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the approximately 2.5 km?® study area. Depth, motion, and
heading were pulse-per-second time-stamped. Navigation
was performed using a Hemisphere VS-330 RTK GPS with
a horizontal accuracy of approximately 1.0 cm and vertical
accuracy of approximately 2.0 cm. To achieve greater than
100% coverage of the seafloor, overlapping lanes were used
and transect spacing and swath limits were established to op-
timize swath sounding quality and to minimize data artifacts;
observed sea state and water column stratification were con-
sidered in setting limits. The MBES transducer depth below
the water surface was calibrated and monitored throughout the
survey. Several patch tests were conducted during each survey
to allow computation of angular offsets between MBES sys-
tem components. The system was calibrated for local water
mass speed of sound by performing sound velocity profile
casts at frequent intervals.

Video imagery was collected using a towed video sled
system consisting of a lightweight aluminum frame, Outland
Technologies’ high-resolution low light color camera, two
wide-angle 250-watt lights with variable output control, and
scaling lasers. A GoPro Hero Black video camera was
mounted on top of the video sled and recorded HD video
and auto-captured still frames every 10 s. Video footage was
obtained with the vessel operating in drift mode, at speeds

ranging from 0.5 to 1 knots (0.25 to 0.5 m per second).
Video imagery was monitored in real-time and the vessel’s
hydraulic winch was adjusted to achieve optimal sled height
and video quality. A Hemisphere VS-330 RTK GPS mounted
to the vessel’s A-frame and the amount of cable spooled out
plus layback angle were used to determine video position.
Due to tide and sea conditions, the orientations of several
planned transects were modified in the field during each sur-
vey. A total of 47 video transects ranging from 54 to 1049 m
were sampled (12 in Summer 2015, 10 in March 2016, and 25
in August 2016).

An Ocean Imaging® Model DSC24000 PV underwater
camera system equipped with a Nikon D-7100 camera, strobe
light, scaling lasers, and bounce trigger was used to collect PV
images of the seafloor surface. The position of each image
captured was recorded using a Hemisphere VS-330 RTK
GPS mounted to the vessel’s A-frame. PV images were col-
lected from a total of 130 stations (56 stations in Summer
2015, 36 stations in March 2016, and 38 stations in August
2016); three replicate images were collected at each sampling
station. Replicates were located within an average of 3.5 to
5 m from mean station locations. In the August 2016 survey,
30 single camera drops along 5 transects running perpendicu-
lar to anchor furrows were also collected.

Table 1 CMECS classification levels used in analysis and classification examples

CMECS term Scale of Classification example BOEM guideline
classification
Substrate component
Substrate origin Site Geologic substrate

Substrate subclass*

Substrate group*
Substrate subgroup*

Surface pattern modifier
Biotic component
Biotic setting

Biotic class

Biotic subclass

Biotic group

Biotic community for primary biotic group
Biotic group percent cover modifier
Co-occurring element modifier (applied to

Video; plan view

Video; plan view

Plan view

Video; plan view

Site

Video; plan view

Video; plan view

Video; plan view

Video; plan view
Video; plan view
Video; plan view

Coarse unconsolidated
substrate

- Identification of rock outcrops and boulders*
- Identification of bedforms*

- Classification of CMECS sediment type*

- Grain size analysis*
- Classification of CMECS sediment type*

- Identification of bedforms*

Gravel mixes
Gravelly sand

Irregular

- Characterization of benthic habitat attributes™

- Classification to CMECS biotic class
- Characterization of benthic habitat attributes®

Benthic/attached biota
Aquatic vegetation bed

Attached fauna - Identification of potentially sensitive seafloor habitat*

- Classification to CMECS biotic subclass
- Characterization of benthic habitat attributes®

Attached filamentous algae - Classification to CMECS biotic group
- Characterization of benthic habitat attributes*

Attached Didemnum
Moderate (30 to < 70%)
- Attached Bugula

- Characterization of macrofaunal community
- Characterization of macrofaunal community

- Characterization of macrofaunal community

biotic group, community, percent cover)
Associated taxa modifier

Video; plan view Asterias

- Characterization of macrofaunal community

*NOAA Habitat Recommendations: CMECS substrate classification level included in NOAA Habitat Recommendations & BOEM Guideline also

included in by NOAA Habitat’s Recommendations
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Fig. 6 Spatial distribution of
habitats represented in terms of
physical habitat stability/mobility
from a PV and b video imagery
collected in Summer 2015 and
March 2016

observed in March were no longer present and Didemnum
vexillum were observed on small cobbles. Although several
PV images mapped directly to furrow locations, we observed
no definitive evidence of disturbance from anchoring activity
in these images.

Discussion
Moraine habitats located adjacent to the BIWF served as a
testing ground for benthic characterization and impact assess-

ment methodologies in these diverse and complex areas.
Using a multi-modal approach combining high-resolution
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MBES data and imagery from towed video and PV cameras
allowed us to assemble detailed baseline data on abiotic and
biotic habitat features to detect discrete anchoring disturbance
features and to present this information to state and federal
agencies in accessible and meaningful ways. MBES data pro-
vided seascape scale data on seafloor topography that were
instrumental in guiding PV and video imagery sampling.
Video imagery provided a view at the geoform scale and
allowed detection of habitat patterns and PV imagery provid-
ed the means to quantify physical and biological characteris-
tics of the seafloor at a granular scale and identify specific taxa
present. The use of high-resolution acoustic data in combina-
tion with visual imagery has since been highlighted as the



