributed
throughout the north Pacific with the largest concentrations found in the eastern Bering
Sea (EBS). It forms one of the largest single species fisheries in the world (FAO 2010).
We propose to develop a hybrid acoustic-trawl and bottom-trawl (JABt) survey to assess
this species in the EBS using a combination of traditional and advanced sampling
technologies to provide an alternative way to provide assessment information on this
species over its entire vertical habitat. The successful demonstration of a JABt pollock
survey will provide clear evidence that this combined survey approach could be used in
other areas to provide an optimized survey strategy for improved multi-species
assessments and improved semi-demersal species (e.g., pollock) assessments.

Rationale for EBS JABt survey. Researchers at the AFSC have been conducting two
separate large-scale stock assessment surveys to estimate the distribution and abundance
of walleye pollock in the eastern Bering Sea (EBS) for about three decades. The BT
survey targets the demersal component of the stock (as well as other fishes and
invertebrates) and the AT survey
targets the semi-pelagic component.
The effort and associated costs for
conducting each of these two
surveys is substantial. Both surveys
are conducted over a 2-2.5 month
period during the summer over a
large area (Fig. 1). The BT survey
has been conducted annually since
1982, covers an area of about 500
km? over bottom depths of 20-200 "
m, and requires approximately 375
bottom trawl hauls each survey.
Two chartered commercial trawlers o
(~125 ﬂ) with a scientific party of 6 Figure 1. Typical AFSC acoustic-traw! trackline (red) of 20 nmi
persons each are required for the spgced north-south _transects overlaid on AF SC bottom traw] survey
grid where each point represents a trawl station.
survey. The cost to conduct the
survey, which includes costs for
charters, fuel, shipping, overtime, and travel is about $1.7 million dollars. The EBS AT
survey began as a triennial effort in 1979 but evolved into a mostly biennial schedule in
recent years (i.., occasionally conducted annually). It covers an area of 330 km? over
50-1500 m bottom depths. Acoustic data are currently collected along nearly 5500 nmi
of transects and about 75-100 confirmation tows are made with large trawls. The NOAA

N






ship Oscar Dyson, and a scientific party of 7 persons are used for this survey. The cost to
conduct the survey, which includes costs for the ship (direct costs only), overtime, and
travel is about $0.95 million. Substantial savings in survey costs for EBS pollock could
be realized if the information required to provide pollock abundance estimates for both
the semi-pelagic and demersal component of the EBS pollock stock could be collected
using only one of these survey resources. The proposed study and resulting methods
described below will ultimately enable EBS pollock or other similar semi-pelagic species
abundance estimates by length to be made for both the midwater and demersal
components, largely during the course of the standard BT survey. This will provide a
means to conduct pollock (or similar semi-pelagic assessments) assessments when an
FSV is unavailable to conduct a dedicated AT survey.

Current progress toward EBS JABt survey. A statistical age-structured assessment model
is used for the assessment of pollock in the EBS (lanelli et al. 2011, Fournier and
Archibald 1982). Thus, survey estimates of total pollock abundance as well as
abundance-at-length (age) are required as model inputs. Since summer 2006, quantitative
acoustic data have been collected from the chartered commercial vessels during the
annual BT survey in an effort to
provide an index which serves as a

proxy for total abundance of the e ~ea-+AT survay blomass,
semi-pelagic pollock component e

during alternate years when there 0.70

is no AT survey (Honkalehto et al.

2011). Fortuitously, and for 050 -

reasons unrelated to the
Honkalehto study, the formal AT
survey has occurred annually 0.30 -
during summers 2006-2010 and
has allowed 5 opportunities
(consecutive years) to determine
that the BT survey acoustic index
tracks the AT survey abundance _ _ ,
remarkably well (Fig. 2, B ey g ST i et
Honkalehto et al. 201 1) The BT survey 2011 with 95% confidence intervals based on 1-D geostatistical

. . relative estimation error estimates. Each time series has been
index is based on pOHOCk backscatter scaled to its mean value for the period 1999-2004 (not shown)
only; no size composition data are No AT survey was conducted in 2011

currently available to derive abundance-

at-length estimates from these acoustics index data. Thus, we propose new methods and
advanced sampling tools below to collect this size composition information in midwater
to estimate the semi-pelagic pollock abundance-at-length (and total abundance) by further
combining the BT and AT survey efforts into a JABt survey.

Index value

0.10 T T :
2005 2007 2009 2011

Year

Detailed approach/tasks (Year 1):

Overview of tasks. Pollock size composition data from midwater are needed to derive
semi-pelagic pollock abundance-at-length estimates using the BT survey acoustic data
(Simmonds and MacClennan 2005; Honkalehto et al. 2007). Unfortunately, size
composition data from on-bottom trawl catches (i.e., traditional BT survey tows) are not






appropriate to scale the midwater
acoustic data as smaller, younger
pollock are generally found in
midwater whereas larger, older fish
dominate on-bottom (Ianelli et al.
2010). Thus, to obtain midwater
size composition estimates, year-1
tasks will focus on ruggedizing the
ASTWG-funded CamTrawl (Fig. 3,
Kresimir et al. 2010) for use in the
traditional BT survey trawl (83-112
trawl), which will be deployed in
midwater to provide size (and
species) composition information.
Other year-1 tasks include:

o B 0 A Figure 3. The AFSC Camera-trawl (CamTrawl) system. View of
deter mining the size SeleCtIVIty of the camera and frame assembly in the position it is in when actually

the bottom trawl to pOllOCk when it attached to the deployed trawl (upper left). CamTrawl camera-frame
assembly is attached to trawl with quick-release links at each corner

is fished in midwater, and beginﬂing of the frame base (upper right). CamTrawl being deployed aboard
development of customized software the Oscar Dyson (lower left). Typical images of walleye pollock

taken during a midwater trawl haul (lower right).
to accumulate backscatter collected

aboard the BT survey vessels in near real time to assist in deciding when to conduct a
trawl haul on pollock backscatter. At-sea tests of the ruggedized CamTrawl installed in
the bottom trawl, trawl size selectivity, and preliminary evaluation of the accumulator
software will be done aboard the Oscar Dyson during the summer 2011 EBS AT-survey.
Specific tasks are detailed below.

Why CamTrawl? The BT survey is designed to cover a broad range of activities and
focuses on a number of species. Furthermore, the most time-intensive activity during the
BT-survey is catch processing to obtain basic information for numerous species and in
fulfilling many special study requests. Additional time to process catches from midwater
hauls is unavailable. However, the CamTrawl fished in midwater with an open codend
provides a means to collect information without having to slow operations for catch
processing. That is, the CamTrawl system will collect and store the needed size- and
species-composition information with relatively little effort compared to that required for
traditional catch processing. There are several reasons for this. First, CamTrawl can
provide image data throughout an entire haul to dramatically improve the spatial
sampling resolution compared to traditional midwater tows. This means that size- and
species- information from multiple depth-discrete scattering layers can be sampled during
a single haul. This eliminates the traditional strategy of conducting multiple tows (i.e.,
one tow per depth-discrete scattering layer) and the concomitant increase in catch
processing effort. Second, CamTrawl is designed to be quickly deployed, recovered, and
readied for redeployment (data download, replace battery). This was clearly
demonstrated during the summer 2011 Gulf of Alaska AT-survey when use of CamTrawl
on the midwater trawl added only about 20 minutes to each trawling event. We expect
less time will be required for use on a chartered commercial trawler. Third, no time will
be required at-sea for deriving size compositions from CamTrawl data as this can be done






after the cruise. This is obviously not the case if traditional catch processing of the
midwater catches were to occur. For CamTrawl, automated sizing software will be used
to derive length frequencies from images. Preliminary results from automated fish length
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Figure 4. Comparison demonstrating no difference between estimated pollock size distributions derived from CamTrawl
data using customized automated sizing software and that derived from manually measured lengths of captured fish
Panel on left illustrates sizing software length measurements from representative CamTrawl image.

analysis show good agreement between automated image-based length frequency and
corresponding physical length measurements from the catch (Fig. 4). Due to the high
proportion of pollock in midwater catches in the EBS (e.g., 98% of total catch weight for
2010 AT survey), less effort will be needed to ensure that identified fish targets are
pollock.

Task 1: Ruggedized CamTrawl Design and Construction. Several modifications to the
original CamTrawl design are needed to make it appropriate for the BT survey. The
components will need to be attached to a housing chassis using shock resistant mounts
(Fig. 5). Mounting the stereo-camera pair and acquisition hardware (miniaturized pc,
power supplies, and triggering circuit) into a - -

single housing will remove the need for B @ @
specialized underwater cabling connections
between these components, which lowers i i PO a1 O O
costs and removes possible points of failure PR
from external connectors and cables. A Sufcontainad
custom housing with two parallel camera battery pack
viewports will support a camera baseline
separation of 25 cm, which is sufficient for
accurate stereo-image based length
measurements at ranges up to 5 m. Solid
state hard drives will be used for data storage,
and data downloading will be accomplished
using a wireless connection. The cameras and Fish movemant
other components incorporated into the design

will be rated for industrial use, capable of Figure 5. Proposed ruggedized Cam-Trawl camera
operating at low temperatures encountered in and frame component. This ruggedized version will

. . . be attached to the back of trawl codend where it can
the EBS and withstanding physical shocks of be rapidly attached and removed.

1

Imaging chamber cage

Cameras





back deck use. Power will be supplied using a dedicated battery pack such that
replacement and charging of the batteries can be accomplished using a wet pluggable
connector to remove the need for opening watertight connections. Lighting will be
provided by LED strobes, which are power efficient and more robust than xenon
flashtubes. A pressure switch will be used to start acquisition when the unit is deployed,
while a deck cable for power will be used to access the data on retrieval. Incorporating
all of these innovations into the instrument platform will provide a robust unit that is
simple to operate, leveraging the experiences gained in the development of the original
CamTrawl system.

The BT survey 2-seam bottom trawl will be modified so that the ruggedized CamTrawl
camera-frame assembly can be quickly and securely installed and removed from the
trawl. This will require building a dedicated and robust instrument cage which is
attached to the end of the codend forcing fishes to pass by the cameras as they transit
through the trawl and are ultimately released unharmed (Fig 5). The cameras and strobes
will be mounted on one side of the cage, with the opposite side containing a dark canvas
cover, to optimize image usability by taking lateral images of fish and to enable effective
automated target detection. The cage will be appropriately sized for effective
deployment from vessels historically chartered for the EBS bottom trawl survey. It will
be neutrally buoyant by addition of flotation and constructed to withstand the rigors of
operation in moderate to heavy seas. The design of the cage and the attachment methods
will be guided in part by the trawl gear experts at AFSC and commercial fishers to ensure
the final camera system is durable and can be safely deployed.

Task 2: Bottom trawl selectivity experiment. Unfortunately, BT-survey back-deck catch
processing logistics make addition of a midwater trawl to the commercial BT survey
trawler extremely difficult. However, it is common practice during standard pollock AT-
surveys in the GOA to capture pollock when fishing a 4-seam bottom trawl (Poly North
Eastern) in midwater under certain conditions (e.g., dense fish aggregations, close
proximity to rough sea floor, bad weather; Guttormsen 2007). Additionally, the 2-seam
EBS survey bottom trawl (83-112) has successfully captured pollock when this trawl has
been occasionally fished relatively close to the sea floor (i.e., footrope 5-7 m off-bottom;
Honkalehto et al. 2007, 2010). Based on this experience, we tentatively assume that the
2-seam bottom trawl (83-112) used during the standard BT survey may adequately
sample pollock in midwater. We propose to conduct a paired trawl comparison
experiment to test this assumption. The experiment will be conducted in the EBS during
summer 2012 to evaluate whether there are detectable differences in size selectivity
between the AT survey standard midwater trawl (Honkalehto et al. 2007) and the BT
survey bottom trawl (83-112 trawl) when targeting pollock in midwater. This work will
be conducted during the EBS AT survey aboard the Oscar Dyson. When substantial
backscatter is observed during normal survey operations, one of the trawls will be
selected at random to target the backscatter, and then a second haul will be conducted on
the same backscatter with the other trawl. Paired trawling will be conducted throughout
the surveyed area so that a wide range of fish sizes are available to the nets. A total of
about 10-20 trawl pairs are planned for the work. This will require 3 additional days of
NOAA ship time.






Task 3: Backscatter Accumulator sofiware development. During a pollock AT survey,
most midwater trawl hauls should ideally be conducted in areas where most of the
backscatter is detected. During a typical BT survey, scientists are busy with catch
processing and typically unavailable to monitor the echosounder to determine the need
for a midwater tow. Conducting midwater hauls at random locations, or at the pre-
assigned bottom trawl stations during the BT survey would be an unacceptable strategy
for midwater sampling to interpret the acoustic data. We propose to develop software,
which will accumulate unclassified backscatter within several depth strata. Ata specified
threshold, an audio/visual alarm will alert the chief scientist. Because most of the
backscatter in many areas of the EBS represents pollock (Honkaleto et al. 201 1), this
alarm can provide guidance for when one should review the recent echosounder data.
During the review, one could assess whether the substantial backscatter was likely
pollock echosign (conduct midwater haul) or likely non-pollock backscatter (continue BT
activities). In either case, the observer could reset the accumulator value to zero, provide
instructions to the bridge regarding intent to fish, and then resume BT survey catch
processing. A preliminary version of this software will be developed to run in parallel
during the summer 2012 EBS AT survey to: 1) begin optimizing the software
configuration (e.g., backscatter threshold levels for sounding notification alarm), and 2)
determine the level of agreement between the software alarm notifications and actual
decisions to haul, which are made by the scientific party. Funds to purchase a PC and
hardware to implement an alarm are requested. The software will be developed at no cost
to ASTWG. A production version of the software will be completed during a proposed
year 2 of this study.

JABt uncertainty, Year-2 Tasks. There are several sources of uncertainty in the proposed
effort to combine AT and BT surveys. Those based on Year-1 efforts will include
durability of the ruggedized CamTrawl, bottom trawl selectivity to midwater pollock, and
ability to conduct suitably directed midwater trawl hauls during a BT survey. During a
proposed Year-2 of the study, operational efficiency of AT survey tasks will be evaluated
aboard the BT survey vessels. This will include integration of the ruggedized CamTrawl
operations during traditional BT survey operations, as well as installation and
implementation of the backscatter accumulator software for assistance in optimizing
placement of the midwater trawl hauls. Presuming year-2 results are encouraging,
assessment of the JABt survey uncertainty will be comprehensively evaluated in summer
2014 when a comparison of resulting pollock abundance and biomass estimtates (by
length) based on acoustic and midwater trawl data will be available from both the
biennial AT survey and annual BT survey (i.e., JABt survey). Subsequent comparisons
will continue to be made during alternate years (when AT surveys occur) to evaluate
whether the JABt survey approach is appropriate for EBS pollock assessment needs.






Expected results

We expect to successfully complete the design and construction of the ruggedized
CamTrawl system in time for testing and evaluation during the summer 2012 EBS AT
survey. Based on our earlier work fishing a 4-panel bottom trawl in midwater, we are
optimistic that the results of the paired trawl selectivity experiment during the summer
2012 survey will demonstrate similar pollock size selectivity compared to the standard
midwater trawl.

Project Milestones/Schedule

Task Jan-May | Jun-Aug |
Ruggedized CamTrawl Construction XX

Ruggedized CamTrawl At-Sea Tests XX
Trawl Selectivity Experiment XX
Backscatter Accumulator Software Development XX

Backscatter Accumulator Software At-Sea Tests XX
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Budget (Year 1)

Ruggedized CamTrawl
Instrument cage 3,000
Main Housing (camera & computer) 2,500
LED Strobes (housings and components) 2,500
Domes (2, for cameras) 1,000
Cameras (2) 3,000
Cables 1,500
Batteries (2 sets + charger) 1,500
Total CamTrawl 15,000
Trawl Modifications 4,500
Shipping 2,500
Backscatter Cummulator PC, assoc. hardware 1,000
Vessel Time 45,000
(Oscar Dyson) 3 days @ $15,000/day
YEAR 1 TOTAL $ 68,000
Budget Justification

To conduct the trawl selectivity experiment during the summer 2011 EBS acoustic-trawl
survey will require 3 ship days over the course of the two month survey. The RACE
Division Director (Russ Nelson) has indicated the additional NOAA ship time is not
available in the current FY 2012 ship schedule for survey-related research so ASTWG
funds are requested for this ship time. Ruggedized CamTrawl hardware funds are
requested but actual construction of the device will be by AFSC staff at no cost to
ASTWG. The Backscatter Accumulator software development will be done at no cost to
ASTWG although funds are required to obtain hardware for implementation of the
system at-sea. '

Justification for §5k increase in Budget cost (63k to 68k). Initially, an estimate of $13k
was used for the daily cost of Dyson time. This initial estimate was revised to $15k based
on information from the AFSC vessel coordinator (John Clary).
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Abstract/Summary:

Acoustic assessments of semi-demersal fish are often hampered by the presence of an unknown
proportion of undetectable fish near the seabed. Cameras are often used to determine the near-
bottom distribution of fishes. However, there may be substantial behavioral responses to an
ROV or towed body that bias the observed species or size classes. Therefore, a method to
unobtrusively determine the distribution of fish in relation to the seafloor is needed. We will
build a prototype and up to 9 replicate low-cost ‘camera traps’ similar to those that have been
used successfully in terrestrial environments for decades. Replicate units are essential to provide
adequate target densities and spatial coverage. Stereo-camera methods would be used to
quantitatively determine the distribution of fishes relative to the seafloor during acoustic surveys.
Each unit will consist of paired consumer grade still cameras and strobe lights mounted ona
robust frame (crab pot) lying on the seafloor. The camera will be triggered using a custom
designed detector that will use changes in far-red (600-700 nm) light reflectance not visible by
fish to signal when a fish moves into the range of the camera lens. We will conduct a field test in
which the camera systems will be deployed in fish aggregations within an acoustic survey area
for up to 2-3 days in order to determine the distribution of fish by species and size within2.5 m
of the seafloor. This work will address a major source of uncertainty in acoustic measurements
of demersal fishes, which is a problem common to the NMFS science centers.

Background and Justification:

Many non- lethal survey methods for marine fishes are being developed within NMFS to address
concerns regarding traditional survey methods such as bottom trawls. These non-lethal surveys
have often used direct counts or line transect methodology from submersible vehicles to estimate
fish abundance (Yoklavich et al. 2009, O’Connell and Carlile 1993), but more recently
combination acoustic-optic surveys using ROV’s and lowered cameras have been developed
(Demer et al. 2009, Rooper, etal. 2010, Jones et al. in review). Visual surveys and especially
acoustic-optic surveys depend on an unbiased estimate of the vertical distribution of fish in the
near-bottom zone where fish are not observed acoustically (i.e. the ‘acoustic dead zone, ADZ’
Ona and Mitson, 1996, Lawson and Rose, 1999, McQuinn et al,, 2005). A potential bias in fish
vertical distribution can arise when the underwater platform provokes a behavioral response in
the fish species that are the target of the survey.

As an example, many optical and acoustic-optical surveys to date have focused on rockfish
species (Sebastes spp.). These species often have been suspected of having an escape response to
underwater vehicles (Krieger and Ito 1999, Stoner et al. 2008). This response may be species
and/or size specific, in that some rockfish species may dive to the seafloor in the presence of an
underwater vehicle, while others may not react. For example, an escape response may be more
evident in smaller size classes or species, where the risk of predation is more acute. In addition,

there is some evidence that certain species may be attracted to underwater vehicles (Stoner et al.,
2008).

The response of rock fish to an underwater vehicle during acoustic-optic surveys can introduce
substantial error into the acoustic assessment if all the species observed near the seafloor are
assumed to be unobserved acoustically. Species that are always found in close association with
the seafloor (such as yelloweye rockfish) may inhabit the acoustic dead zone exclusively, while





other semi-pelagic species (such as widow rockfish) may occur higher in the water column
where they are observed with acoustics. [fthe semi-pelagic species dive to the seafloor in the
presence ofan underwater vehicle, the occurrence of the species in the acoustic dead zone may
be over-estimated. Conversely, species that only occur in the dead zone may be wrongly
assumed to occur in the water column where they may be observed acoustically.

Data to describe the natural occurrence of fishes by species and size in the acoustic dead zone is
thus very important to accurate acoustic surveys conducted throughout NMFS Science Centers.
In addition to concerns related to acoustic surveys, other aspects of fish behavior are important to
NMEFS surveys, such as species specific diurnal migrations, associations of fish with particular
habitat types or behaviors that influence fishes vulnerability to bottom trawls (such as fish hiding
in interstitial spaces). These survey uncertainties would be reduced by the ability to observe
species in a more “undisturbed” setting, where the observation platform is not influencing the
behavior of the subjects.

We are proposing to build a small fleet of ten motion triggered stereo-camera- devices
(TrigCams). These camera “traps” would act much as land-based camera traps operate, remotely
capturing images of undisturbed fishes in their natural habitats. Land based camera traps have
been used to measure the abundance (Karanth 1995, Silver et al. 2004), species diversity (Obrien
etal 2010) and behavior (Bridges et al. 2004, Maffei et al. 2005) of terrestrial species. These
techniques have not been translated into the marine environment to our knowledge, but they hold
promise for allowing us to ascertain species habitat associations, fishand invertebrate behavior,
species diversity and species composition without the effects ofa moving underwater video
platform or a destructive bottom trawl.

Scope

The specific objectives ofthis project will be to construct and test a fleet of 10 underwater
camera traps. Extensive testing will be conducted both in the laboratory and during local
deployments near Seattle, Washington. The goal will be to deploy these camera traps during two
acoustic surveys, a survey for gadids in the eastern Bering Sea shelf and a survey for rock fishes
in an untrawlable area of the Gulf of Alaska. We will use the camera traps to 1) determine the
vertical distribution of fishes from the seafloor to above the boundary where echosounder
measurements are biased low (< 2 m off bottom c¢.f. Ona and Mitson, 1996), 2) determine the
size and species composition of fishes, and 3) compare these estimates of size and species
specific vertical distribution to estimates from other ground-truthing methods (bottom trawls and
drop cameras) deployed at the same location. We will also examine the habitat associations and
behavior ofobserved fishes over a 24 hour deployment.

Technical Approach

The technical approach of this project will be to construct the triggered stereo-camera units out
of “off the shelf” components in order to minimize the cost and maximize future flexibility as
better camera and lighting options become available. The major components of the systems will
be 1) two synchronized and calibrated stereo cameras with overlapping views, 2) a strobe light
system able to illuminate up to 3 meters in front of the lens, 3) a triggering mechanism consisting





ofan custom designed microcontroller, an array of far-red (680 nm) LED illuminators, and a
photodiode, and 4) a separate sealed battery pack (Fig 1a.). These components will be housed in
a low cost machined box-style plastic housing optimized for the camera dimensions. Prototype
acrylic housings with a wall thickness of 20 mm have been manufactured at AFSC and
successfully tested to a depth of 600 meters (Fig. 1b).

In underwater applications such as this, high quality stereo measurements can be made over short

ranges with inexpensive, consumer grade point-and-shoot digital cameras (see Fischer et al,
2007, who demonstrate length accuracy of~ 5% with a system similar to that proposed here).

A LED strobe assembly (yellow) and trigger light (red)

B

Delrin block housing w/
o-ing face seals and

Acrylic plate viewport

Microcontroller
Power supply
Trigger Photodiode

Sealed rechargeable battery pack

Figure 1. Proposed design for the TrigCam, a triggered stereo camera systemusing a mixture o f commercial and
custom components.

Anexample ofa suitable choice for cameras would be the Canon Powershot S95, capable of
taking high quality images and having reasonably good performance in low-light environments.
Canon Powershot series cameras are especially attractive due to the availability ofalternative
firmware that provides complete control over critical camera functions, including triggering,
manual focusing, zoom levels, and exposure settings such as shutter speeds, apertures and ISO
(CCD imager gain). This firmware (CHDK - http:/chdk.wikia.com/wiki/CHDK) is installed on
the camera memory card and ensures that the user specified settings are used when camera is in
operation even if power is completely removed from the camera. The ability to control these
critical camera functions effectively turns the consumer grade camera into a low-cost scientific
instrument.

The cameras will be equipped with Eye-fi SD cards with built in Wi-fi capability which will
allow images to be wirelessly transferred after deployment. This is important because stereo-
calibrated camera systems remain useful as long as the camera geometry (i.e. inter-camera
position) is stable, and not having to handle the cameras to remove images will insure this
stability (Williams et al., 2010). The cameras will be powered externally by a battery pack, as
will the other components of the system.






A single LED strobe will be used for image acquisition, designed similar to other LED strobes
used for the ASTWG CamTrawl. The strobe design consists of a series of LED illuminators and
drivers which are capable of “overdriving” the LED’s for short durations, producing a high-
intensity pulse of light. This design is compact, power efficient and inexpensive compared with
an equivalent power xenon tube type strobe. The strobe will be housed in a separate plastic
housing enabling the light source to be offset from the cameras improving the image quality by
reducing backscatter from suspended particulates and small organisms in the water.

The most innovative aspect ofthe TrigCams is the triggering mechanism. The purpose of the
triggering mechanism (as in any photo trap) is to unobtrusively detect the subject prior to firing
artificial lighting, which is required for exposure, but if fired indiscriminately would alter the
behavior of the subject. Triggering will be based on changes in reflected light from a secondary
red LED array with peak wavelengths of 680 nm. An additional filter will be placed on the
LEDs to remove any light lower than 640 nm. In most deepwater (100 + m) fish species,
sensitivity is minimal in red light as this wavelength is not present in their habitat (Raymond &
Widder, 2007). The presence of the trigger light should therefore be undetectable to the fish and
should not cause changes in behavior due to the presence of the light. The entry ofa fish into the
image space will be detected by monitoring for changes in the total amount of reflected red light
using a highly sensitive photodiode.

The light reflectance-based triggering concept can be illustrated using video data shown in
Figure 2. The operation of the TrigCam triggering unit is assumed to be analogous to looking at
the sum of pixels from video sequences using full spectrum light; as a fish enters the view field,
the average brightness, or mean pixel value detected by the camera, increases. In this example
we are able to detect fish at significant distances from the camera and in close proximity to the
seafloor. By using a photodiode instead of a camera, the strength of the photodiode output signal
can be continuously monitored, and a change in this level over a set time interval that exceeds a
specified threshold will constitute a trigger.

The success of this approach requires sufficient signal-to-noise ratio in the output from the
photodiode. Highly sensitive photodiodes called avalanche photodiodes are similar in operation
to photomultiplier tunes while being much more compact, affordable, and easier to incorporate
into a simple monitoring circuit. The wavelength sensitivity of the photodiode will be matched to
the red light output by the LEDs. Despite the high absorption of red wavelengths in water, the
high sensitivity of the photodiode, coupled with appropriate circuitry, should be capable of
sensing small changes in reflected light produced by fish targets up to 3 maway. Testing will be
conducted to ensure that the LEDs light intensity is sufficient to allow small fish (10 cm) as well
as larger ones to trigger the cameras, reducing the potential for size selectivity in the data.
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Figure 2. Example of light reflectance-based triggering from video data. Peaks above triggering threshold are
associated with the appearance of fish in the video.

For the purposes of determining vertical fish distribution, probability of detection must be
uniform across the vertical dimension throughout the imaged volume. To achieve this, the red
LED triggering array consisting of up to 10 units will be vertically oriented, and will potentially
require a lens element to produce a beam of uniform brightness in the vertical plane. The trigger
LED array will be mounted alongside the imaging LED strobe in a separate housing to provide
an offset between it and the photodiode. This will prevent small particles near the beam from
falsely triggering the cameras.

The system will be powered using a custom built battery pack made of lithium polymer cells
without air spaces manufactured to withstand pressures of up to 10,000 psi. The cells will be
potted into a solid pack along with a charging circuit with a single 2 pin connector output. This
design will make replacement and charging ofthe batteries simple and will not require any
water-proofseals to be opened, increasing robustness and preserving the stereo-camera
geometry. The cameras, microcontroller, and photodiode will be housed in a single housing,
connected with the strobes and batteries with underwater cables (Figure 1a).

Circular commercial crab pots used for Dungeness crab fishery will provide ideal protective
frames for mounting the units, and will facilitate easy deployment and retrieval using techniques
developed for commercial fishing. Sinking (or weighted crab line) line will be used for the first
50 fathoms ofthe retrieval buoy line so that the line stays on the seafloor in the immediate
vicinity of the TrigCam unit, ensuring that the retrieval line does not act as an attractant for fish.
The basic operation sequence will be as follows; first, the TrigCam unit will be deployed off the
vessel in a desired location (pre-determined or targeted). For example, desirable camera
locations would include areas of high acoustic backscatter to maximize target density. The unit
will wait a pre-specified amount of time before active data collection to gather a “background”





level of reflected light from the trigger LED array and to allow for any fish reactions to the
arrival of the gear to be reduced. A detection mode will then start, waiting for a trigger (change
in received red light relative to the background) to be received, which will synchronously fire the
cameras and LED strobe (Fig. 3). The system will then start a rest period to ensure the reaction
to the strobe has dissipated be fore the next triggering cycle begins. The battery power will be
designed to allow the TrigCams to capture up to 500 shots per charge, and operate the trigger
system for a minimum of24 hours. The units will be able to be re-deployed quickly as a new
battery pack and image download are all that is required.

1. triggering operation 2. image capture

Figure 3. Schematic o f dead-zone camera showing location of triggering mechanis m, camera orientation relative to
the seafloor and proposed triggering and lighting system.

The increased efficiency of data collection using a triggering system compared with a fixed duty
cycle can be illustrated using simulated data with randomly generated arrival times of fish in
front of a camera. Figure 4 shows the expected number of fish imaged with a triggered system
over one hour compared with a fixed 5 minute duty cyck, as a function of the number of fish
appearing in the visual field over the hour. For this simulation, fish were assumed to linger in
front of the camera for 20 seconds. The triggered camera simulation had a pause cycle of five
minutes after each shot. It can be seen that at lower densities the amount of data from a triggered
system is almost one order of magnitude greater than a duty cycle approach, and with increasing
fish density the gains are reduced but are still significant even at high fish densities.
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Figure 4. Simulation results comparing success rate (imaging a fish) using a triggered and fixed time interval

approach





Deployment of these cameras is expected to occur over two stages in FY12-13. We anticipate
deploying the cameras during FY12 on a vessel of opportunity (the NOAA vessel Oscar Dyson)
during the biennial acoustic survey of the eastern Bering Sea shelf. We will deploy the fleet of
cameras during nighttime operations (when ship time is available) for up to 12 hours and
examine the near-bottom distribution of pollock and cod. It is anticipated that these experimental
deployments will be carried out in multiple locations with multiple densities of fish targets. We
will compare the near-bottom distribution of cod and pollock with the acoustic survey estimate
of fish on or near the bottom as well as corresponding bottom trawl survey data collected on the
eastern Bering Sea shelf.

The final field deployment of the cameras in survey mode will occur in 2013 during the
anticipated acoustic survey of the Gulf of Alaska. In this case we will focus on rockfish species
in untrawlable areas of the seafloor. The fleet of cameras will be deployed for 24 hours during an
acoustic survey of an untrawlable area in Alaska. In the past these surveys have been conducted
over fairly small isolated patches of seafloor with very high densities of rockfish. For example,
in 2008 a survey was conducted over a ~50 km? area containing approximately 16,000 mt of
northern rock fish (Rooper et al. 2010) and in 2010 another survey of~140 km? resulted in an
estimated biomass 0f~4000 mt (Jones et al. in review). We will deploy the 10 cameras at
locations with strong rock fish backscatter in the untrawlable areas and then examine the vertical
distribution, species and size composition within 2.5 m of'the seafloor.

Camera estimates of the proportion of fish in the ADZ and immediately above the ADZ can be
used correct acoustic estimates for the effects of'the dead zone (Mitson and Ona, 1996, Jones et
al, inreview). The camera derived target depth distribution will be used to calculate the
proportion of fish (Papz) that are in the ADZ as Papz= Capz/(Cabove+ Canz), Where Capove is the
target density from the top of the ADZ to the upper limit of the camera sampling volume (~2.5
m), and Capz is the density of targets observed within the ADZ This can be used to correct
echosounder (E) measurements for the ADZ. For example, withan ADZ of0-1m, and a layer of
1-2.5 mthat is jointly observed by the TrigCam and the echosounder, the corrected backscatter
from 2.5m above bottom to the seafloor can be estimated as follows: Ecorr=E12 sm*+ (Papzs E1-
25m). For a depthof 100 m and a bottom that is flat over the beam footprint, the ADZ ranges
from 0.7-1.2 m depending on how the echosounder is operated (Ona and Mitson, 1996). This
indicates that the TrigCam and echosounder will overlap sufficiently to allow corrections to be
estimated under field conditions.

Existing corrections for the ADZ make the assumption that fish density in the ADZ is equivalent
to that immediately above the ADZ (e.g. Ona and Mitson, 1996, McQuinn et al., 2005).
However, direct observations suggest that this is rarely the case for semi-demersal species: fish
density often decreases rapidly with height from the seafloor (e.g. Lawson and Rose, 2009,
Rooper et al., 2010, Jones et al., in review), which would lead to an underestimate of fish
abundance if a uniform distribution is used. Vertical distributions can change dramatically as a
function of time of day (Lawson and Rose, 2009, Rooper et al., 2010). The direct observations
from the TrigCams will be used to determine the appropriate functional form of'the (e.g.
uniform, linear, exponential) of fish density as a function of height of bottom and time of day
using model selection procedures. This will allow for an improved model-based corrections in





high reliefareas where the ADZ extends above the field of view of the TrigCam (e.g. Demer
2009).

Inaddition to the ADZ to non-ADZ comparisons, the data from the TrigCam’s will be compared
to drop camera estimates ofthe species and size compositions of fish in the ADZ to determine
how fish reactions to the lowered instrument may bias the observations. We would anticipate
that once developed the TrigCam fleet could be routinely deployed in survey operations to verify
the species and size composition of fishes in and directly above the ADZ.

Expected Results and Products

Much of the preliminary testing ofthe triggering mechanism and housing components have been
completed or will be completed by December 2011. The success of'this testing and previous
positive experience with building stereo video systems using similar methods gives us substantial
confidence that these novel technologies can be combined into a triggered underwater camera
trap. If funded we expect that the details of construction and testing of the prototype will be
accomplished early in 2012.

This project can be easily transitioned to NMFS-wide operations through publication of the
technical specifications and design ofthe cameras as a NOAA technical memorandum or peer-
reviewed manuscript. The investigators will be pleased to consult with other interested scientists
on building their own camera systems, and if possible the cameras manufactured through this
proposal will be made available to other NMFS users in other science centers. In addition the
results of the field test deployment will be communicated as a peer-reviewed publication.

Scientific Merit

The underwater camera trap described here will have a direct effect on improving NMFS stock
assessment surveys by increasing our knowledge of 1) the natural distribution of fish near the
seafloor, 2) fish behavior that may affect their vulnerability to acoustic observation, visual
observation or trawl capture and 3) fish habitat associations that can be used to better stratify
surveys and estimate abundance.

Principal Investigators:

Chris Rooper is a research fisheries biologist at the AFSC. His expertise is in using underwater
video systems to describe rock fish habitat use and determine the abundance ofbenthic fishes and
invertebrates.

Alex De Robertis is a research fisheries biologist at the Alaska Fisheries Science Center. His
primary expertise is in using acoustic methods to investigate the abundance, distribution and
behavior of marine organisms.

Kresimir Williams is a research fisheries biologist at the AFSC, working in the Midwater
Assessment program. He has extensive experience with underwater stereo-camera systems,
including system design, assembly, and custom analysis software.





Scott McEntire has over 20 years experience in building underwater camera and light systems for
a wide variety of purposes, including examining fish behavior in response to nets, using cameras
to examine the fishing configuration of trawls, using cameras to estimate escapement from nets
by fishes and invertebrates.

Rick Towler is an Information Technology Specialist in the Midwater Assessment program at
the AFSC. He has developed software and electronics products for fisheries acoustics and other
scientific applications for over 13 years and specializes in instrument design and construction.

Project Schedule and Milestones:

Research on the triggering mechanism and camera housings has already begun at the Alaska
Fisheries Science Center with existing equipment. The system will be fully designed by January
2012, and a prototype camera will be built when the funding becomes available (March-June
2012). The prototype will be tested locally (to Seattle) in May 2012. Up to nine additional
cameras will be built in June-July 2012 and they will be deployed as a special project aboard the
Oscar Dyson during the biennial acoustic survey ofpollock in the eastern Bering Sea shelf, Data
will be analyzed at the conclusion of the survey (September 2012) and technical specifications

and design description written up as a technical memorandum or peer-reviewed article in fall
2012.

Anticipated
Milestone completion
Camera design completed Jan-12
Prototype manufactured May-12
Bench-top and local testing of prototype Jun-12
Manufacture of additional units Jul-12
Field testing Aug-12
Completion report Sep-12
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Principal Investigator

Institution

FY12 Funds Requested (Cost
Sharing)

Rooper, Williams, De Robertis,
McEntire, Towler

Alaska Fisheries Science
Center

$35,000

Totals

$35,000






Budget Page(s):

Description Amount
FY12

1100 | Direct Labor:
1150 | Overtime and Hazard Pay

1200 | Benefits:
2100 | Travel

2200 | Transportation

2300 | Rents et al.

2400 | Printing

2500 | Contracts:

2600 | Supplies and Materials:
3100 | Equipment:

Cameras $18,000
Strobe lights $10,000
Triggering system $3,000
Miscellaneous $4,000

4100 | Grants

Total $35,000

Budget Justification:

The budget will be spent exclusively on the manufacture and delivery of one prototype and nine
units of the dead zone camera. Major purchases necessary include 20 cameras for stereo-optic
capability ($18K), 10 strobe lights ($10K) and 10 triggering mechanisms ($3K). The units will
be shipped to Alaska and deployed on a vessel of opportunity in the summers of FY12 and
FY13.
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Christopher N. Rooper
Work: NMFS, Alaska Fisheries Science Center
7600 Sand Point Way NE, Seattle WA 98115
(206) 526-4689
Chris.Rooper@noaa.gov

Education

Ph.D. University of Washington, Aquatic and Fishery Sciences, 2002
M.S. University of Alaska, Fairbanks, Fisheries and Aquatic Sciences, 1996
B.S. Oregon State University, Biology, 1991

Employ me nt

2002-present Research Fishery Biologist- Alaska Fisheries Science Center, RACE Division,
Seattle Washington, USA.

1999-2002  Research Assistant- School of Aquatic and Fisheries Sciences, University of
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Alex De Robertis
NOAA/NMFS Alex.DeRobertis@noaa.gov
Alaska Fisheries Science Center Tel: (206) 526-4789
7600 Sand Point way, NE
Seattle WA 98115
PROFESSIONAL INTERESTS:

Fisheries acoustics, survey methodology, behavioral ecology of fish and zooplankton, optical
ecology, predator-prey interactions, biological oceanography, research vessels.

EDUCATION AND EMPLOYMENT:
2003-Present Research Fishery Biologist, Alaska Fisheries Science Center. Research related to
acoustic surveys in the North Pacific.

2001-2003 National Research Council Postdoctoral Fellow, Northwest Fisheries Science Center.

Project title: Feedingecology of juvenile salmonids in turbid environments. Adviser:
Richard D. Brodeur

1995-2001 Ph.D. Biological Oceanography, Scripps Institution of Oceanography. Dissertation:
Small-scale spatial distribution and swimming behavior ofeuphausiids in relation to
visual predation risk. Adviser: Mark D. Ohman.

1995 BS Biology University of California Los Angeles. College Honors.
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Gerlotto, Eds.
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Canadian Journal of Fisheries and Aquatic Sciences 67: 1459-1714.
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Education:
M.S. Auburn University, 2002, Fisheries And Aquaculture
B.S. Samford University, 1995, Biology

Positions:
Fishery Biologist, NMFS, NOAA, AFSC, Midwater Assessment and Conservation
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Fisheries Observer, Alaskan Observers, Inc. 1997-2000

Research Interests:
Influence of fish behavior on survey design and uncertainty, advanced sampling
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management, population modeling
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The development and design of underwater instrumentation for fisheries research.

Completed Systems:

Bottom Contact Sensor,
One hundred plus units deployed worldwide with fisheries research organizations
Trawl mounted autonomous video systems
Twenty five plus units in service with NOAA, universities and state labs.
Portable winch drop video systems
Towed on bottom sled video systems.
Neutrally buoyant towed video sytems.
Fiber optic cable towed video system.
Embedded PC for autonomous control of scanning sonar systems
Depth rated diver carried VHF radio
Pot/trap door event counters
Pot drag distance logging
Battery and control for Didson imaging system

Systems include:

The design and construction ofover 300 pressure housings for batteries, power and control
elkctronics, data loggers, video recorders, micro computers, cameras and lights.

Depth ratings in excess 02,000 meters seawater

Housing components oftitanium, aluminum, stainless steel and thermal plastics

All instrumentation housings incorporate no catch easy open designs

Autonomous video systems incorporate depth or time delay activation

Design and mounting of internal electronic control and interface sub assemblies

Synch control boards for strobe lighting interface with progressive scan video cameras.
Board leveldesign, layout and construction of microcontroller circuits.

Assembly level programming of PIC microcontrollers.

Interface, power, protection and long line amplifier boards.

Design of water corrected Rebekoff type optical ports for video cameras.

Design and mounting of low voltage HID and LED lighting.

Battery power and charging subsystems for remote instrumentation.
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NOAA Alaska Fisheries Science Center
7600 Sand Point Way NE « Seattle, WA 98115
Work: 206.526.6304 « Cell: 206.769.7529
Email: rick.towler@noaa.gov

PROFESSIONAL PROFILE

Experienced in all stages of instrument design from concept to production including circuit
design and layout, sensor integration, and embedded and host sofiware development with
extensive background in software development using languages common to the scientific
community.

EXPERIENCE

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
ALASKA FISHERIES SCIENCE CENTER, SEATTLE, WA
MIDWATER ASSESSMENT AND CONSERVATION ENGINEERING 2004 TO PRESENT

IT Specialist

®

UNIVERSITY OF WASHINGTON, SEATTLE, WA
SCHOOL OF AQUATIC AND FISHERY SCIENCES
FISHERIES ACOUSTICS RESEARCH LAB 2000 TO 2004

Research Consultant

UNIVERSITY OF MICHIGAN, ANN ARBOR, MI
COOPERATIVE INSTITUTE FOR LIMNOLOGICAL AND ECOLOGICAL RESEARCH

GREAT LAKES ENVIRONMENTAL RESEARCH LAB 1997 TO 2000
Programme r/Analyst

SHIELD INSURANCE SERVICES, GRAND RAPIDS, MI 1996 TO 1997
Applications Developer

EDUCATION ®
B.S., Fisheries and Wildlife, Michigan State University, East Lansing, M1 1995
AWARDS .
NOAA Bronze Medal 2007

For inventing and refining an inexpensive electronic measuring device to provide quick and accurate
measurements of fish lengths.
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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
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Yakutat Trough). Figure 1.—Typical trackline for the sumier Gulf of Alaska echo integration-trawl survey.
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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Low-cost Multibeam Mapping

Object Description Amount ($)
Class

1100 Direct Labor:
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1200 Benefits:

2100 Travel 5000

2200 | Transportation 1900

2300 Rents et al.

2400 Printing

2500 | Contracts: University of New Hampshire 45000
2600 | Supplies and Materials: 300
3100 | Equipment: Drop camera upgrades 1700
ME70 Downriggers 3500
ME70 Software 10000

4100 Grants

Total 67400
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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 FY 13 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 g 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 g. 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:

e 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.

e 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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