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The “Offshore Video Survey and Oceanographic
Analysis: Georges Bank to the Chesapeake” project
introduced spatial data products that will significantly
advance the understanding of marine habitats and
ecological function in the Northwest Atlantic, from the
Hague Line and the northern edge of Georges Bank to
the mouth of the Chesapeake Bay. This study provided
new information about several species groups observed
in a video survey. Additionally, the project has provided
a comprehensive baseline of information on the benthic
habitat and associated oceanographic conditions on the
U.S. Northeast Shelf at a scale that is useful to fisheries
managers, spatial planners, and the wider community
of stakeholders.
The project was completed through two phases.
During the first phase, the project team assembled
and updated published data from the Northeast
Coastal Ocean Forecast System (NECOFS; http://
fvcom.smast.umassd.edu/necofs)and the University of
Massachusetts Dartmouth, School for Marine Science
and Technology (SMAST) scallop survey. Because
these data were already published, but not available
in a centralized location, this phase was critical for
establishing baseline of data to facilitate combined
analysis and integration into public data portals.
In the second phase of the project, ten years (2003–
2012) of data from the SMAST scallop survey and
NECOFS were used to create new products describing
the benthic habitat, benthic animal abundance and
distribution and the environmental conditions in
the survey area. This analysis facilitated a better
understanding of the spatial variability of oceanographic factors such as bottom and surface temperature and salinity, and sheer stress due to currents.
A key finding from this analysis was a comprehensive
evaluation of the sediment types and stability of those
sediments within the study region. Additionally, the
project team produced maps of abundance for eight
species and presence/absence maps for four species.
Together these 12 species represented the most
commonly observed benthic organisms over the study
region. These maps were produced annually, as 10-year
averages, and as anomalies over the time series to
provide a detailed species-by-species accounting of
the key benthic species in the region.

The project team also produced a map illustrating
regions with high benthic biodiversity in terms of the
main species sampled by the video survey. Illustrating
areas with the highest concentration of species from
the eight dominant groups with abundance data
provides a type of ‘hotspot’ identification that can be
useful for spatial planning and management. An area
of high biodiversity was identified in the Great South
Channel region on the southern portion of Georges
Bank, indicating that this is a region of significant
benthic biodiversity on the U.S. Northeast Shelf.

Major Findings
• This study utilized an existing management tool to
facilitate the interpretation and use of results.
• Data were leveraged from a single species survey to
create data products about multiple animal groups
(sea stars, scallops, bryozoans and hydrozoans, sand
dollars, hermit crabs, skates, sponges, red hake, moon
snails, crabs, flatfishes, and burrowing species) and the
environments in which they live.
• The result was a decadal snapshot of oceanographic
and benthic species distributions.
• Georges Bank appears to be a more dynamic ecosystem
than the Mid-Atlantic with larger magnitudes of benthic
stress, more areas with a higher diversity of benthic
epifauna, and coarser substrate types.
• Both surface and bottom temperatures have tended
to be more variable along the shelf break in the MidAtlantic Bight.
• On Georges Bank, bottom temperatures have fluctuated
more in the center of the shelf, but have remained
consistent around the shelf break. In contrast, surface
temperatures have tended to fluctuate more across the
whole of Georges Bank.
• Bottom salinities have tended to fluctuate more south
of Cape Cod.
• The most variable areas of either average or maximum
bottom stress are one location south of Nantucket and
an area in the center of Georges Bank.
• The Great South Channel appears to be an area of high
environmental variability and was most diverse in terms
of continently observed animal groups.

Introduction
The main goal of the “Offshore Video Survey and
Oceanographic Analysis: Georges Bank to the
Chesapeake” project (hereafter referred to as the
“project”) was to provide a better picture of the marine
environment on the highly productive U.S. Northeast
Shelf, from the Hague Line to the Chesapeake (Figure 1).
The University of Massachusetts Dartmouth, School of
Marine Science and Technology (SMAST) scallop video
survey contains a wealth of species and environmental
information that, with the exception of sea scallops
[1,2], had not been comprehensively evaluated to
improve the characterization of this region. Additionally,
information on sediment characteristics of Georges
Bank has lagged behind the biological information.
Until recently, habitat maps for Georges Bank consisted
of hand-drawn illustrations approximating areas of

Figure 1 The Northeast U.S. Shelf illustrating the various regions and the
spatial extent of the University of Massachusetts Dartmouth, School for
Marine Science and Technology scallop video survey within the Swept
Area Seabed Impact model grid (gray areas). Resource wide surveys
were conducted on Georges Bank and the Mid-Atlantic from 2003–2012
and in 2014 on a 5.6 km grid. Finer scale surveys on 1 km to 4 km grids
were conducted in various areas starting in 1999.

different environment types [1]. These deficiencies
represent an important gap in our knowledge of benthic
resources and habitat in the region. This is especially
relevant as habitat science and ecosystem based
considerations are becoming increasingly important.
Data products that provide information about animals
and their habitats can facilitate the move towards
ecosystem based management.
Thus, an objective of this project was to analyze
existing and new sources of benthic data and make
it publically available. Building off the SMAST video
survey and existing published regional oceanographic
studies; the project has provided a better understanding
of the marine habitats and ecological functioning of
the Northwest Atlantic. Additionally, new standardized
spatial data products have significantly advanced
the understanding of marine habitats and ecological
functioning in this area. A more holistic picture of
the benthic ecosystem is now available, providing a
baseline of knowledge on the benthic fauna and
habitat in the region. Creating such a baseline has
helped to establish a better understanding of where
benthic fauna is abundant on the shelf, has provided
improved mapping of regional sediment types, and
has increased the general knowledge of the
oceanography in the region.
The project was conducted over a two-year period,
ending in December 2015, and included two phases.
The main goal of the first phase was to make the
current data available within a single repository in
order to make them more broadly accessible. Data
on the oceanography, benthic habitat (i.e., sediments),
and biota were assembled from published and
available sources including the SMAST scallop video
survey and the Northeast Coastal Ocean Forecast
System (NECOFS) model (http://fvcom.smast.umassd.
edu/necofs). In the second phase, the project team
made an in-depth analysis of ten years (2003–2012)
of data from the SMAST video survey and generated
physical oceanographic data from the NECOFS model
to describe the environmental conditions in the
survey area.
The products from both phases consisted of a series of
maps, shapefiles, and supporting metadata designed
for access through the Regional Ocean Data Portals:
http://portal.midatlanticocean.org/portal
http://northeastoceandata.org
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Project Methods & Results
PHASE 1 Building a Geodatabase for Project Analysis Compatible with Regional Ocean Data Portals
Overview
The team organized published model and field data
to help understand the structure of the datasets, the
configuration of the portal websites where the data
would be housed, and any issues that might arise as the
assembled geodatabase was linked with the Regional
Ocean Data Portals. The data assembled included
information on oceanographic characteristics, benthic
habitat, and benthic animal abundance and distribution.
Because these data were already published, but not
available in a centralized location, this phase was
critical for establishing a baseline of knowledge to
facilitate further analyses.
Oceanographic data
Two oceanographic products were derived from the
Northeast Coastal Ocean Forecast System (NECOFS).
NECOFS is an integrated atmosphere/surface wave/
ocean forecast model system designed for the
Northeast U.S. covering a region from central New
Jersey to the eastern end of the Scotian Shelf. The
first product that the team assembled was 36-years
(1978–2013) of oceanographic data, which included
modeled bottom and surface temperature and salinity
time series. The second oceanographic product was
surface wave height and frequency for 2010. Both of
these products were available from the SMAST website
(http://fvcom.smast.umassd.edu/necofs) and were
linked to the Northeast Regional Ocean Portal.
Benthic habitat and animal data
The team also compiled benthic habitat data from
published sources to produce GIS shapefiles of
sediment type and sediment stability for the Regional
Ocean Portals. Sediments types for each area were
visually identified to particles ranging from fine (e.g.
sand) to coarse (e.g. boulders). Sediment stability
was estimated by combining the tidal strength
measurement from NECOFS with the measurement
of sediment size and type. Areas with stronger
currents and smaller particle size were less stable.
The underlying data for the benthic habitat and animal
data came from the University of Massachusetts
Dartmouth SMAST video surveys conducted from 1999
through 2012. These surveys were conducted with
help from the commercial scallop fishing industry and
covered the U.S. Northeast Continental Shelf from the
southern Mid-Atlantic to the USA-Canadian border

(Hague Line) on eastern Georges Bank (Figure 1). The
survey consisted of lowering a pyramid to the sea floor
that contained two video cameras that faced downward
and a single video camera that was angled parallel to
the sea floor in order to capture a side profile of the
surveyed area and any animals that might be swimming
or floating just off the sea floor (Figure 2). Additionally,
a still photograph was taken at numerous sites to aid in
species identification. Each survey station was selected
systematically. At each station, four separate areas
were surveyed, each about 50 meters apart. Within
each area, macroinvertebrates and fish were counted
and the substrate was identified. When possible
macroinvertebrates and fish were identified to species,
otherwise animals were grouped into categories based
on taxonomic orders.

Figure 2 University of
Massachusetts Dartmouth,
School for Marine Science and
Technology video survey pyramid
with cameras and lights used for
data collection.

Published data regarding scallop and skate distributions
were also shared as part of Phase 1. Since the survey
was designed to monitor scallop populations, scallop
data from the survey has been extensively analyzed and
used in management [3]. The project team created a
shapefile containing information on the number of adult
and juvenile scallops observed at each survey station
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from 2003 to 2012 and made this shapefile available
for the Regional Ocean Data Portals. MacDonald et al.
[4] analyzed skate data from the survey and produced a
map of the distribution of the skate complex on the U.S.

continental shelf from 2003 to 2009. The project team
updated these analyses to include abundance data
from 2010 to 2012 and made the data behind the maps
available as shapefiles for the Regional Ocean Portals.

PHASE 2 Create and compile draft maps of physical and biological data
Overview
The second Phase of the project focused on
supplementing and adding to the published data shared
in Phase 1. This was accomplished by expanding the
existing datasets temporally using survey data from
additional, more recent years and by creating new
distribution maps for animal groups not considered in
previous analyses. Further, the oceanographic data from
the NECOFS model was linked to the SMAST video
survey through the New England Fishery Management
Council’s Swept Area Seabed Impact (SASI) grid (SASI;
http://archive.nefmc.org/habitat/100201_SASI_
summary.pdf). The SASI grid consists of approximately
6,200 uniquely identified cells, a core of about 5,600
10 x 10 km2 cells and about 600 irregularly shaped
cells along the border with areas less than 100 m2, in
U.S. federally managed waters from Maine to North
Carolina. Linking the datasets through the SASI grid
promoted future analyses relating oceanographic
conditions, benthic habitat, and animal abundance and
allowed for consistent outputs to facilitate comparisons
and improve management applicability.

These values were then increased by one standard
deviation to identify a range that identified “normal”
deviation from the 10-year average. SASI grid cells
that contained residuals outside of this “normal” range
were then identified as anomalous. Stability maps for
temperature (Figure 3), salinity (Figure 4), and bottom
stress (Figure 5) were created by identifying the SASI
grid cells with the most annual values outside of the
“normal” range.

Table 1 Animal groups and variable studied.

Oceanographic data
The oceanographic data consisted of monthly averages
of bottom and surface temperature and salinity, and
bottom stress magnitudes from 2003 through 2012.
These data were linked to the New England Fishery
Management Council Swept Area Seabed Impact
(SASI; http://archive.nefmc.org/habitat/100201_SASI_
summary.pdf) model.
As a further step, the project team identified areas of
anomalous temperature, salinity, and bottom stress
values by subtracting the annual average values for
each variable from the 10-year annual average values in
each SASI grid cell. The positive and negative residuals
were then averaged separately to identify an average
higher or lower variation from the 10-year average.
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Figure 3 Maps indicating frequency of bottom or
surface temperature anomalies within a New England
Fishery Management Council Swept Area Seabed
Impact model grid cell. An anomaly was present within
a cell when an annual temperature value was one
standard deviation higher or lower than the average
decadal variation. Temperature values were derived
from the Northeast Coastal Ocean Forecast System.
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Figure 4 Maps indicating frequency of bottom or
surface salinity anomalies within a New England
Fishery Management Council Swept Area Seabed
Impact model grid cell. An anomaly was present
within a cell when an annual salinity value was one
standard deviation higher or lower than the average
decadal variation. Salinity values were derived from
the Northeast Coastal Ocean Forecast System.
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Figure 5 Maps indicating frequency of bottom stress
anomalies within a New England Fishery Management
Council Swept Area Seabed Impact model grid cell.
An anomaly was present within a cell when an annual
stress value was one standard deviation higher or
lower than the average decadal variation. Bottom
stress values were derived from the Northeast
Coastal Ocean Forecast System.

7

Figure 6 Map of the maximum sized and dominant (most common)
sediment types, as well as sediment coarseness and heterogeneity
based on sediment observations from the University of
Massachusetts Dartmouth, School for Marine Science and
Technology scallop video survey.

Oceanographic findings
The stability maps indicate different patterns of
variability between the regions and characteristics
examined. Both surface and bottom temperatures have
tended to be more variable along the shelf break in the
Mid-Atlantic Bight (Figure 3). On Georges Bank, bottom
temperatures have fluctuated more in the center of the
shelf in contrast to surface temperatures, which have
tended to be more variable across the whole of Georges
Bank (Figure 3). In contrast, bottom salinities have
tended to fluctuate more south of Cape Cod (Figure
4). Surface salinities have also been variable along the

Mid-Atlantic Bight, but there have been significant
fluctuations on the outer portion of Georges Bank
(Figure 4). The most variable areas of either average or
maximum bottom stress are south of Nantucket and in
the center of Georges Bank.
Benthic habitat data
The project team re-analyzed the sediment data from
the SMAST video survey and classified the habitat
over the survey region. At each survey site, the project
team determined the presence or absence of sediment
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Figure 7 Map of the spatial structure (i.e., clustering or random
distribution) of the maximum and dominant sediment types, as well as
sediment coarseness and heterogeneity based on sediment observations
from the University of Massachusetts Dartmouth, School for Marine
Science and Technology scallop video survey.

types ranging from sand to gravel to cobble and
boulders. Then, the team evaluated various descriptive
aspects of the sediments at each survey location
such as the dominance, maximum size, coarseness,
and heterogeneity of the sediment types (Table 1, see
Figure 6 for dominant sediment type), and whether the
sediments were clustered or randomly distributed over
the area (Figure 7).
Benthic findings
In general, the sediment type south of Cape Cod
tended to be sand and finer grained sediments.

In contrast, on Georges Bank, pockets of cobble
and boulder and intermediate or coarser sediments
were more common (Figure 6). Overall, there is
more structural heterogeneity of sediments on the
northern (inshore) area of Georges Bank (Figure 7).
Additionally, the team assessed whether there was
the presence of outcrops (i.e., clusters of stations
with a predominance of cobble or boulders) of
particular sediment types at a given survey site.
Logically, outcrops were more prevalent where there
was more structural heterogeneity of sediments,
i.e. on the northern (inshore) area of Georges Bank.
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Sediment stability was evaluated by comparing the
horizontal components of the tidal currents with the
maximum and dominant sediment types in a given
area to see whether the currents were strong enough
to potentially shift or alter the sediments at a particular
location. Understanding the sediment types in an area
provides critical information for understanding the

distribution and abundance of benthic species.
Similarly understanding the sediment stability is
important for understanding whether a particular
area will remain suitable for a certain species. The
most unstable sediment types and greatest forcing
were found to be on the northern (inshore) area of
Georges Bank (Figure 8).

Figure 8 Sediment stability on the U.S. Northeast Shelf.
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Figure 9 Average abundance of eight animal groups based on
observations from the University of Massachusetts Dartmouth, School
for Marine Science and Technology scallop video survey from 2003 to
2012. Moon snails were not quantified until 2005.

Benthic species data
There are approximately 50 taxonomic groups observed
by the video survey. The team presented information
about the twelve most frequently observed animal
groups in the largest camera view. From most to least
observed these were: (1) sea stars, (2) scallops, (3)
bryozoans and hydrozoans, (4) sand dollars, (5) hermit
crabs, (6) skates, (7), sponges, (8) red hake, (9) moon
snails, (10) crabs, (11) flatfishes, and (12) burrowing
species (identified by holes in the substrate). Species
less observed than these twelve were not analyzed
because data were too sparse and the team determined

that distribution maps would potentially be misleading.
For each species with abundance (count) data, the
project team compiled annual and 10-year distribution
maps illustrating the total abundance for each taxa
(Figure 9). Abundance data was available for sea
stars, scallops, hermit crabs, skates, red hake, moon
snails, crabs, and flatfishes. For the remaining groups
(bryozoans and hydrozoans, sand dollars, sponges,
and burrowing species), numerical count data was
not available, so the maps illustrate only presence or
absence of these groups (Figure 10).
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Figure 9 continued Average abundance of eight animal groups based on
observations from the University of Massachusetts Dartmouth, School
for Marine Science and Technology scallop video survey from 2003 to
2012. Moon snails were not quantified until 2005.
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Figure 10 Average presence of four animal groups based on
observations from the University of Massachusetts Dartmouth,
School for Marine Science and Technology scallop video survey from
2003 to 2012. Burrowing species, identified by holes in the substrate,
were not quantified until 2005.
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Benthic Species Findings
Illustrating areas with the highest concentration of
animals from the 12 dominant groups provides a type
of ‘hotspot’ identification that can be useful for spatial
planning and management. From 2003 to 2012, there
were consistently 6 or more species groups present in

the Great South Channel region on the southern
portion of Georges Bank (Figure 11), indicating that
this is a region of significant benthic biodiversity on
the U.S. Northeast Shelf.

Figure 11 Animal ‘hotspots’, areas with consistent above average
abundance of benthic animal groups (sea stars, scallops, hermit crabs,
skates, red hake, moon snails, crabs, flatfishes), based on observations
from the University of Massachusetts Dartmouth, School for Marine
Science and Technology scallop video survey from 2003 to 2012.
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Project Takeaways
• This study utilized existing management tool to
facilitate the interpretation and use of results.
• Data were leveraged from a single species survey to
create data products about multiple animal groups
(sea stars, scallops, bryozoans and hydrozoans, sand
dollars, hermit crabs, skates, sponges, red hake, moon
snails, crabs, flatfishes, and burrowing species) and the
environments in which they live.
• The result was a decadal snapshot of oceanographic
and benthic species distributions.

• On Georges Bank, bottom temperatures have fluctuated
more in the center of the shelf, but have remained
consistent around the shelf break. In contrast, surface
temperatures have tended to fluctuate more across the
whole of Georges Bank.
• Bottom salinities have tended to fluctuate more south
of Cape Cod.
• The most variable areas of either average or maximum
bottom stress are south of Nantucket and in the center
of Georges Bank.

• Georges Bank appears to be a more dynamic ecosystem • The Great South Channel appears to be an area of high
than the Mid-Atlantic with larger magnitudes of benthic
environmental variability and was most diverse in terms
stress, more areas with a higher diversity of benthic
of continently observed animal groups.
epifauna, and coarser substrate types.
• Both surface and bottom temperatures have tended
to be more variable along the shelf break in the MidAtlantic Bight.
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