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Introduction 

The purpose of the image analysis is to generate spatially explicit data on habitat attributes such 

that particular locations can be classified more or less vulnerable to hydraulic clam dredge gear. 

The purpose of this document is to describe these image analyses. To generate information 

useful for development and evaluation of alternatives, the PDT completed the following steps: 

 

1. Identify habitat attributes that contribute to vulnerability to hydraulic clam dredges. 

2. Determine how best to catalog and visualize these attributes using the video survey 

images. 

3. Extract information from the images and generate an updated database. 

4. Create spatial data/maps using a Geographic Information System. 

5. Assemble example images of more vulnerable and less vulnerable seafloor habitat types. 

 

The Swept Area Seabed Impact (SASI) analysis was completed by the PDT to support OHA2 

and can be used as a starting point for thinking about how to classify habitats (analysis is 

documented in an appendix to OHA2, NEFMC 2011). Existing outputs of SASI include (1) 

habitat maps that classify the seafloor based on dominant sediment and energy (Error! Reference 

source not found.), (2) a feature by feature, spatially independent assessment of habitat 

vulnerability to clam dredges (see previous section), (3) spatially explicit habitat vulnerability 

maps that combine the seafloor habitat map with the vulnerability assessment (Error! Reference 

source not found.), and (4) maps of estimated realized adverse impacts associated with the clam 

dredge fishery between 2000 and 2009 (Error! Reference source not found.). These realized 

adverse effects maps are similar to the habitat vulnerability maps, except that the SASI model is 

run with actual fishery-dependent effort data rather than assuming a uniform effort distribution. 

The realized effects maps predate the expansion of the clam fishery onto Georges Bank. While 

these existing data products remain useful, additional analysis would better support development 

of exemption area alternatives.  

 

The SASI habitat maps classify a location according to its dominant sediment (mud, sand, 

granule or pebble, cobble, boulder) and energy regime (high or low). Sediment point data for the 

maps were taken from the SMAST video survey and the USGS usSEABED database.  The video 

survey is the primary contributor to the sediment maps in both HMAs under consideration here. 

To classify the sediment type in the video survey, the station was classified as dominated by a 

grain size of sediment if that sediment type was the largest type occurring in all four images 

collected at a station (Harris and Stokesbury 2010, NEFMC 2011). For example, a habitat 

mapping grid was classified as boulder-dominated if all four images at the station had boulder 

present. A grid was classified as cobble dominated if all four images taken at the station had 

cobble, and three or fewer images had the larger grain size, boulder. The approach was the same 

for granule-pebble, sand, and mud, with the larger grain size taking priority in mapping if 

multiple grain sizes were observed in all four quadrats. There are no mud habitats in either of 

these two HMAs. The SASI substrate map utilized Thiessen polygons to interpolate sediment 

type between data points. 

 

The sediment classification approach used in SASI provides a substantial amount of information 

that is useful for fishery management, but additional image analysis could enable a finer-scale 

more assessment of substrate to better discriminate the vulnerability of different areas. For 
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example, under the dominant sediment model, a station with only a few cobbles in a matrix of 

sand would be mapped and categorized the same as a station with 100% cover of cobble with 

little to no visible sand, provided that cobbles were observed in each of the four quadrats.  The 

cobble pavement habitat would have many more attachment sites for epifauna and more three 

dimensional habitat and interstitial spaces for juvenile fish shelter. Thus, one objective of this 

analysis is to define categorical substrate types that have high potential biological value and 

substrates that are more vulnerable to hydraulic clam dredging.   

 

Another area where there is room to add detail to the SASI habitat maps is in terms of 

understanding the distribution of biological features. The SASI vulnerability assessment 

evaluated the vulnerability (susceptibility plus recovery) of individual biogenic habitat features 

but did not map the locations of epifauna species. Rather, epifauna likely to occur in a particular 

sedimentary environment were inferred for the purpose of modeling habitat vulnerability. These 

inferences were informed and ground truthed using the video survey images at a regional scale, 

but epifauna presence at individual stations was not mapped. A re-evaluation of the video survey 

images affords an opportunity to map individual biogenic habitat features of conservation 

interest.    

Habitat vulnerability to hydraulic dredging 

The first step in this analysis was to agree on which characteristics make seafloor habitats 

vulnerable to the effects of hydraulic dredging. This supports the assignment of habitats, as 

depicted in seafloor imagery, into more and less vulnerable categories. A critical related question 

treated more detail in the framework document is why such habitat are useful to fish. In addition, 

it is important to assess which questions about impacts and vulnerability can be addressed with 

available data and which questions are beyond the scope of this analysis, given available data. 

Vulnerable habitat features 

More vulnerable habitat types include areas with attached epifauna, or the potential to support 

epifauna, i.e. appropriate geologic structures including gravel sediments, especially larger sizes 

of gravels arranged as a pavement or in piles. Specifically, pebbles, cobbles, and boulders 

provide more stable attachment sites vs. granules. In the Great South Channel HMA, there are 

mobile sand habitats with occasional large boulders that have substantial amounts of attached 

epifauna. The refuge provided by these large boulders may be particularly important in areas 

where the underlying soft sediments are highly dynamic. Less vulnerable habitat types include 

areas that are sand dominated, or areas that have gravel sediments but with a low percent cover 

(<10%). However, the landscape setting is important, as a large area of lower density patches 

that provide cover could still provide significant benefits for fishes. Areas with higher percent 

coverage of gravel (>30%) are particularly high-quality habitat. Even if vertical relief is low, e.g. 

locations with pebbles where epifauna consists of hydroids and other smaller species, these 

locations may be useful to very small/young fishes. The current poor conditions of some fish 

stocks that occur in these locations (e.g. Georges Bank cod) should influence determinations 

regarding thresholds for assessing an area as more vulnerable vs. less vulnerable. 

 

The specific epifaunal community present influences overall habitat vulnerability. While all 

types of attached epifauna likely have similar susceptibility to impact, due to the action of 
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hydraulic clam dredges on the seafloor, recovery times are variable by taxa, which will influence 

overall assessment of vulnerability. For example, hydroids have seasonal growth and annual 

recruitment patterns, while sponges (e.g. Isodyctia), tunicates (e.g. Boltenia), and mussels are 

longer lived. Features in high energy/highly dynamic habitats are expected to be better adapted 

to disturbance and therefore have somewhat faster recovery times. In general, clam fishing 

grounds, including those on Nantucket Shoals, are considered high energy habitats. 

 

Given concerns that past fishing has impacted epifaunal distribution and abundance, the potential 

to host epifauna is more important than current presence of epifauna in terms of assessing 

whether an area is more or less vulnerable. A lack of epifauna in an image doesn’t mean that 

epifauna didn’t occur there before the image was taken, or that there wasn’t recolonization of the 

site at a later time. 

 

We know from previous mapping efforts that seabed substrates (both sediment and epifauna) are 

heterogeneous, but the spatial scales of this patchiness relative to the spatial scales at which 

fishing activities occur are difficult to fully ascertain. Because stations are not located in the 

same places every year, these data cannot be used to answer questions regarding persistence. 

Despite this, persistence remains an important question in the context of habitat function in 

relation to impacts (both natural and anthropogenic). 

Tidal and storm-generated vs. fishing disturbance of the seafloor 

Clam dredge effects differ from disturbance due to tidal and storm-generated currents. The 

effects of clam dredging are additive to the effects of natural disturbance, and locations that are 

highly-disturbed by currents and storms are susceptible to additional impacts from dredging. 

Depth of disturbance varies between typical storms and clam dredges. Gear characteristics 

including tine depth and water pressure, but primarily water pressure, influence the effects of 

hydraulic dredges on the seabed. Water pressure is increased in more resistant bottom types in 

order to bring clams to the surface of the sediment. The teeth or tines on the dredge help to 

“rake” clams from the sediment surface into the dredge.  

 

Clam dredges can stir up both sand and pebble/cobble seabed to a depth of 8-10 inches. By 

contrast, tidal and storm currents do not penetrate the seabed, rather they move sediment across 

the seabed surface and form ripples and larger bedforms, and their effect is diminished on 

pebble/cobble seabeds where less sand is present. Dredges are effective in removing both 

encrusting and erect attached epifauna from rocks by abrasion and moving sand can smother 

encrusting epifauna. Similarity in impact likely diminishes in pebble/cobble bottom where 

dredging will still disturb the sediment to depths of 8-10 inches, but storm waves won’t penetrate 

that deep. In addition, dredges are likely more effective at removing epifauna from rocks than a 

storm because the pressure at the sediment surface is very high and is directed vertically. 

 

It is not possible to assess the magnitude of natural disturbance from static images, or even 

video, but evidence of moving sand was noted in this analysis. This includes photos where 

attached epifauna such as tunicates or sponges are emerging through sand, areas where cobbles 

and boulders are partially buried, and areas where sand waves are present. The imagery will not 

be useful for understanding effects of clam dredges on infaunal species that live buried in the 
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sand. Benthic boundary shear stress model outputs and maps are available to quantify tidally-

generated currents.  

Seasonal changes in habitat features 

Given that the imagery for these areas was generally collected between April and June, we do 

not have the data to understand seasonal patterns in epifauna cover or recruitment. Because the 

GSC HMA is currently fished with hydraulic clam dredges, as well as other gears, we cannot 

know whether lack of epifauna results from gear impact. Low abundance of epifauna may be a 

result of many different factors, such as recent fishing, sand movement, predation, seasonal 

variations, low larval supply, and/or low food supply. It is not possible to know which 

combination of factors influences occurrence or relative abundance of epifauna at any particular 

site. Again, the landscape context is important, and low epifaunal areas should be examined for 

spatial contiguity with areas of higher epifaunal coverage. If epifauna are present, they are 

resilient to the natural disturbance regime, and the habitat has been stable/undisturbed for a long 

enough period to support epifauna growth. Longer lived species would indicate a longer period 

of stability. 

Extracting additional habitat data from video survey imagery 

Video survey background 

The SMAST video survey is a centric, systematic survey that employs three video cameras and a 

digital still camera mounted on a steel frame, or pyramid, which is deployed from commercial 

scallop vessels (Figure 1; survey is described in Stokesbury 2002, Stokesbury et al. 2004). The 

large camera view covers an area of 3.2 m2 and is taken from a camera mounted at the top of the 

sampling pyramid. The small camera view covers an area of 0.8 m2 and is taken from a camera 

mounted partway down one of the pyramid arms. An additional video camera is mounted at the 

base of the pyramid and has a horizontal (side) view across the seafloor. The digital still camera 

covers an area of 1.13 m2 and is this camera is also mounted at the top of the sampling pyramid. 

This analysis used the digital still camera data. 

 

At each station, four camera drops are collected. Between each of the four drops, the pyramid is 

raised so that the seafloor substrate can no longer be seen, and then the equipment is lowered 

again. The vessel drifts with the current as these drops are completed, such that the quadrat 

spacing varies slightly with the speed of the current. Imagery from all three video cameras is 

relayed to the wheelhouse of the vessel in real time to enable sampling and allow for initial 

assessment of sediments, scallops, and other features of the substrate. The digital still camera 

images are downloaded and reviewed periodically during each sampling cruise. In the laboratory, 

still images are extracted from the large and small camera views and various geological and 

biological features are catalogued in a database. The digital images are analyzed in a similar 

manner. Digital still images were first collected in 2006. 

 

Station spacing varies somewhat by cruise, although a 3 nm spacing is standard. A finer scale 

grid has been used to sample particular areas of interest, including the Great South Channel. 

During the early years of the survey, some station locations in the Great South Channel HMA 

were repeated 3-4 times, with repeat samples approximating the same location, but not precisely 
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overlapping. However, these early repeat stations do not overlap closely enough to permit direct 

comparison between years to indicate habitat changes over time. Over time the sampling 

protocol was adjusted such that the survey grid was shifted on an annual basis (i.e. the survey 

grid was propagated each year from a different starting point). 

 

The earliest data for the Great South Channel region are from 2000. Within the Great South 

Channel HMA (both potential exemption and mobile bottom-tending gear closure sections), 

there are 1,384 stations from 2000-2015 with Large Camera data. Of these, 299 stations have 

digital still camera images and data (royal blue circles), and images are available for an 

additional 215 stations (blue-green circles). Finer scale surveys were conducted in 2004 and 

2006, and account for half the data for this HMA (digital images are available for the 2006 

survey only. After reviewing the coverage of digital still vs. video-based images, and assessing 

image quality/resolution, the PDT concluded that the best approach was to analyze digital still 

images only for this project.  
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Figure 1 – Video survey pyramid configuration. Figures courtesy of SMAST. Upper image shows 2005-
2016 configuration; lower image shows 2017 configuration. 
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Figure 2 – Distribution of video survey stations in the Great South Channel HMA.  

 
 

Sediment analysis 

Currently, for each image, each grain size is classified as present or absent in the SMAST 

database. For this supplementary analysis, the analyst will identify presence or absence of sand, 
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pebble, cobble, or boulder, and when one or more size classes of gravel are present, percent 

cover of all gravels combined will be estimated. Percent cover will be assessed as <10% 

coverage, 10-30% coverage, and >30% coverage. It is likely difficult to distinguish granule from 

sand sediments in the images so the focus is on pebble-sized particles and larger in terms of 

gravel coverage (roughly 1 cm or larger). For images that were previously analyzed, 

presence/absence of sand, pebble, cobble, and boulder will be confirmed. 

 

Sand Pebble Cobble Boulder 
Gravel 

(pebble/cobble/boulder) 

Absent Present Absent Present Absent Present Absent Present Percent cover 

 

Various methods were considered to analyze percent cover from the images. These included 

visual estimation of the image without applying a grid, the simplest approach, and where a grid 

was overlaid on the image and sediment characteristics were assessed one of three ways within 

each grid cell. The grid approaches included: 1) summing the number of cells where gravels 

were present; 2) summing the number of cells where gravels covered greater than 25% of the 

cell; and 3) visually estimating gravel percent cover per cell and calculating gravel percent cover 

for the entire image. Estimating percent cover within each grid cell and calculating the percent 

cover of the image level is assumed to be the most accurate, but this method was extremely time 

consuming. Using the grid-based approaches of gravel presence/absence and cells with greater 

than 25% cover were much faster than evaluating the percent cover in individual cells, but more 

time consuming than the un-gridded visual estimation approach. However, the results of the 

these approaches are not actual percent cover estimates, but rather estimates of the percentage of 

grids with any gravel, or greater than a threshold percent cover.  Interpretation of these percent of 

grid cell results would be complicated, and likely to lead to a high degree of inaccuracy because 

the percent cover in each grid can vary widely. For these reasons, the method selected was to 

visually estimate the percent cover, without a grid, for the image as a whole. The gridded percent 

cover method will be used on a subset of images for evaluating the accuracy of the selected 

visual estimate method. 

Epifaunal analysis 

The SASI vulnerability assessment included the following epifaunal groups: tube-dwelling 

amphipods, anemones, ascidians, brachiopods, bryozoans, sea pens, hydroids, macroalgae, 

epifaunal bivalve mollusks, tube-dwelling polychaete worms, and sponges. 

 

The SMAST video survey image analysis database already captures many of these groups, 

including tube-dwelling amphipods (classified as “ad” for Ampelisca detritus), anemones, 

ascidians (“tunicate”), bryozoans (grouped with hydroids in database as “bHydra”), sea pens 

(part of a more generic category “corals”), macroalgae (“seaweed”), epifaunal bivalve mollusks 

(decomposed into “scallops” and “mussels”, including seed and clapper scallops), tube-dwelling 

polychaete worms (Filograna implexa, specifically), and sponges. Brachiopods are not identified 

in the video survey. The video survey database also includes additional invertebrate groups such 

as sea stars and urchins, plus various fishes. 

 

For this supplementary analysis, there would be two objectives: (1) confirm the presence of 

specific epifauna groups already cataloged in the database, (2) flag images that have presence of 
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specific long-lived taxa or have very high density of epifauna (>30%). Information at the image 

level would be pooled at the station level for mapping purpose. Thus, presence of the specified 

attached epifauna types in at least one image would flag the station as epifauna present. 

 
Absent Present Long-lived taxa Percent cover 

The following types of 
structure-forming fauna 
are absent, or present but 
at very low density: tube-
dwelling amphipods, 
anemones, ascidians, 
brachiopods, bryozoans, 
sea pens1, hydroids, 
macroalgae, epifaunal 
bivalve mollusks, tube-
dwelling polychaete 
worms, and sponges. 

Structure-forming fauna 
from one or more of the 
following groups are 
visible in image: tube-
dwelling amphipods, 
anemones, ascidians, 
brachiopods, bryozoans, 
sea pens, hydroids, 
macroalgae, epifaunal 
bivalve mollusks, tube-
dwelling polychaete 
worms, and sponges. 

Used to indicate if 
any of the following 
species are 
observed: stalked 
ascidian Boltenia 
ovifera, finger 
sponge Isodyctia 
spp.  

Used to indicate if 
epifauna are 
present at high 
densities (>30%). 

 

The following information was developed or confirmed for each image. Format of all fields was 

presence or absence, unless otherwise noted. 

 
Field Description 

G_LT_10 Gravel less than 10% of image 

G_10-30 Gravel between 10-30% of image 

G_GT_30 Gravel greater than 30% of image 

pavement Gravel pavement 

cobble Cobble present 

boulder Boulder present 

PBB-C Partially buried boulder or cobble 

ND_Sand_waves Sand waves not distinct, mound 

D_Sand_waves Sand waves distinct, with ridge 

shellDebri Pieces of shell present 

whole_shell Whole shells present 

GT_30_EPI Epifauna greater than 30% of image 

bryozoan Bryozoans present 

hydroid Hydroids present 

coraline_alg Coralline algae present 

sponge Any encrusting, low relief sponge (not Isodictya or Polymastia) 

isodictya Isodictya sponge 

polymastia Polymastia sponge 

buried_poly Buried Polymastia – only papillae/fistules showing above sediment 

tunicate Tunicates (e.g. Boltenia present) 

anemone Anemones present 

filo Polychaete worm Filograna implexa present 

seaStars Sea stars present 

                                                 
1 Probably unlikely to occur in these two locations 
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Field Description 

crabs Rock crabs present 

hermitCrab Hermit crabs present 

euphausids Euphausids (krill) in water column) 

tubes Soft tubes extending from sediment 

scallop Sea scallops present (original SMAST data includes count) 

barnacle Barnacles present 

mussel Mussels (horse or blue) present 

moonsnail Moonsnail present 

moonsnailEggCase Moonsnail egg case/collars present 

sandDollar Sand dollars present 

urchin Sea urchins present 

coral Corals present 

ctenophore Ctenophores in water column 

mouse Polychaete Aphrodita present 

echinodermOther Other echinoderms present (e.g. sea cucumber) 

otherCrust Other crustaceans present 

otherMollusk Other mollusks present 

seaweed Seaweed/macroalgae present 

skateEggCase Skate egg case(s) present 

NOTES Notes about the image 

 

Data summary and mapping 

Because each image is one of four replicates at a station, the next step is to combine data from 

multiple images at a station to generate a substrate complexity score at the station level. Data 

across quadrats will be pooled at the station level since the goal is to identify the presence or 

absence of habitat types at this level. The following data products will be generated: 

 

1. Absence vs. presence of complex habitat:  

a. Absence (0) = all quadrats have < 10% coverage of pebble/cobble/boulder 

substrate 

b. Presence (1) = at least one of the four quadrats has > 10% coverage of 

pebble/cobble/boulder substrate, OR cobble is present at the station, OR boulder 

is present at the station 

2. Presence of cobble at the station (any one of the four quadrats) 

3. Presence of boulder at the station (any one of the four quadrats) 

4. Presence of > 30% percent gravel cover at station (any one of the four quadrats) 

5. Presence of long-lived epifauna at station (any one of the four quadrats) 

6. Evidence of burial of sponges or cobble/boulder at the station 
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