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Project Title: Ground truth the presence and abundance of coral habitat on the eastern 
Bering Sea slope both inside and outside canyon areas 
Associated NMFS Science Center/Regional Office: Alaska Fisheries Science Center, Alaska 
Regional Office 
Principal Investigators: C. N. Rooper1, M. F. Sigler1, G.R. Hoff1 
1NOAA Alaska Fisheries Science Center 
Industry Partner: Marine Conservation Alliance, J. Gauvin (President), M. Burden (Executive 
Director) 
 
Background and Justification 

The eastern Bering Sea (EBS) slope and outer 
shelf is a region of enhanced primary and secondary 
productivity (the “Bering Sea Greenbelt”) and attracts 
large numbers of fish, seabirds and marine mammals. 
Productivity is enhanced because of physical 
processes at the shelf break including intensive tidal 
mixing and transverse circulation and eddies in the 
Bering Slope Current which bring nutrients into the 
photic zone1. About 40% of U.S. commercial 
fisheries catch originates from the eastern Bering Sea; 
some of these fisheries concentrate on the slope and 
outer shelf. The Magnuson-Stevens Fishery 
Conservation and Management Act (MSFCMA) 
mandates NOAA to conduct scientific research to 
identify habitats essential for managed species and 
minimize the effects of fishing on essential fish 
habitat to the extent practicable. The MSFCMA also 
provides discretionary authority to fishery 
management councils protect deep-sea corals. Two 
of the largest submarine canyons in the world 
(Zhemchug Canyon and Pribilof Canyon) incise the 
EBS shelf break2

In June 2013, the North Pacific Fishery 
Management Council (NPFMC) passed a motion requesting that field research be completed in 
2014 to identify areas of relatively high coral abundance on the EBS slope and outer shelf 
(particularly in Pribilof and Zhemchug canyons) and to ground truth an existing coral 
presence/absence model

 and are dominant geological 
features on the shelf break (Fig. 1).  
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1 Springer, A.M., McRoy, C.P., Flint, M.V., 1996. The Bering Sea Green Belt: shelf-edge processes and ecosystem production. 
Fish. Oceanogr. 5: 205–223. 

 for the region using in situ camera operations (or similar activities). 

2 Karl, H.A., Carlson, P.R., Gardner, J.V., 1996. Aleutian Basin of the Bering Sea: Styles of sedimentation and canyon 
development. In Gardner JF, Field ME, Twichell DC. Geology of the United States seafloor: the view from GLORIA. Press 
Syndicate of the University of Chicago, Chicago IL. 
Normarck, W.R., Carlson, P.R., 2003. Giant submarine canyons: Is size any clue to their importance in the rock record? Geol. 
Soc. Am. Special Paper 370. 
3 Sigler, M.F., Rooper, C.N., Hoff, G.R., Stone, R.P., McConnaughey, R.A., Wilderbuer, T.K. In review. Are Bering Sea canyons 
unique habitats within the eastern Bering Sea? Fish. Res. 

Figure 1. Map of the southeastern Bering Sea shelf 
and slope. The depth contours are 50, 100, 200 and 
1,000 m. The colors represent the probability that 
coral is present by 1 x 1 km grid cell for the eastern 
Bering Sea shelf and outer slope based on 
generalized additive modeling. The color scale 
ranges from 0.0 probability (white) to 0.8 (green). 
The x-axis label is easting and the y-axis label is 
northing and the unit is meters (Alaska Albers 
Equal Area Conic projection with center latitude = 
50° N and center longitude = 154° W). 
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The existing coral model was developed based on existing data from bottom trawl surveys of the 
EBS slope and outer shelf and was presented to the NPFMC in June 2013 as part of an analysis 
undertaken to test whether Pribilof and Zhemchug canyons are unique features on the EBS slope. 
The predictor variables were variables collected during the bottom trawl survey (e.g., water 
temperature) and gross bathymetric features (e.g., seafloor gradient). The predicted variables 
were the presence or absence of deep-sea hard corals (from the families Primnoidae, 
Stylasteridae, Paragorgidae, Plexauridae and Isidelladae). A generalized additive model (GAM)4

We propose a 30-day charter aboard a commercial fishing vessel to survey this area using 
a stereo drop camera system. The images collected during the survey will be used to estimate 
abundance and size of coral in the region and to ground truth model predictions. This 
information will improve our understanding of Bering Sea coral presence, density, and their 
attributes and in turn will help to inform types of management measures considered by the 
NPFMC for fisheries (e.g., gear modifications and area closures) which interact with these 
corals, should such management be necessary.  

 
was used to construct the relationships between predictor variables and predicted variables. The 
model output was on a 1 km2 grid and made predictions of the probability of coral presence at 
each grid cell of the EBS slope and outer shelf (Fig. 1).  

We also will collaborate with the Marine Conservation Alliance to conduct informal 
workshops with Bering Sea fishermen to gather their knowledge of specific locations where 
hard-bottom areas are found. The information from fishermen will be evaluated beside results of 
the visual survey and will complement the proposed fieldwork and model validation.  
 The primary objectives of the proposed 2014 research are: 

● Gather information from fishermen on locations of hard-bottom areas 
● Determine the presence/absence and density for major coral taxa at approximately 300 

transects on the EBS slope using a stereo drop camera 
● Measure the size and height of a subsample of the major coral taxa at each site  
● Compare the presence or absence of coral at each site, information from fishermen and 

the probability of presence predicted by the existing coral model 
● Apply the new information from fieldwork and fishermen in the coral model, produce 

revised predictions of coral locations and abundance and present this information to the 
NPFMC 

 The secondary objectives are to determine the presence/absence and abundance of major 
sponge taxa at the sampled transects, to measure the fine-scale association of fish and crab with 
coral and sponge and to record evidence of fishing gear impacts. 
 
Methodology 
 Approximately 300 transects will be sampled along the eastern Bering slope and outer 
shelf from Bering Canyon to Navarin Canyon (Fig. 1). This sample size was chosen based on a 
simulation of the effect of sample size on the performance of the coral presence/absence model 
as measured by the AUC-value, a test statistic used for evaluating GAM performance5

                                                 
4 Hastie, T., Tibshirani, R., 1990. Generalized additive models. Chapman & Hall/CRC. Boca Raton FL. 

. An AUC-
value of 0.78 was achieved for sample size of 300, about 85% of the value achieved for sample 
sizes of 1,000-2,000. AUC values of > 0.70 are considered acceptable and AUC values > 0.80 

5 Hosmer, D.W., Lemeshow, S., 2005. Multiple logistic regression. Applied Logistic Regression, Second Edition, John Wiley & 
Sons, Hoboken NJ. 
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are considered excellent5; therefore a sample size of approximately 300 stereo camera drops 
should result in a model with acceptable to excellent predictive power.  

Transects will be placed randomly and their density will be proportional to the predicted 
probability of presence from the existing coral model (Fig. 1), so that areas with higher predicted 
probability of presence will be sampled more frequently. Each transect location will be sampled 
with a stereo drop camera6

 A post-cruise image analysis will determine substrate types, species abundance and 
composition and size. Substrate type will be determined using a standard methodology that has 
been applied on the west coast and Alaska

. A computer simultaneously triggers two cameras and four strobe 
lights mounted within an aluminum frame, so that paired images are recorded every second. The 
image feed from a single camera is sent by coaxial cable to a monitor at the surface. In addition, 
an Aanderaa Instruments Seaguard attached to the aluminum frame will record depth, 
temperature, salinity, pH, oxygen and turbidity every 7 seconds. The vessel will either drift with 
the current, or if no current is present, maintain ~ 1 knot of headway on the camera in a randomly 
chosen direction for a 15 minute duration drift/tow. A scientist will view images and control the 
winch to maintain the camera system off bottom (~1 m). A transect typically is 500-m long and 
2.5 m wide for an area swept of 1,250 m2. GPS-based position and seafloor backscatter from the 
vessel’s Simrad ES60 38kHz echosounder will be continuously recorded during the cruise. 

7

 Each stereo image pair will be examined to identify and count the species of coral 
present. Many corals will not be identifiable to species when viewed underwater; these corals 
will be pooled into family groups (Primnoidae, Stylasteridae, Paragorgidae, Plexauridae and 
Isidelladae). We also will identify and count sponges (class Hexactinellida) which typically are 
found in the same habitats as these coral taxa; we will complete the same data collection, 
analysis and modeling for this sponge taxa as for the coral taxa. A random selection of 20 
individuals from each taxa and transect will be measured for height and width. While not 
measurable from visual surveys, rigidity of each taxa from previous collections of in-hand 
samples (e.g., trawl surveys) will be presented to the NPFMC when they consider approaches to 
managing impacts to these taxa.  The observation area of the camera will be measured from a 
random selection of 30 paired images from each transect and the average value used to compute 
taxa densities for each transect. These 30 images also will be used to measure the fine-scale 
association of fish and crab with corals and sponges; the distance from fish (and crab) to the 
nearest coral (or sponge) will be measured. 

. Primary (>50% coverage of the seafloor bottom) and 
possibly secondary substratum (20-49% coverage) are recorded using seven substratum types: 
mud, sand, pebble (diameter <6.5 cm), cobble (6.5 < diameter < 25.5 cm), boulder (diameter 
>25.5 cm), exposed low relief bedrock, and exposed high relief bedrock and rock ridges. In 
addition, evidence of fishing gear impacts, including trawl furrows, lost gear and broken coral or 
sponge will be recorded. 

                                                 
6 Williams, K., Rooper, C.N., Towler, R. 2010. Use of stereo camera systems for assessment of rockfish abundance in 
untrawlable areas and for recording pollock behavior during midwater trawls. Fish. Bull. 108: 352-362. 
7 Rooper, C.N., Boldt, J.L., Zimmermann, M.  2007. An assessment of juvenile Pacific Ocean perch (Sebastes alutus) habitat use 
in a deepwater nursery.  Estuar. Coast. Shelf Sci. 75:371-380. 
Stein, D.L., Tissot, B.N., Hixon, M.A., Barss, W., 1992. Fish-habitat associations on a deep reef at the edge of the Oregon 
continental shelf. Fish. Bull. 90: 540-551. 
Yoklavich, M.M., Greene, H.G., Cailliet, G.M., Sullivan, D.E., Lea, R.N., Love, M.S., 2000. Habitat associations of deep-water 
rockfishes in a submarine canyon: an example of a natural refuge. Fish. Bull. 98: 625-641. 
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 The analysis will pool the data into family taxonomic groupings. Presence/absence and 
abundance (numeric density) data will be directly compared to the predictions of the existing 
coral model based on bottom trawl data using the AUC-value and the correlations between 
observations and predictions. We also will complete this comparison for the existing sponge 
model. Additional refinement of the models will be carried out if necessary and will incorporate 
the habitat measurements (e.g., oxygen) collected during the fieldwork. Final models of 
presence/absence and abundance, as well as diversity (number of families on each transect) and 
size (by taxa), will be used to calculate predictions for 100 by 100 m square blocks (a finer grid 
than the existing model) in the EBS and will be presented to Alaska Region fisheries managers 
and the North Pacific Fishery Management Council. The presentations are the first part of the 
outreach strategy for this project. 

Prior to the fieldwork, workshops will be conducted with Bering Sea fishermen to gather 
their knowledge of specific locations where hard-bottom areas are found. The workshops are the 
second part of the outreach strategy for this project. MCA will take the lead in developing a 
standardized framework, questions, and process for the workshops and will coordinate with the 
fishing associations operating on the Bering Sea slope. Similar workshops previously have been 
conducted for the Gulf of Alaska and Aleutian Islands and were organized by member 
organizations of MCA, who also will organize these workshops. Fishermen attending the 
workshops will be informed from the outset that the next step will be to conduct video surveys in 
the areas of relatively high coral abundance (based on the existing coral model) and see how well 
their information represents what is seen from the fieldwork. In these workshops, fishermen will 
be asked to identify general areas of hard bottom and then to fill in fine-scale features such as 
banks and isolated rocks using their knowledge, charts and vessel plotter records. Workshops 
likely will be held separately for different gear types and fisheries because of differences in 
where each fishes. This information will be processed as geo-referenced overlays, compared to 
the results from the fieldwork and used as additional habitat information to revise these models.  

The timeline and deliverables are: 
1. Conduct workshops (December 2013 - January 2014) 
2. Complete cruise aboard chartered fishing vessel (sometime during May to August 2014) 
3. Complete image analysis (April 2015) 
4. Complete ground truth comparisons and model revisions (May 2015) 
5. Present report on comparison of model predicted presence, abundance, and diversity to 

observations and revised predictive model parameters to Alaska Region managers and 
NPFMC (June 2015) 

6. Present maps of the predicted presence, abundance, size and diversity of coral and sponge 
to overlay with fishing activity in these regions to Alaska Region managers and the 
NPFMC (June 2015) 

 
Linkage to MSRA Section 318 Priority Area(s) 
 This study is linked to MSRA Section 318 priority area 4 (conduct project … relevant to 
conservation of habitat) and MSRA Section 408 (conduct research, including cooperative 
research … on deep sea corals) because this research focuses on deep sea coral habitat and this 
study has been requested by the NPFMC in managing conservation of habitat that support 
eastern Bering Sea fisheries. Nearly 40% of U.S. commercial fisheries landings originate from 
the eastern Bering Sea. 
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National applicability/implementation that cuts across multiple regions  
 The field and modeling approaches of this study are applicable across multiple regions. 
Coral presence/absence models currently exist for all 6 NMFS Regions. However there has been 
little or no systematic validation for most of these efforts. For example, a habitat suitability 
model for Lophelia spp. banks has been developed and could be used to guide HAPC 
designations in the Southeast Region if sufficient ground truth data were available. The research 
proposed here will provide a methodology for improving existing models and ground truthing 
these models in other regions. Additionally, incorporating an evaluation of the utility of 
information available from fishery participants for predicting coral abundance has never been 
done formally before (to the best of our knowledge) and holds promise for increasing the 
knowledge base for coral abundance in a cost-effective manner. 
 
Detailed Budget 
Description Coop. Res. Natl. Coop. Res. Reg. EFH DSCRTP 
Overtime    $16,463   
Benefits   $1,317   
Travel   $7,000   
Transportation   $3,400   
Rents (charter) $200,000  $100,000   
Contracts   $110,240  
Supplies     $3,749 
Equipment     $40,800 
Total $200,000  $100,000 $138,420 $44,549 
 
Funding will be requested from three sources: Cooperative Research, Essential Fish Habitat 
(EFH) and Deep Sea Coral Research and Technology Program (DSCRTP). Field work will 
involve travel ($7,000), 30 vessel charter days including fuel ($300,000), overtime ($16,463) and 
transport of equipment and supplies from Seattle to Dutch Harbor and return. Thirty vessel 
charter days are necessary to reach the target sample size of 300 transects, based on previous 
experience. The request for Cooperative Research funds will be shared between the National 
($200,000) and Regional ($100,000) sources because National requests are capped at $200,000. 
We also request contract funds to cover 12 months of contractor time to analyze the images 
($110,240), based on current contract prices and anticipated processing time. We anticipate that 
300 transects of 15-min duration will be collected during the project and processing time usually 
is 5-7 hours per transect. Funds for equipment ($40,800) will cover a winch to deploy and 
retrieve the underwater camera. The camera and associated winch cable were purchased with FY 
2013 AFSC funds ($25,820). We also request funds for connectors for the winch and monitor, 
underwater ethernet connections for the camera sled, shipping cases, and routine equipment 
replacement costs based on costs from previous years ($3,749).  MCA and its partners will 
provide an in-kind contribution of approximately $22,400 to develop and test a survey tool and 
facilitate workshops to gather baseline data ($6,900), compile that data into a format suitable for 
analysis ($5,000), and prepare a report describing the process, the methodology, findings, and 
interpretation of the information ($10,500).  



Christopher N. Rooper 
Work: NMFS, Alaska Fisheries Science Center 
7600 Sand Point Way NE, Seattle WA 98115 

(206) 526-4689 
Chris.Rooper@noaa.gov 
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Curriculum Vitae 
 
NAME:  Dr. Gerald Raymond Hoff 
TITLE:  Research Fisheries Biologist 
 
PROFESSIONAL ADDRESS:     CONTACT  
Alaska Fisheries Science Center     work:  206-526-4580 
NOAA/National Marine Fisheries Service   email:  jerry.hoff@noaa.gov  
7600 Sand Point Way N.E. 
Seattle, Washington 98115 

 
EDUCATION 
Ph.D. Fisheries Science, University of Washington, Seattle, Washington, 2007 
M.A. Marine Science, University of Texas, University of Texas at Austin, 1992 
B.S., Marine Biology, University of West Florida, Pensacola, Florida, 1988 
High School Diploma, Wing Public High School, Wing, North Dakota, 1980  
  
RESEARCH & WORK EXPERIENCE 
Research Fisheries Biologist: 
Alaska Fisheries Science Center (NMFS) Seattle, Washington (October 1996-present)  
My research includes life history studies, deep-sea ecosystems, taxonomic issues and biodiversity in 
relationship to long term trends in fisheries independent and fisheries data. My current work focuses on the 
dynamics of skate nurseries in Alaskan waters with a focus on the unique habitat that may dictate nursery 
site selection along the upper continental slope.  
 
I am a member of the eastern Bering Sea groundfish program and organize, implement and analyze trawl 
survey data. In addition I have been the lead scientist for the Eastern Bering Sea Upper Continental Slope 
Survey since 2002. The biennial survey collects groundfish and invertebrate biological data on a biennial 
basis for fisheries management stock assessments. 
 
PUBLICATIONS  
Hoff, G.R. (2010) Identification of skate nursery habitat in the eastern Bering Sea. Marine Ecology Progress 

Series. 403:243-254. 
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Hoff, G.R. (2009). Embryo developmental events and the egg case of the Aleutian skate Bathyraja aleutica 

(Gilbert) and the Alaska skate Bathyraja parmifera (Bean). Journal of Fish Biology. 74, 483-501. 
 
Hoff, G.R. (2009). Skate Bathyraja spp. egg predation in the eastern Bering Sea. Journal of Fish Biology. 74, 

250-269.  
 
Hoff, G.R. (2008). A nursery site of the Alaska skate (Bathyraja parmifera) in the eastern Bering Sea. 

Fishery Bulletin. 106:233-244. 
 
Hoff, G.R. (2007). Reproductive biology of the Alaska skate Bathyraja parmifera, with regard to nursery 

sites, embryo development and predation. Ph.D. Dissertation, University of Washington, Seattle. 161 pp. 
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October 29, 2013 
 
 
John C. Clary 
CAPT, NOAA (ret’d) 
Logistics Officer 
NOAA Fisheries Service 
Alaska Fisheries Science Center 
Seattle, WA 
 
Re: Support for NMFS Cooperative Research Proposal “Ground truth the presence and 
abundance of coral habitat on the eastern Bering Sea slope both inside and outside 
canyon areas.” 
 
Dear Capt. Clary, 
 
The At-sea Processors Association (APA) is a trade association representing six 
companies that own and operate 16 U.S.-flag catcher/processor vessels that participate 
principally in the Alaska pollock fishery and west coast Pacific whiting fishery. By weight, 
these abundant, well managed groundfish fisheries account for more than one-third of all 
fish harvested in the U.S. each year.  As partners in these robust fisheries, APA works 
with fishery managers, scientists, environmentalists and other industry members to 
ensure the continued health and sustainability of our marine resources.   
 
We support the NMFS Cooperative Research Proposal that seeks to verify the presence 
and abundance of coral habitat in Bering Sea canyon areas through gathering empirical 
data on corals in the Bering Sea. 
 
The research proposed by Rooper, Sigler, and Hoff is critical for taking the next step in 
the North Pacific Fisheries Management Council’s consideration of Bering Sea coral 
management efforts—work that was requested of the NMFS by the NPFMC in June, 
2013.  
 
The research is very important for verifying the results of a model developed by AFSC 
staff, which predicted coral presence and absence in the Bering Sea based primarily on 
data from bottom trawl surveys. This research will provide empirical data critical to 
discussion on potential fisheries management measures, such as identifying coral 
characteristics in these areas, their density, and the presence of fishing effects.  
 
We encourage NOAA to fully fund the requested amount, as this research is vital to 
ensuring that policy decisions pertaining to the Bering Sea canyons are robust and 
based on sound science. 
 
Sincerely, 

 
 
Stephanie Madsen 
Executive Director 
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