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MEMORANDUM 
 
DATE: October 31, 2018 
TO: Habitat Committee 
FROM: Habitat Plan Development Team 
SUBJECT: Range of alternatives for clam framework 
 
This memo addresses Committee and Council tasking on alternatives development for the clam 
dredge framework, which considers fishery access to the Great South Channel Habitat 
Management Area (GSC HMA). On August 28, the Committee asked the PDT to evaluate five 
possible hydraulic clam dredge exemption areas as part of a rotational management scheme. The 
areas, Rose and Crown, McBlair, Zone A, Zone B, and Zone D, were identified in 
correspondence from the clam industry on August 23. The Committee requested that evaluation 
should: 

1. Consider how designation of the exemption areas would minimize adverse effects on 
essential fish habitat (EFH) per the goals and objectives of Omnibus Habitat 
Amendment 2; 

2. Consider age distribution of clams; 
3. Consider historical fishing effort; and 
4. Develop two to three distinct groupings of areas for rotation with a 7-year (or more) 

rotational interval. 
On September 27, the Council requested that four additional areas, East Door, Old South, Zone 
C, and Zone E be evaluated as seasonal clam dredge exemption areas that would be open 
between March 1 and August 31 and closed between September 1 and February 28/29. The 
Council also asked the PDT to evaluate mussel dredge exemptions in areas and at times where 
clam dredge exemptions are under consideration. 
 
This memo is organized in four sections. Section 1 describes overarching assumptions and 
available sources of information to support the framework. Section 2 uses these information 
sources to characterize the nine sub-areas identified by the clam industry. Section 3 presents a 
potential range of alternatives, with a description, discussion questions, and PDT findings for 
each. Section 4 briefly considers a research program to address unanswered questions pertinent 
to our understanding of clam dredge impacts in the habitat types present in the GSC HMA.  
 
The information presented here was discussed during a Plan Development Team (PDT) 
conference call on August 11, and at PDT meetings on September 18 and October 23. Previous 
PDT memoranda from April 24 and May 16, 2018 are referenced as appropriate and available at: 
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https://www.nefmc.org/library/clam-dredge-framework. Separate written summaries of the calls 
and meetings are available at https://www.nefmc.org/calendar/nov-7-2018-habitat-committee-
meeting.  

1. Overarching assumptions and available sources of information 

Rationale for designation of the HMA and subsequent Council action was specified in the 
Omnibus Habitat Amendment 2 (OHA2) FEIS, the agency’s Record of Decision (ROD; NMFS 
2018a), and the OHA2 Final Rule (NMFS 2018b). The ROD acknowledges the Council’s work 
to develop “a follow-up framework action that would restrict [clam dredge] gear to less 
vulnerable habitat types within the [GSC HMA]”. From the April 2018 Final Rule (emphasis 
added): 
 

“This rule establishes the GSC HMA. The northeast corner of the HMA (12.5% of the 
area) will be closed to all mobile bottom-tending gears. The effective date of the closure 
will be delayed by 1 year for hydraulic clam dredges throughout the remainder of the 
area. The Council considered the unique fishing practices in the surfclam fishery. Based 
on this information, the Council is working to identify sub-areas that are less 
vulnerable to clam gear to determine whether some amount of clam fishing may 
continue in a manner that sufficiently minimizes impacts to vulnerable substrate. 
 
“The approved recommendation of the GSC HMA is a compromise between the larger 
Great South Channel East HMA (identified in the EIS as Alternative 3), located further to 
the east, and the slightly smaller Nantucket Shoals HMA (identified in the Environmental 
Impact Statement (EIS) as Alternative 5), located further to the west, closer to Nantucket 
Island. Bottom habitats in these areas are a mixture of less stable sand and more stable 
gravel, cobble, and boulder substrates and support fisheries for groundfish, clams, and 
scallops. The two most significant fisheries in the area are for surfclams and scallops. 
Scallop dredging is almost entirely restricted to deeper water along the western side of 
the Great South Channel and to an area east of Cape Cod. Clam dredging occurs in a 
large area of mixed bottom types in shallower water to the west. While the Council 
recognized the likelihood of negative economic impacts of these alternatives on the 
clam fishery, they were also concerned about the negative effects of hydraulic 
dredges on complex habitats occurring in the region. The discussion and development 
of more discrete exemption areas is currently occurring in a separate framework 
adjustment action.  
 
“Results of the habitat impact analyses in the EIS indicated that the approved measures 
are expected to have positive habitat impacts compared to leaving the habitat and 
groundfish closures in the Nantucket Lightship area in place, even with the 1-year delay 
in closure for clam dredges in most of the area. Impacts to groundfish resources will be 
approximately the same for both the existing and new measures. A highly negative 
economic impact on the clam fishery after the 1-year delay expires would be 
expected, before more discrete exemption areas are approved and implemented.”  
 

In September 2015, following June 2015 final action on OHA2, the Council developed its own 
problem statement for the clam framework action: 
 

https://www.nefmc.org/library/clam-dredge-framework
https://www.nefmc.org/calendar/nov-7-2018-habitat-committee-meeting
https://www.nefmc.org/calendar/nov-7-2018-habitat-committee-meeting
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“The surfclam/ocean quahog fishery will be granted a one-year exemption for the GSC 
HMA following implementation of OHA2, which will allow the Council to consider 
development of an access program for this fishery. The Council intends through this 
action to identify areas within the HMA that are currently fished or contain high energy 
sand and gravel that could be suitable for a hydraulic clam dredging exemption that 
balances achieving optimum yield for the fishery with the requirement to minimize 
adverse fishing effects on habitat to the extent practicable and is consistent with the 
underlying objectives of OHA2.” 

 
The underlying rationale for the GSC HMA was detailed in an April 24, 2018 memo from the 
PDT to the Habitat Committee, referencing the OHA2 FEIS (NEFMC 2017): 
 

“At the time [of final Council action on OHA2], it was known that the fishery was 
operating in habitat areas identified as complex, but the expectation was that a more 
complete analysis of bottom photos taken in the HMA could possibly be used to 
identify areas of sandy, highly energetic habitat where fishing could continue 
without compromising the objectives of OHA2 to protect complex, vulnerable 
habitats. The HMA designations developed in OHA2 were based on the understanding 
that structured habitats enhance groundfish resource productivity by increasing the 
survival and growth of juveniles (see Volume 1 §4.1.1 of the OHA2 FEIS).”   

 
The April 24 memo reviews information on the impacts of hydraulic dredge gear on benthic 
habitats (see p. 2-3). More details are provided in Appendix B to the framework. The evaluation 
of gear effects in Appendix B builds on the vulnerability assessment completed to support the 
Swept Area Seabed Impact model (NEFMC 2011). From the April memo: 
 

“The PDT ranked the severity of hydraulic clam dredge impacts well above those 
associated with other types of fishing gear (impacts in coarser cobble and boulder 
sediments were not assessed but will be when the model is updated). Impacts from a 
single dredge tow were estimated to cause, on average across all habitat features, a 50-
75% loss in habitat functionality, with recovery times for geological features of 1.5-2.5 
years in sand and 2-4 years in gravel, and 3-4.5 years for biological habitat features.” 

 
It is important to reiterate that the impacts of hydraulic dredge gear in the mixed gravel and sand 
habitats of the GSC HMA have not been studied specifically. Gear effect studies specific to the 
HMA, including observations that allow for an assessment of habitat recovery and a comparison 
with the effects of natural disturbance, are an obvious area for future scientific work. It is known 
which species of epifauna occur in the HMA and generally how susceptible they are to hydraulic 
clam dredges, how long they live and how fast they grow if damaged or removed by the gear. 
What is unknown is how susceptible they are to natural disturbance in the HMA. It is possible 
that recovery dynamics vary across locations within the HMA because natural disturbance varies 
spatially, with reduced benthic boundary shear stress in some locations vs. others.  
 
Our understanding of the distribution of habitat types within the HMA is not substantially 
different compared to that presented as part of the OHA2 FEIS. One step forward is that we have 
put a finer point on the occurrence of specific benthic features and their distribution given 
additional analysis of benthic imagery taken in the HMA between 2006 and 2015 by the 
University of Massachusetts Dartmouth School for Marine Science and Technology (SMAST). 
The image analysis approach is summarized in the April 24 memo (p. 3) and detailed in 
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Appendix A. The PDT classified each survey station as having an absence vs. presence of 
complex habitat using the following criteria: 
 

• Absence = all quadrats have < 10% coverage of pebble/cobble/boulder substrate, or 
• Presence = 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.  
 
Example images showing different types of habitat features are provided in Figure 1. Sediment 
data from a larger and slightly different time series of SMAST survey were classified according 
to dominant substrate and used in the sediment base map for the SASI model. As opposed to 
presence in at least one image at a station which was used in the recent analyses, ‘dominant’ 
sediment type refers to the largest sediment grain size occurring at all quadrants at a station. 
Thus, for given grain size, dominance is a more conservative metric of classification than 
presence at the station used in the recent analysis. Despite the difference in the way vulnerable 
habitat was defined and identified in OHA2 vs. the way habitat complexity was defined and 
identified in the recent analysis, the important point is that both analyses show that the 
fishery is operating in areas with habitat types that were identified for protection in OHA2. 
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Figure 1 – Example sediment and epifauna classifications 

Sand and granule only > 10% pebble, cobble, and/or boulder 

  
 

10-30% pebble, cobble, and/or boulder 
 

> 30% pebble, cobble, and/or boulder 

  
 

Pebble and/or cobble pavement 
 

> 30% epifauna 

  
 
A new information source generated post-OHA2 is an industry-based clam dredge survey 
conducted during August 2017 in the northern part of the GSC HMA (Powell et al. 2018, 
including two appendices). Abundance and size distribution of surfclams are arguably the most 
important elements of this survey; these data area presented in Section 2b of this memo. Maps of 
clam abundance from this survey were presented to the Committee and Council at their April 
2018 meetings. In addition to surfclams, sediments, shell, and other infaunal and epifaunal 
organisms were quantified at each station. In late March, a sub-panel of the Council’s Scientific 
and Statistical Committee reviewed the initial survey report but not the two appendices, which 
were provided to the PDT in early October 2018. Considering the relationship between surfclams 
and benthic habitat features, the SSC sub-panel concluded: 



Habitat PDT to Committee re Clam Framework 
 

Page 6  October 31, 2018 (Corrected November 20, 2018) 

 
“Given the heterogeneity of this habitat, it is not possible to identify specific areas where 
clam dredges could operate without impacting complex habitat. A finer-scale survey 
would be required to determine whether clam dredges could operate without impacting 
complex habitat within this area. Because the hydraulic dredge that was used in the two 
surveys, by itself, is insufficient for characterizing habitat complexity and because 
treatment of the survey data as point data is appropriate given the high degree of spatial 
heterogeneity, interpolation between the point samples would not be justified. Therefore, 
the surveys are not informative for identifying areas where clam dredges could operate 
without impacting complex habitat.” 

 
The industry-based survey is unique among data sets examined for this action in that it is the 
only one where both the target species (surfclams) and habitat components are captured 
simultaneously. While smaller pebbles are expected to drop through the bars of the dredge 
(based on a bar spacing of 1.875 in. on the top, bottom and knife shelf, and 1.75 in. on the sides), 
cobbles and surfclams are of similar size and both were caught at most stations, except for two 
stations where only cobbles were caught and three where only surfclams were caught. There is 
likely close to 100% catchability of surfclams ≥ 120 mm (= “market” sized clams), with a lower 
catchability for smaller clams (Powell et al. 2018, p. 3). The report notes that cobbles retained in 
the gear tended to have limited attached fauna (Powell et al. 2018, p. 13), but it is not possible to 
tell from the survey if these cobbles were at the surface of the seabed or within the sediment, and 
to what extent the action of dredging removes epifauna. 
 
Dr. Powell’s initial report includes a correspondence analysis exploring the statistical 
relationship between different constituents of the catch, among them surfclam and cobble. The 
correspondence analysis (p. 16-17), which included all survey stations, suggested that smaller 
surfclams and cobbles are abundant at intermediate depths, as are mussels, Buccinum gastropods, 
naticids, sea urchins, crabs, attached epifauna such as tunicates, rocks, and boulders. The PDT 
suggested using analysis of variance to further investigate these relationships, in particular for 
the stations overlapping the potential exemption areas. This work was provided in October as 
Appendix 2. 
 
Also considering the data from all stations, Dr. Powell calculated Pearson and Spearman 
correlation coefficients for pairs of variables. These results were not included in the original 
report but were presented to the PDT in September 2017 and again in September 2018 and are 
reproduced below. Pearson is a parametric test (uses the actual values in the data) whereas 
Spearman is a non-parametric test (uses ranks). As a ranks-based test, Spearman avoids some 
concerns about normality in the underlying data. For both types of tests, the strength of the 
relationship is expressed as an r value; ranging from -1 to 1, and values closer to these extremes 
suggest a stronger relationship between the two components, with the sign indicating the 
direction of the relationship. A conventional probability value of 5% is used to indicate 
significance in the tables below, but for ecological data collected in the field, the PDT suggests 
that values of 10% (or even larger) can be regarded as an important indication of a relationship.  
 
The Pearson results (Table 1) suggest a strong positive relationship between the two smaller and 
two larger size groupings of clams, and a moderately strong relationship between smaller 
surfclams and cobbles.  
 



Habitat PDT to Committee re Clam Framework 
 

Page 7  October 31, 2018 (Corrected November 20, 2018) 

Table 1 – Pearson correlations between catch constituents in the industry-based clam dredge 
survey.  The first value in each pair is the r value, and the second is the probability value. Values in 
bold are significant at a 5% probability level. 

 Surfclams <120 Surfclams 120-
150 

Surfclams 150-
170 

Surfclams 170-
200 Mussel 

Surfclams 120-
150 

0.93434 
< 0.0001 

- - - - 

Surfclams 150-
170 

0.14817 
0.2465 

0.20538 
0.1064 

- - - 

Surfclams 170-
200 

-0.00954 
0.9408 

-0.00950 
0.9411 

0.80197 
<0.0001 

- - 

Mussel 0.03205 
0.8031 

0.04502 
0.7261 

0.09322 
0.4674 

-0.04127 
0.7481 

- 

Cobble 0.31664 
0.0115 

0.53001 
<0.0001 

0.13226 
0.3014 

0.00366 
0.9773 

0.11769 
0.3583 

 
The Spearman results (Table 2) show the same relationships between size classes of surfclams 
and between smaller clams and cobble. The Spearman coefficients also suggest a moderately 
strong positive association between mussels and smaller surfclams, as well as between mussels 
and cobbles.  
 
Table 2 – Spearman correlations between catch constituents in the industry-based clam dredge 
survey.  The first value in each pair is the r value, and the second is the probability value. Values in 
bold are significant at a 5% probability level. 

 Surfclams <120 Surfclams 120-
150 

Surfclams 150-
170 

Surfclams 170-
200 Mussel 

Surfclams 120-
150 

0.8885 
< 0.0001 

- - - - 

Surfclams 150-
170 

0.64588 
< 0.0001 

0.70878 
< 0.0001 

- - - 

Surfclams 170-
200 

0.33233 
0.0078 

0.33361 
0.0075 

0.77439 
<0.0001 

- - 

Mussel 0.39842 
0.0012 

0.42388 
0.0005 

0.14486 
0.2573 

-0.05249 
0.6829 

- 

Cobble 0.34843 
0.0051 

0.38544 
0.0018 

0.12712 
0.3208 

-0.01813 
0.8823 

0.64893 
< 0.0001 

 
Following the September PDT meeting, Dr. Powell ran two analyses of variance to examine the 
catch of cobbles and rocks, respectively, compared to surfclams less than 150 mm (second 
appendix to Powell et al. 2018). The analysis was nested within regions, where one region was 
stations inside one of the nine suggested exemption areas, and the other region was stations in 
similar depths but outside the suggested exemption areas (shallower and deeper stations were 
excluded from this analysis). While cobble catches were higher inside, there was no significant 
difference in cobble catch rates within the exemption areas vs. outside (p >> 0.05). Similarly, 
catch rates of rocks were also higher inside, but not significantly so (p >> 0.05). In both the 
cobble and rock analyses, the covariate, surfclam catch rate, was larger inside the exemption 
areas (p=0.0048 cobbles, p=0.026 rocks). This is unsurprising as the potential exemptions were 
defined based on locations where surfclam dredging is prevalent. When Pearson correlations 
were run on these data, inside and outside, there were moderately strong positive relationships 
between cobbles and small surfclams (r=0.39, p=0.10 inside, r=0.42, p=0.07 outside), and 
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between rocks and small surfclams (r=0.35, p>0.10 inside, r=0.59, p=0.0076), although three of 
these relationships were not significant at a 5% probability level. 
 
Overall, the correspondence analysis, correlation analyses, and analyses of variance from the 
industry-based survey suggest that in moderate depths within the HMA, there is some degree of 
positive relationship between catch of surfclams, mussels, cobbles, and rocks at the scale of a 
survey tow, although these relationships are not particularly strong, and only statistically 
significant at a 5% level in some cases. 
 
Beyond the dredge survey, it is necessary to use overlays between different sources of 
information to understand the spatial relationship between fishing activity and benthic habitat 
features. When assessing these relationships, issues of spatial and temporal scale are important to 
bear in mind. Drop camera survey stations range from less than one to approximately five km 
apart, depending on the location within the HMA. Data were collected between 2006 and 2015, 
not evenly across years and not returning to the same stations for repeat assessments to assess 
persistence of habitat features. (For comparison, the industry-based clam dredge survey stations 
are around 5.6 km apart, gridded on a diagonal across the HMA.) Fishing events in this region 
have been described as tows of around 5 minutes duration at speeds of 2.5 knots, which indicates 
tow lengths of 0.2 nm (0.37 km). Tow width is equal to the dredge width, or up to about 10 ft (~3 
m). Individual tow tracks are not routinely available in the fishery dependent data, and clam 
dredge trips are rarely observed by scientific personnel, owing to relatively minimal bycatch of 
fishes and other stocks of interest to managers.  
 
At present, fishing effort and revenue can be depicted spatially using two primary approaches. 
For this action and OHA2, coordinates provided in the clam logbooks (like vessel trip reports) 
were interpreted spatially using a confidence interval approach (DePiper 2014). Then, the 
datasets were queried to estimate fishery revenue by area. This approach spreads catch, revenue, 
and swept area from a trip over a larger footprint as the logbooks include a single set of 
coordinates to represent the average location fished. Caveats about the logbook data and 
confidence interval mapping method are summarized in the OHA2 FEIS Volume 4 and in the 
framework document. An advantage of logbook data is that fishing locations are directly 
associated with catches and price paid per bushel and each logbook record is specific to an 
individual vessel.  
 
Vessel Monitoring System (VMS) data are also individually attributed but must be matched to 
catch and price data based on vessel identifiers and date. For spatial data, VMS provides hourly 
vessel positions (points) from which fishing vs. transiting or other activities must be inferred 
based on speed, heading, or other information. For some gear types where VMS can be matched 
with more detailed observer data, it is possible to develop more nuanced models to convert VMS 
polls to estimates fishing hours (see examples in Muench et al. 2018), but this has not been done 
for the surfclam dredge fishery. To support this action, GARFO APSD staff filtered VMS data to 
remove polls where speed was estimated to be above 2.5 knots and likely to represent transiting, 
and then the time elapsed since the previous poll was used to indicate hours spent fishing at that 
location. Individual polls (points) were then gridded on a fine scale (0.0003 degrees, 
approximately 0.25 km x 0.33 km rectangles) to generate heat maps of hours of fishing time. 
These heatmaps were used by the clam industry to suggest the nine candidate exemption areas. 
 
Considering the available habitat and effort data described above, benthic habitat and fishery 
information can only be related at scales of kilometers within the GSC HMA. At these scales, 
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there is a general correspondence between complex habitat features and clam dredging activity. 
Finer overlays between individual fishing events and particular benthic features would require 
relatively fine scale habitat maps, at the scale of tens of meters, combined with start and end 
positions of individual fishing events. This sort of habitat mapping would ideally be done with 
acoustic technology and groundtruthed using video or still imagery.  
 
Industry members have indicated that, while dredging, they actively try to avoid complex habitat 
features within the HMA. In the absence of fine scale spatial overlays between tows and habitat 
maps, the evidence that clam dredging activity avoids complex habitat can only come from 
industry accounts of their fishing practices. The PDT has had detailed discussions with clam 
industry members about these practices (see the September 18 PDT meeting summary), and the 
following description is based on their reporting. Captains indicate that they are continuously 
seeking to optimize catch rates of clams during each trip. These catch rates are typically 
measured in cages filled per hour. Given product safety guidelines (i.e., time/temperature 
controls), time at sea is somewhat limited before the clams must be landed and processed, 
particularly during the warmer months. In terms of fishing locations, industry members 
suggested that fishing in the eastern parts of the HMA is more likely when air temperatures are 
cooler. During a trip, captains tend to make repeated tows in the same general location within the 
HMA, shifting to a different area if catch rates fall. Often captains will leave an area only to 
return to it later and find that catch rates have come back to previous high levels. Captains 
actively avoid what they consider to be hard bottom, and if large amounts of cobbles or rocks are 
encountered, they move to another nearby location to avoid damaging their gear and having to 
deal with lots of rocks on the deck. Avoiding coarse sediments in the first place appears to be a 
matter of experience. Mussel beds are also avoided as they are difficult to process on deck, and 
product quality is poor (i.e., shell breakage) compared to mussels caught with dedicated mussel 
dredge gear.  

2. Description of the nine sub-areas within the GSC HMA 

a. Habitat characterization 
The nine areas vary widely in size (Map 1). In total, they cover about 26% of the potential 
exemption area, and 23% of the HMA overall. The areas also vary in depth. Overall, the HMA 
has depths from about 10 m (shallower in some locations) to 50 m. McBlair and East Door are 
shallowest; Old South, Rose and Crown, Zone D, and Zone A are moderate depths for the HMA, 
Zones B and E are deeper, and Zone C is deepest.  
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Map 1 – Potential exemption areas within the GSC HMA overlaid on water depth in meters. 

 
 
Table 3 characterizes the HMA and its sub-areas using three habitat-related metrics, plus area 
size in square kilometers. These include the area covered by cobble or boulder-dominated habitat 
according to the SASI model base grid (Map 2), the percentage of drop camera survey stations 
characterized as complex (Map 3), and the proportion of stable vs. unstable sediment from the 
Harris et al. (2012) analysis that combined modeled water flow with sediment characteristics to 
estimate areas of stable and unstable sediments (Map 5). Benthic boundary shear stress is shown 
in Map 6. 
 
Much of the HMA is either sand or pebble habitats, although cobble is commonly found in 
certain locations, and boulders occur in others, mainly in deeper areas in the eastern parts of the 
HMA (Map 2). Cobbles and other sediments are found at stations where boulders occur, 
although the reverse is not true. Most of the data on sediment distribution in the HMA is from 
the SMAST drop camera survey; the point data are digital images reanalyzed for this action. The 
polygons are an interpolation of video data used for the SASI model base grid; usSEABED data 
were used in the interpolation as well. The polygons are dominant substrate and the points are 
occurrence at a station. Digital images were analyzed for five of the nine areas under 
consideration. The western zones, McBlair, East Door, and Old South, as well as Zone E have no 
data from the SMAST drop camera survey.  
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Table 3 – Habitat metrics for Great South Channel HMA and various sub-areas.  

Area name Size, km2 

Area (km2) and % 
where sediment 
is cobble- or 
boulder-
dominated  

% drop camera 
stations complex 
(sample size) 

% obs indicating 
stable sediment 

Great South Channel HMA 2,566 434; 17% 67% (461) 44% 
MBTG closure 332 98; 30% 86% (123) 81% 
Total possible exemption area 2,234 338; 15% 59% (338) 37% 
Rose and Crown 218 110; 37% 88% (89) 76% 
McBlair 26 - n/a (0) - 
Area A 69 12; 11% 75% (8) 20% 
Area B 9 0; 0% 100% (2) 50% 
Area D 124 55; 34% 77% (26) 75% 
East Door (seasonal) 4 - n/a (0) - 
Old South (seasonal) 88 6; 4% n/a (0) - 
Area C (seasonal) 34 22; 41% 100% (3) 100% 
Area E (seasonal) 12 4; 13% n/a (0) 72% 
 
 
Map 2 – Occurrence of cobble and boulder habitat.  
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Of those stations with digital drop camera images, all have most stations classified as complex 
(Map 3). The number of observations varies widely amongst areas, with as few as two or three 
stations sampled (=8 or 12 images) and as many as 89 stations for the Rose and Crown area.  
 

Map 3 – Occurrence of complex habitat, overlaid with nine potential exemption areas. 

 
 
Map 4 shows the relationship between locations where complex habitat was observed and seabed 
form. The PDT has previously discussed inferring the occurrence of complex habitats in areas 
mapped as depressions where drop camera survey data are unavailable (see May 16 memo).  
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Map 4 – Relationship between seabed form and observations of complex habitat 

 
 
Because the three westernmost zones do not have drop camera survey data, sediment stability 
was not estimated by Harris et al. (2012). Other areas include a mix of stable and unstable 
sediments, except for Zone C, which includes only stable sediments according to their analysis 
(Map 5). Rose and Crown, as well as Zones D and E are mostly stable, while Zones A and B are 
much more mixed. In this section of the HMA, unstable sediments tend to be associated with 
large sand shoals which run north/south (such as the one between Rose and Crown and Zone D), 
and stable sediments are inferred in the areas between the shoals. The Harris et al. analysis relies 
on the assumption that stability in a location is related to its dominant sediment type. If these 
larger grain sizes are present, and not expected to be mobile given local benthic boundary shear 
stress values, the habitat is considered stable.  
 
In actuality the stability of mixed beds is not so straightforward. Throughout the GSC HMA, 
larger substrate types such as pebbles, cobbles, and boulders occur within a matrix of sand which 
has a lower critical shear stress threshold, i.e. sand will be moved at a lower flow rate than the 
coarser grain sizes. The question then is, how do mixed sediment habitats respond to a particular 
rate of water flow at the seabed? At one extreme, the larger grain sizes are expected to confer 
stability to the bed, even if other size fractions are mobile. At the other extreme, all size fractions 
are expected to move independently, such that even if pebbles, cobbles, and boulders are too 
large to be redistributed by bottom currents and turbulence caused by storms, sands can be 
redistributed, altering the habitat. The actual behavior of mixed grain size beds is likely in 
between these extremes, and larger grain sizes (particularly boulders) are assumed to provide 
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stable attachment points for epifauna even if the surrounding sands are mobile. They may also 
“anchor” the surrounding sand to some extent by interrupting water flow. Partially buried 
cobbles and boulders, some with attached organisms, were observed in some of the drop camera 
survey images, indicating that in some locations exposed to certain bottom disturbance 
conditions, sand does move in areas dominated by pebbles, cobbles, and boulders.  
 

Map 5 – Sediment stability, overlaid with nine potential exemption areas.  

 
 
Map 6 shows the underlying shear stress values that feed into the Harris et al. assessment of 
sediment stability.  
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Map 6 – Benthic boundary shear stress 

 
 

b. Surfclam resource characterization 
The industry-based Nantucket Shoals survey is the best information source on surfclam 
abundance and distribution in the GSC HMA. Table 4 summarizes the data available from this 
survey for each of the nine sub-areas. 
 
Smaller surfclams are most abundant in mid-depths throughout the central portion of the HMA, 
while larger animals are more abundant in the western part of the HMA and in the area outside 
the HMA to the west (Section 1, Table 4). Clams from two shallow and two mid-depth stations 
were aged to determine if the mid-depth surfclams have different (i.e., slower) growth rates 
compared to clams in shallower waters to the west, or if the mid-depth clams were simply 
smaller because they are younger. This analysis is in the first appendix to Powell et al. (2018). 
The results suggest that smaller clams in the mid-depths of the HMA are in fact younger, not 
slower growing. The size and age distribution of clams in these depths is truncated compared to 
the size distribution at the shallower stations, and the data suggest that recruitment in the mid-
depth stations began around 2000. The oldest animals from these stations grew more slowly in 
the early 2000s, but their growth rates were not distinguishable from clams at shallower stations 
in recent years. It was hypothesized that the conditions were not optimal for clam growth during 
the early 2000s but that growth rates have risen with temperature. The PDT noted that genetic 
analyses are planned to investigate whether two different species of clams occur in the HMA 
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(September 18 PDT summary, p. 8). Spisula solidissima similis reaches a smaller maximum size 
and age compared to S. s. solidissima.  
 
Table 4 – Clam abundance information from 2017 Nantucket Shoals industry-based dredge survey 

Area name 
Stations, 

2017 
survey 

Sub-market clams Total clams 

MBTG closure 0 - - 

Total possible 
exemption area 43 

Some stations have sub-market clams 
only; highest catches/tow of sub-
market clams are in Rose and Crown 
and Zone D. No sub-market clams in 
14 of 43 stations, only larger animals. 

Three zero tows in HMA, all outside 
the nine areas. Some higher catch 
tows (0.3-0.4 bu/m2) outside 
candidate areas, but otherwise tows 
with at least 0.3 bu/m2 are in 
candidate areas. 

Rose and Crown 7 
All but one station with sub-market 
clams; highest catch rates of sub-
market at station G2. 

Two highest catch stations in the 
entire survey, both with large 
numbers of sub-market clams.  

McBlair 0 - - 

Area A 3 One station no clams; two stations 
with 0.1-0.2 bu/m2 sub-market 

No large clams, only sub-market 

Area B 0 - - 

Area D 
4 Three stations with 0.1-0.2 bu/m2 

sub-market; one station with 0.3-0.4 
bu/m2 sub-market  

Total clam catch ranging from 0.1-0.2 
bu/m2 and 0.5-0.8 bu/m2  

East Door (seasonal) 0 - - 

Old South (seasonal) 3 Smaller numbers (0.1-0.2 bu/m2) sub-
market clams at all three stations. 

Larger numbers of total clams at two 
of three stations.  

Area C (seasonal) 0 - - 
Area E (seasonal) 0 - - 
 
In the federal clam dredge survey, sampling of the nine candidate areas is more limited. There 
are 32 stations in the part of the HMA where exemptions are being considered, but most are 
south of the nine areas. Rose and Crown and Zone A each have two stations and Zone D has one. 

c. Surfclam fishery characterization 
The logbook data indicate that between 2011 and 2017, $3-8M of hydraulic clam dredge revenue 
was generated annually within the portion of the Great South Channel HMA where exemptions 
are being considered, primarily from surfclams. This revenue accounts for 10-28% of total 
surfclam fishery revenue. Total revenues between 2012-2014 (the last range of years examined 
in the OHA2 FEIS) were within this range, so the magnitude of impacts on the fishery being 
considered is likely unchanged since the HMA was designated. There is now a clearer sense of 
how catches in the Nantucket Shoals fishery are distributed across individuals (i.e., individual 
permit and owner-level dependence on the HMA).  
 
Permits and owners by area: During 2011-2017, the entire HMA was fished annually by 11-21 
vessels on 423-986 trips. Note that the analysis assumes each trip has a circular footprint vs. 
attributing all landings to the point in space reported on the logbook. Thus, portions of any given 
trip may occur outside an area. Thus, the number of trips is only reported for the entire HMA. 
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Revenue from year-round areas: The five areas proposed for year-round clam dredge exemptions 
encompass a substantial percentage (37-54% in total) of the fishing revenue generated from the 
Great South Channel HMA (Table 5). Rose and Crown generated by far the most revenue of 
these areas, followed by Areas D, A and B. Although both the small size of Area B and the 
spatial imprecision of surfclam logbook and VTR data contribute to the small revenue estimates 
from this area, the results are consistent with the surfclam VMS data. 
 
Table 5 – Annual revenue for year-round areas compared to the GSC HMA (excluding MBTG 
closure in northeast corner), 2011-2017 (corrected 11/20/18). 

Area 2011 2012 2013 2014 2015 2016 2017 

Rose and Crown $972,546 $2,709,887 $2,153,963 $2,215,403 $2,205,476 $1,649,436 $925,504 
McBlair $55,364 $46,944 $51,046 $40,817 $81,472 $28,868 $16,489 
Area A $26,456 $102,716 $667,576 $584,789 $309,765 $285,606 $331,216 
Area B $26,456 $38,249 $121,403 $17,355 $18,544 $22,100 $11,895 
Area D $84,573 $447,226 $892,306 $556,365 $842,826 $663,002 $454,131 
Total HMA $2,844,554 $6,086,913 $7,833,745 $7,868,135 $6,932,118 $5,595,577 $4,692,511 
Rose and Crown 34% 45% 27% 28% 32% 29% 20% 
McBlair 2% < 1% < 1% < 1% 1% < 1% < 1% 
Area A 1% 2% 9% 7% 4% 5% 7% 
Area B < 1% < 1% 2% < 1% < 1% < 1% < 1% 
Area D 3% 7% 11% 7% 12% 12% 10% 
Total HMA 100% 100% 100% 100% 100% 100% 100% 
 
Dependence on year-round areas: Revenue at the permit (vessel) and owner level within the 
potential exemption areas was compared to all surfclam revenue attributed to that permit or 
owner to assess dependence on each. Median percent revenues to permits range from below 20% 
in 2011 to over 80% in 2014, with 2013, 2015, and 2016 values were between 60-70% (Figure 2, 
upper left panel). Median percent revenue to owner was about 60% in 2014 and about 20% in 
2015 and 2016 (Figure 3, upper left panel). Thus, vessels and owners are highly dependent on 
the areas, though interannual variation exists. 
 
The permit-level revenue dependence (Figure 2) is like the total fishery (Table 5), but there is 
much variability across permits. Certain vessels are likely using areas more intensively than 
others rather than the fleet using the same areas with equal intensity. For example, although the 
median permit is more dependent on Rose and Crown than any other area, some permits have 
generated 25 – 45% of their total revenue from Areas D and A. Dependence on Rose and Crown 
peaked in 2014-2015 and has been declining since. Some of that effort may have moved into 
Area A, but the difference in magnitude shift between the two areas suggests that effort has 
shifted predominantly to areas outside these five areas. 
 
Although overall dependence at the owner level is substantially lower than at the permit level for 
all areas (Figure 3; ownership groups defined consistent with RFA guidelines), relative 
dependence across areas is consistent with the permit-level data. This suggests that the vessels 
within an ownership group are not fishing the same areas concurrently. 
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Figure 2 – Percent of a permit’s total revenue generated from each area or set of areas, 2011-2017. 
Note: Ownership groups defined consistent with RFA guidelines. 
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Figure 3 – Percentage of an owner’s total revenue generated from each area or set of areas, 2015-
2017. Note: Ownership groups defined consistent with RFA guidelines. 
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Revenue from seasonal areas: For revenue and number of permits, there has been much 
interannual variability within the potential seasonal access areas, comparing the open period 
(March 1 – August 31) with the closed period (September 1 – February 28/29; Table 6). The 
average percent revenue from the open period was 55%. The first three years in the time series 
were below this average, and 2014-2016 were above. The 2017 revenue percentage was back to 
2011-2013 levels. Consistent with earlier work comparing sections (quadrants) of the HMA, 
fishing activity seems to be shifting from west (East Door and Old South) towards the east 
(Zones C & E). Nevertheless, Old South has been by far the most productive of the potential 
seasonal areas. For comparison purposes, Old South and East Door combined are larger in area 
than Zones C and E combined (92 km2 vs. 56 km2). Also note the difference between the percent 
revenue generated and the percentage of permits fishing between the potential open and closed 
seasons. This indicates that between 2014 and 2016, when the most revenue was generated from 
these areas, fishing was more intensive during the proposed open season (spring/summer) than 
during the closed season (fall/winter). It is unclear whether this differential will continue; the 
2017 fishing patterns are more akin to pre-2014 patterns. 
 
Hours fished (VMS): Hours fished by area were calculated on an annual (calendar year) basis 
using finely-gridded, speed-filtered VMS polls provided by GARFO APSD staff (Table 7). 
Zones A, D, Rose and Crown, and Old South are the most important areas, although there is 
substantial interannual variability, with other areas occasionally being more important (i.e., 
McBlair during 2011). Hours fished were not calculated for 2018 as it was a partial year. These 
data cover a specific set of 20 vessels and all vessel owners have signed releases for the data. 
 
Overlay of revenue and hours fished: Overlays between the logbook and VMS data suggest good 
agreement between the two sources of information. Speed-filtered or knife-edged processing of 
VMS data may overestimate fishing compared to models that use more information to estimate if 
a poll represents fishing or not (Muench et al. 2017). The logbook model may underestimate 
fishing in the smaller zones especially as only a single point location is reported per trip, and 
industry members have indicated that they fish across multiple areas on many trips. 
 
The maps starting on page 24 depict surfclam dredge revenue from logbooks (pink) and effort in 
hours fished from speed-filtered VMS data (orange) by year between 2010-2017. These maps 
show the general agreement between the two data sources, as well as shifts in effort over time. 
They show the low utilization of the eastern areas during certain years, and relatively consistent 
importance of Rose and Crown and Old South to the fishery. 
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Table 6 – Fishing activity in seasonal access areas, by proposed open vs. closed periods, 2011-2017. 
Source: logbook data. 

Area Year 
Revenue Permit count 

Open period Closed 
period 

Open 
period 

Closed 
period 

Annual 
Total 

Open period 
permit % 

Old South 

2011 $285,700 54% $242,700 6 7 7 86% 
2012 $137,400 42% $190,200 12 10 13 92% 
2013 $141,200 36% $252,400 13 15 19 87% 
2014 $938,700 67% $455,900 14 19 19 74% 
2015 $634,600 63% $379,400 14 12 14 100% 
2016 $968,300 73% $361,000 15 13 15 100% 
2017 $175,600 44% $221,000 8 9 10 80% 

East Door 

2011 $16,200 49% $16,900 6 6 6 100% 
2012 $17,600 53% $15,600 9 10 12 75% 
2013 $14,000 56% $11,100 13 14 14 93% 
2014 $19,600 60% $13,000 14 18 18 78% 
2015 $26,700 59% $18,800 13 12 14 93% 
2016 $19,300 53% $17,100 12 13 13 92% 
2017 $17,600 68% $8,100 4 7 7 57% 

Zone C & E 
(combined due 

to data 
confidentiality) 

2011 $400 28% $1,100 3 5 6 50% 
2012 $4,300 22% $15,400 6 9 10 60% 
2013 $70,300 75% $24,000 12 11 13 92% 
2014 $15,300 27% $41,000 12 15 16 75% 
2015 $26,300 44% $32,900 11 9 11 100% 
2016 $58,600 69% $26,000 15 13 16 94% 
2017 $38,100 57% $28,300 14 15 16 88% 

Four areas 
combined 

2011 $302,300 54% $260,700 6 7 7 86% 
2012 $159,200 42% $221,200 12 10 13 92% 
2013 $225,500 44% $287,600 14 15 15 93% 
2014 $973,600 66% $510,000 14 19 19 74% 
2015 $687,500 61% $431,100 14 12 14 100% 
2016 $1,046,100 72% $404,100 17 14 17 100% 
2017 $231,300 47% $257,400 16 16 18 89% 
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Table 7 – Hours fished by area and year. Data are year-round totals regardless of whether the area 
is proposed as a seasonal exemption. Source: VMS data. 

Area Year Hours inside area Hours inside entire 
GSC HMA (except 

NE corner) 

Percent hours in 
area 

Zone A 

2010                       141                       2,885  5% 
2011                         18                       3,887  0% 
2012                         58                       7,562  1% 
2013                   1,512                    11,262  13% 
2014                   2,207                    12,364  18% 
2015                   1,371                    13,100  10% 
2016                       225                    21,567  1% 
2017                       111                       9,645  1% 

Zone B 

2010                          -                         2,885  0% 
2011                          -                         3,887  0% 
2012                       146                       7,562  2% 
2013                       642                    11,262  6% 
2014                         69                    12,364  1% 
2015                         25                    13,100  0% 
2016                            1                    21,567  0% 
2017                            1                       9,645  0% 

Zone C (potential 
seasonal area) 

2010                          -                         2,885  0% 
2011                          -                         3,887  0% 
2012                            4                       7,562  0% 
2013                       183                    11,262  2% 
2014                       203                    12,364  2% 
2015                       254                    13,100  2% 
2016                       184                    21,567  1% 
2017                            8                       9,645  0% 

Zone D 

2010                       876                       2,885  30% 
2011                         54                       3,887  1% 
2012                       288                       7,562  4% 
2013                   2,327                    11,262  21% 
2014                       729                    12,364  6% 
2015                   1,709                    13,100  13% 
2016                   3,402                    21,567  16% 
2017                   2,551                       9,645  26% 

Zone E (potential 
seasonal area) 

2010                          -                         2,885  0% 
2011                          -                         3,887  0% 
2012                          -                         7,562  0% 
2013                          -                      11,262  0% 
2014                          -                      12,364  0% 
2015                       124                    13,100  1% 
2016                       107                    21,567  0% 
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Area Year Hours inside area Hours inside entire 
GSC HMA (except 

NE corner) 

Percent hours in 
area 

2017                            1                       9,645  0% 

East Door (potential 
seasonal area) 

2010                            1                       2,885  0% 
2011                       126                       3,887  3% 
2012                         91                       7,562  1% 
2013                         49                    11,262  0% 
2014                         77                    12,364  1% 
2015                       151                    13,100  1% 
2016                         99                    21,567  0% 
2017                       174                       9,645  2% 

McBlair 

2010                         47                       2,885  2% 
2011                       769                       3,887  20% 
2012                            9                       7,562  0% 
2013                       100                    11,262  1% 
2014                       175                    12,364  1% 
2015                       560                    13,100  4% 
2016                       297                    21,567  1% 
2017                         34                       9,645  0% 

Old South (potential 
seasonal area) 

2010                       872                       2,885  30% 
2011                       904                       3,887  23% 
2012                       379                       7,562  5% 
2013                   1,216                    11,262  11% 
2014                   2,867                    12,364  23% 
2015                   2,251                    13,100  17% 
2016                   5,603                    21,567  26% 
2017                   2,212                       9,645  23% 

Rose and Crown 

2010                       710                       2,885  25% 
2011                   1,159                       3,887  30% 
2012                   5,511                       7,562  73% 
2013                   4,448                    11,262  39% 
2014                   5,260                    12,364  43% 
2015                   5,673                    13,100  43% 
2016                   9,834                    21,567  46% 
2017                   3,642                       9,645  38% 
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Map 7 – Overlay of VMS hours fished (orange) and logbook revenue (pink) by year, 2010-2017.  
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Swept area: The PDT has been working on updates to the Swept Area Seabed Impact model and 
this includes developing monthly swept area data sets for each major gear type in the region, one 
if which is the hydraulic dredge. The swept area estimates for hydraulic dredges in the model 
assume that all vessels tow a single dredge at 2 knots. Gear width was estimated at a fixed annual 
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value regardless of vessel size or fishing area. Total tow duration for each trip was taken directly 
from each entry in the logbook database. Total tow duration (hr), speed (km/hr), and dredge 
width (km) were multiplied to generate an annual estimate of area swept per trip (km2). The 
footprint of each trip was modeled spatially like the logbook-based revenue data shown on the 
charts above. There is considerable interannual variation in the swept area estimates within each 
individual area, but the areas with the most bottom contact are Rose and Crown and Old South, 
followed by Zones D and A. Not surprisingly, these are also the larger areas with the most 
amount of effort (Table 7) and revenue (Tables 5 and 6). 
 
Table 8 – Swept area (km2) by area and year. Source: logbook data. 

 
Year 

Area swept inside 
zone 

Area swept inside GSC 
HMA (except NE corner) Percent in zone 

Zone A 

2010 1.2 39.2 3.1% 
2011 0.4 40.2 0.9% 
2012 1.1 85.6 1.3% 
2013 8.7 135.7 6.4% 
2014 11.5 160.5 7.1% 
2015 6.6 134.6 4.9% 
2016 6.8 157.0 4.3% 
2017 8.6 99.4 8.7% 

Zone B 

2010 0.0 39.2 0.0% 
2011 0.0 40.2 0.0% 
2012 0.3 85.6 0.4% 
2013 1.7 135.7 1.3% 
2014 0.3 160.5 0.2% 
2015 0.6 134.6 0.4% 
2016 0.4 157.0 0.3% 
2017 0.3 99.4 0.3% 

Zone C (potential 
seasonal area) 

2010 0.0 39.2 0.0% 
2011 0.0 40.2 0.0% 
2012 0.1 85.6 0.1% 
2013 1.1 135.7 0.8% 
2014 0.8 160.5 0.5% 
2015 0.6 134.6 0.4% 
2016 1.2 157.0 0.8% 
2017 1.2 99.4 1.2% 

Zone D 

2010 8.5 39.2 21.8% 
2011 1.1 40.2 2.8% 
2012 6.4 85.6 7.5% 
2013 16.4 135.7 12.1% 
2014 11.8 160.5 7.3% 
2015 13.6 134.6 10.1% 
2016 16.4 157.0 10.4% 
2017 8.6 99.4 8.7% 
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Year 

Area swept inside 
zone 

Area swept inside GSC 
HMA (except NE corner) Percent in zone 

Zone E (potential 
seasonal area) 

2010 0.2 39.2 0.6% 
2011 0.0 40.2 0.0% 
2012 0.1 85.6 0.1% 
2013 0.2 135.7 0.2% 
2014 0.2 160.5 0.1% 
2015 0.4 134.6 0.3% 
2016 0.5 157.0 0.3% 
2017 0.3 99.4 0.3% 

East Door (potential 
seasonal area) 

2010 0.2 39.2 0.5% 
2011 0.5 40.2 1.3% 
2012 0.4 85.6 0.5% 
2013 0.6 135.7 0.4% 
2014 0.7 160.5 0.4% 
2015 0.9 134.6 0.7% 
2016 0.7 157.0 0.4% 
2017 0.4 99.4 0.4% 

McBlair 

2010 0.9 39.2 2.3% 
2011 0.9 40.2 2.3% 
2012 0.8 85.6 0.9% 
2013 0.8 135.7 0.6% 
2014 0.7 160.5 0.4% 
2015 1.7 134.6 1.3% 
2016 0.8 157.0 0.5% 
2017 0.3 99.4 0.3% 

Old South (potential 
seasonal area) 

2010 4.3 39.2 10.9% 
2011 7.6 40.2 19.0% 
2012 4.9 85.6 5.7% 
2013 9.0 135.7 6.7% 
2014 26.7 160.5 16.6% 
2015 19.1 134.6 14.2% 
2016 26.2 157.0 16.7% 
2017 7.3 99.4 7.3% 

Rose and Crown 

2010 9.3 39.2 23.7% 
2011 12.3 40.2 30.6% 
2012 39.9 85.6 46.6% 
2013 40.6 135.7 29.9% 
2014 49.3 160.5 30.7% 
2015 41.3 134.6 30.7% 
2016 30.5 157.0 19.4% 
2017 14.4 99.4 14.5% 
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Fishing communities: The logbook analysis suggests that the fishing communities impacted by 
hydraulic dredge restrictions in the GSC HMA are primarily located in Massachusetts, with 
lesser activity attributed to a few confidential states (Table 9). Revenue from hydraulic dredge 
fishing in 2011-2016 in the entire HMA is attributed to 12 ports and 40 permits, and 99.9% of 
this revenue to ports in Massachusetts. New Bedford (32 permits), Barnstable County (17 
permits) and Fairhaven (8 permits) are the top non-confidential landing ports, comprising 99.9% 
of the revenue, indicating that the GSC is particularly important for those three communities, 
which are some of the more proximal ports to the GSC. These three ports have had revenue from 
each of the potential year-round and seasonal access areas (Table 9, Table 10). 
 
Table 9 - Annualized revenue to states and ports and total permits attributed to hydraulic dredge 
fishing within the GSC HMA and the year-round access areas, 2011-2016. 

State/Port 
GSC HMA Rose and Crown McBlair 

Avg. Revenue Total Permitsa 
Avg. 

Revenue 
Total 

Permitsa 
Avg. 

Revenue 
Total 

Permitsa 
Massachusetts $6.5M 40 $2.1M 31 $53K 32 

Barnstable Co. 
Fairhaven 
New Bedford 

$2.2M 
$1.1M 
$3.2M 

17 
8 

32 

$0.6M 
$0.4M 
$1.1M 

13 
11 
26 

$29K 
$9K 

$16K 

16 
8 

24 
 Otherb $6.5K 4 $1.9K 4 <$0.1K 3 

Total (12 ports) $6.5M 40 $2.1M 32 $53K 32 

 

State/Port 
Zone A Zone B Zone D 

Avg. Revenue 
Total 

Permitsa 
Avg. 

Revenue 
Total 

Permitsa 
Avg. 

Revenue 
Total 

Permitsa 
Massachusetts $0.38M 28 $38K 21 $0.66M 31 

Barnstable Co. 
Fairhaven 

New Bedford 

$0.15M 
$0.08M 
$0.15M 

11 
8 

23 

$16K 
$8K 

$14K 

9 
6 

17 

$0.18M 
$0.19M 
$0.28M 

12 
10 
26 

Otherb <$0.1K 3 $0 0 $0.2K 3 
Total (12 ports) $0.38M 28 $38K 21 $0.66M 31 

a Totals may not equal the sum of the parts, because permits can land in multiple ports/states. 
b Includes confidential state(s). 
Source: Surfclam logbook analysis. 
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Table 10 - Annualized revenue to states and ports and total permits attributed to hydraulic dredge 
fishing within the seasonal access areas (March-August), 2011-2016. 

State/Port 
East Door Old South Zone C Zone E 

Avg. 
Revenue 

Total 
Permitsa 

Avg. 
Revenu

 

Total 
Permits

 

Avg. 
Revenu

 

Total 
Permits

 

Avg. 
Revenu

 

Total 
Permits

 Massachusett
 

$22K 25 $0.55M 27 $28K 16 $8K 22 
Barnstable 

Co. 
Fairhaven 

 
 

$4K 
$7K 

$10K 

11 
5 

18 

$0.1M 
$0.1M 

$0.39M 

12 
6 

21 

$7K 
$17K 

$4K 

7 
4 

11 

$2K 
$4K 
$2K 

7 
5 

16 
Otherb <$0.1K 2 $1K 4 $0K 0 <0.1K 1 
Total (12 

 
$22K 25 $0.55M 28 $28K 16 $8K 22 

a Totals may not equal the sum of the parts, because permits can land in multiple ports/states. 
b Includes confidential state(s). 
Source: Surfclam logbook analysis. 

 

3. Suggested management alternatives 

This section describes four possible management alternatives, including (1) No Action, (2) 
designation of exemption areas, (3) designation of rotational exemption areas, and (4) exempting 
mussel dredges from any exemption areas defined for clam dredges. Each sub-section describes 
the alternative in general terms, provides a list of questions for consideration, and concludes with 
PDT input on these questions. 

a. Alternative 1: No action (no clam dredge access after April 2019) 
Description of alternative: The Council and NMFS determined that closing the GSC HMA along 
with the other changes in OHA2 was necessary to minimize the adverse impacts of fishing as 
required by the Magnuson Stevens Act (see Section 1 for details). Under Alternative 1 (No 
Action), beginning on April 9, 2019, clam dredge vessels will be prohibited throughout the GSC 
HMA. This alternative is based directly on the final alternative for this sub-region specified in 
Omnibus Habitat Amendment 2. The area would continue to be closed to mussel dredges.  
 

Questions to consider – Alternative 1 

Related to benefits and costs of management 

• What are the anticipated benefits of eliminating clam dredging activity from the HMA? 
• How might attainment of these benefits be measured? 
• What are the costs of eliminating this gear type from the HMA? 
• How are these costs and benefits distributed? 

Related to reevaluation 

• What are the Council’s plans for reconsidering its system of habitat management areas, 
including the Great South Channel HMA (i.e. what are plans for future management actions)?  

 
 



Habitat PDT to Committee re Clam Framework 
 

Page 30  October 31, 2018 (Corrected November 20, 2018) 

PDT input: In terms of the benefits of this alternative, elimination of fishing impacts to habitat 
within the HMA will allow for habitat recovery (for habitat function lost due to the impacts of 
clam dredge gears), and these recovered habitats will better support production of managed 
species that rely on them for spawning, breeding, feeding, or growth. In terms of how these 
benefits would be measured, assessing the impacts of area closures has been difficult, and the 
Council discussed during OHA2 development that we did not have all the information desired to 
be able to compare outcomes in open vs. closed areas. At the most basic level, an assessment of 
habitat condition before and after an area is closed would allow us to understand if the cessation 
of certain types of fishing activity in an area influence habitat condition. In addition to habitat 
surveys, it would be helpful to have fish survey data on the occurrence and relative abundance of 
species expected to benefit from habitat closures, including juveniles. Trawl survey effort in the 
western portion of the GSC HMA has been somewhat limited in the past.  
 
The costs of no action will be borne by the clam industry. While ocean quahogs are not caught in 
the GSC HMA, the catch of surfclams from the area has been about 20% of total surfclam catch. 
Costs will be distributed across a subset of surfclam dredge vessels, as suggested by the permit- 
and owner-level revenue plots. It is likely that these revenues will be made up, at least to some 
extent, by shifting effort to other areas where surfclams are harvested. Local to the HMA, this 
includes areas just to the west of the management area, as well as areas to the south within what 
was previously the Nantucket Lightship Habitat Closure. While effort redistribution is difficult to 
estimate, it is unlikely that revenue from within the HMA could be replaced entirely from these 
two alternate locations. Smaller clam vessels also fish off New Jersey, but this is a relatively long 
steam from the primary ports compared to Nantucket Shoals.  
 
Georges Bank is also a source of surfclams, and one that has grown in importance since 
reopening in 2013. However, there are important barriers that would likely prevent the vessels 
that currently fish on Nantucket Shoals from effectively exploiting clams on Georges Bank. The 
grounds on Georges Shoal and Cultivator Shoal are within a paralytic shellfish poisoning 
exemption area, and clams must be tested both at sea and at the conclusion of trip to ensure PSP 
toxins are not present. The cost of testing runs in the thousands of dollars per trip and is a fixed 
cost regardless of volume of clams caught. The three vessels that fish on Georges Bank catch 
high volumes of clams and can amortize these costs over a much larger volume of catch, whereas 
the Nantucket Shoals vessels hold many fewer cages. In addition, these Georges Bank vessels are 
refrigerated to ensure that appropriate product temperatures are maintained during the longer 
transit times to and from the Georges Bank grounds. The smaller vessels fishing on Nantucket 
Shoals cannot be at sea for as long. 
 
Per OHA2, the Council plans to revisit its system of habitat management areas every 10 years. 
At that time, the Council may decide to adjust GSC HMA boundaries or gear restrictions, or to 
eliminate the area completely in favor of a different approach to minimizing adverse EFH 
effects. 

b. Alternative 2: Designate year-round and seasonal exemption 
Description of alternative: Alternative 2 would designate clam dredge exemption areas based on 
the areas recommended by the clam industry. These areas would be open year-round or 
seasonally as guided by the Committee and Council’s August and September 2018 
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recommendations. Specifically, McBlair, Rose and Crown, Zone D, Zone A, and Zone B would 
be fished year-round, and East Door, Old South, Zone C, and Zone E would be fished seasonally. 
The Council recommended seasonal exemption areas be closed September 1 to the end of 
February. The remainder of the HMA including the areas between the exemption blocks and the 
northeast corner would be closed to clam dredging. For final Council consideration, the 
Committee may wish to recommend a subset of these areas or adjust the seasonal closure timing 
(see PDT input below on cod spawning season). 
 
The PDT recommends that this alternative include a requirement for enhanced monitoring. 
Specifically, that vessels entering the HMA provide a position every 5 minutes via an 
appropriate vessel monitoring system unit and that vessels seeking to fish in the HMA obtain an 
annual letter of authorization. This letter of authorization will allow NOAA Office of Law 
Enforcement to advise the permit office that the vessel seeking a permit carries an appropriate 
VMS unit. Vessels should also be required to declare into the GSC HMA if they plan to fish in 
the area during at trip. Finally, vessels transiting between the different exemption areas during a 
trip should be required to bring the dredge on board while transiting. This would be partial 
stowage of the gear, because the hoses would be left in the water. Typically, the hoses are only 
deployed and retrieved at the beginning and the end of fishing. The Enforcement Committee will 
discuss whether these areas as currently designed can be enforced given current tools, or if 
additional measures such as more frequent VMS polling might be necessary. At present, there 
are sections of certain areas that are less than a mile across, and some areas that are less than a 
mile apart. The Committee may wish to modify the boundaries of the exemption areas to 
facilitate their enforcement, specifically to eliminate portions of the areas narrower than about 
one mile across, and to eliminate pinch points between areas that are less than one mile. 
 

Questions to consider – Alternative 2 

Overarching questions 

• Is the objective to eliminate the adverse effects of fishing on habitats within the HMA, or to 
reduce them to the extent practicable? 

• If the latter, is this alternative consistent with the Council’s problem statement for this action? 
• Is the intent of the Council to maintain clam harvests from the HMA at levels like those 

presently being achieved? Is the period 2011-2017 an appropriate baseline for this evaluation? 

Related to identification of exemption areas 

• What is the expected vulnerability of the habitats found in each exemption area? What is the 
value of these habitats for managed species? 

• What are the expected effects of clam dredge gear on the habitats in each? How is habitat 
function impacted by the use of clam dredge gear? 

• What is the value of each exemption area to the clam fishery? Has the use of the area changed 
over time? For seasonal areas, does usage change throughout the year? 

• Can there be any positive benefit to bottom habitats in an area that is only closed to fishing at 
certain times of year?  

• Does clam dredging interrupt or otherwise interfere with cod spawning behavior/success? 
During what season are spawning cod likely to be occupying these spawning grounds? 
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Related to benefits and costs of management 

• What are the anticipated benefits to habitat and managed resources of eliminating clam 
dredging activity from other parts of the HMA on a year-round basis? 

• How might attainment of these benefits be measured? 
• What are the benefits to the fishery of allowing clam dredging to continue in designated 

exemption areas? 
• What are the costs of prohibiting clam dredging in certain areas, considering both seasonal and 

year-round closures? 
• How are these costs and benefits distributed across the industry? 

Related to enforcement 

• In the near term, can we ensure that fishing activity is limited to within the exemption areas 
given currently available monitoring requirements? Does 5-minute VMS polling provide enough 
resolution if current polling rates are insufficient?  

• In the near term, are there specific boundaries or pinch points between individual exemption 
areas that could be adjusted to improve enforceability? 

• Over the long term, if the survey results show that there are small patches of less vulnerable 
bottom habitat within larger areas of complex habitat where fishing could continue, are they 
large enough and regular enough in shape that they could be effectively enforced, even using 
VMS with a five-minute ping interval?  

 
PDT input: The PDT has discussed rather extensively and without particular resolution whether 
the objective of this framework is to continue to minimize the adverse effects of fishing on 
habitats within the HMA to be consistent with the objectives of OHA2, or if there is flexibility to 
partially reduce these impacts while considering the practicability of such reductions in terms of 
the impacts on the surfclam industry. The Council’s problem statement for this action can be 
read as leaving room for practicability concerns; the areas identified by industry are all currently 
fished, and they also contain high energy sand and gravel habitats. The question is whether it is 
the Council’s intent to find a compromise solution that maintains a sufficient amount of habitat 
protection but allows some access to historic clam fishing grounds in the HMA, and whether 
such an approach would be consistent with the objectives of OHA2. Related to this question is 
the issue of practicability: is it appropriate to reconsider what constitutes a practicable 
management approach in this action, or was that assessment already completed through OHA2? 
Has anything changed that would justify an updated assessment of practicability, for example our 
understanding of the value of the HMA to the industry, or the expected habitat benefits from 
closing all or part of the HMA to clam dredging? 
 
The PDT concludes that continued clam dredging will have adverse effects on EFH within the 
GSC HMA. This finding is based on a series of observations:  
 

• Complex habitat features vulnerable to the impacts of clam dredge gear occur to a greater 
or lesser extent in the five potential exemption areas that have been surveyed (Rose and 
Crown, Areas A, B, C, and D), based on based on the occurrence of complex, stable, 
and/or cobble/boulder-dominated habitat types.  
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• Three of the un-surveyed areas (Old South, McBlair, and Area E) encompass (at least 
partially) deeper seabed depressions between sand shoals. This is particularly true of Old 
South. The PDT has discussed that these depressions are likely to have similar complex 
habitat features as Rose and Crown, but this assessment is uncertain. East Door is located 
on a sand shoal. 

• Clam dredging and vulnerable habitat co-occur in space at the scale of kilometers. A 
higher resolution assessment that clam dredges avoid or interact with specific habitat 
features is simply not possible with currently available data. Cobbles and boulders are 
caught in clam dredge gear, as shown by the industry-based and federal dredge surveys. 

• Attached epifauna occurs throughout the HMA. Some of these species live for multiple 
seasons, such that if removed, impacts could not be defined as temporary (i.e., less than 
one year). These species provide important habitat functions beyond those provided by 
the presence of gravel and rocky substrates alone.  

• Even if the sand fraction of the sediment in the GSC HMA is highly mobile and 
frequently shifting, larger grain sizes provide stable attachment sites for organisms and 
thus stable habitat for fish. 

• Hydraulic clam dredges are known to have significant adverse effects on sand- and 
gravel-dominated habitat. It can be assumed that they have similar impacts on mixed 
sand, gravel, cobble, and boulder habitats and the attached epifauna found therein. 

 
On the other hand: 
 

• There is limited information on the habitat characteristics of the McBlair, Old South, and 
East Door areas from which to determine whether clam dredges and vulnerable habitat 
types co-occur. 

• Clam fishermen have indicated that the fishery avoids complex habitats to a large extent 
at fine spatial scales. 

• Recovery rates of attached species may be more rapid than assumed for cobble- and 
boulder-associated species in this HMA, since this area is highly dynamic relative to 
other locations in the Gulf of Maine and on Georges Bank.  

• Natural disturbance and sand movement may be a more important determinant of habitat 
condition in the HMA than assumed, and these dynamics may render the impacts of 
fishing-related disturbance difficult to detect.  

 
Given these observations, if the Committee and Council are committed to identifying a set of 
clam exemption areas that result in some measure of adverse impacts, the next question is how 
much access for the clam fishery is desirable. Does the Council intend to maintain clam harvests 
from the HMA at levels like those presently being achieved? While the PDT cannot answer this 
question, landings over the period 2011-2017 seems to be an appropriate baseline. Over this 
period, landings from the GSC HMA have been fairly stable, declining slightly over the most 
recent period. Landings in Southern New England have grown in importance to the fishery over 
time. 
 
The value of the different exemption areas to the fishery are variable within and across years. 
Old South and Rose and Crown stand out as important areas, as well as Areas A and D. Areas C 
and E, McBlair, and East Door have had lesser amounts of effort, although they are also smaller. 
Considering where sub-market clams occur at present, moderate depth areas including Old 
South, Rose and Crown, A, B, and D will likely continue as important areas over the coming 
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years. It is unknown if clams will continue to shift in their distribution such that Areas C and E 
will become more important in the future.  
 
In terms of the seasonal areas, the open period (March-August) has more revenue than the closed 
season (September-February) across most areas and years. At least some of the effort from the 
closed season would likely be redistributed into the open season, or into areas that remain open 
during the winter, if any. The PDT assumes that the primary conservation benefit of seasonal 
closures would be to eliminate the use of clam dredge gear from times and areas where cod 
spawning might occur. While fish, including cod, are infrequently captured in clam dredges, it is 
reasonable to assume that spawning activity would be disturbed by clam dredging. A similar 
rationale for seasonal cod spawning closures was provided in OHA2 for the new Massachusetts 
Bay Cod Spawning Protection Area. The PDT agreed that these seasonal closures would have 
limited benefits from a habitat protection perspective.  
 
In addition, the PDT reviewed information on when and where cod spawning occurs in the GSC 
HMA and consulted with the Groundfish PDT on this. A recent report (DeCelles et al. 2017a) 
and related primary publication (DeCelles et al. 2017b) summarize the state of knowledge on cod 
spawning on the Shoals. Pertinent sections of DeCelles et al. 2017a are included below. To 
summarize the findings on timing, November through April seems an appropriate closure 
period for the seasonal closure areas of East Door, Old South, Area C, and Area E. 
 

“Nantucket Shoals has long been known to serve as a spawning and feeding ground for 
cod.  Goode (1887b) described a number of important cod fishing grounds on Nantucket 
Shoals and east of Cape Cod including Outer Crab Ledge, Pollock Rip, Great Rip, 
Fishing, Rip, and Phelps Bank. Goode (1887b) described the seasonality of cod fishing in 
each of these locations, but unfortunately he did not make any mention of cod spawning 
activity at these locations. Smith (1902) collected cod from Nantucket Shoals and held 
them in a laboratory at Woods Hole for a tagging study. He observed that the eggs 
matured over a period of several weeks, and that the spawning season for cod taken on 
Nantucket Shoals ranged from the middle of November until the end of January.  
 
“Schroeder (1930) tagged over 24,000 cod on Nantucket Shoals between 1923 and 1929 
to investigate their movement patterns and spawning behavior. Schroeder concluded that 
cod spawn on Nantucket Shoals from November to April, with the peak spawning 
activity occurring in December and January (Figure 4). Bigelow and Schroeder (1953) 
stated, “the broken bottom of Nantucket Shoals…has long been known as a center of 
abundance for ripe cod fish in late autumn and early winter.” Tagging studies 
documented two migratory behaviors of cod on Nantucket Shoals, with a group of fish 
that would remain resident on the Shoals throughout the year, and a second group of cod 
that would migrate to the south and east in the fall as water temperatures declined. These 
migratory fish would overwinter and spawn in several locations in southern New England 
and the mid-Atlantic including Coxes Ledge, eastern Long Island, Cholera Bank, and off 
of Atlantic City before migrating back to Nantucket Shoals the following spring (Smith, 
1902; Schroeder, 1930; Wise, 1958). 

 
“Although fishermen reported that the spawning season on Nantucket Shoals is 
protracted, they identified November and December as the peak spawning season in this 
area (Figure 16 of report).  This timing aligns well with the scientific information.  
Sampling conducted during the MARMAP program observed a relatively high density of 
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cod eggs in the waters around Nantucket Shoals in November and December, which may 
indicate spawning activity in the region (Berrien and Sibunka, 1999).  Schroeder (1930) 
documented spawning on Nantucket Shoals from November to April, with peak 
spawning in December and January, while Smith (1902) reported that spawning lasted 
from November until January, and Bigelow and Schroeder (1953) documented spawning 
in “late autumn and early winter”.   
 
“The four spawning grounds on Nantucket Shoals described by Schroeder (1930) (Figure 
4 from section 1) were identified by three or more fishermen during the interviews, as 
were a number of other spawning grounds in the region.  The NEFSC trawl survey 
occasionally samples the consensus spawning grounds that were identified on eastern 
Nantucket Shoals (“Asia Rip”, ”Middle Rip” and “Fishing Rip”), and small catches of 
spawning cod have been observed near these spawning grounds during both the NEFSC 
fall and spring surveys.  However, consensus spawning grounds on western Nantucket 
Shoals (e.g., “The Lagoon”, “The Fingers”) are outside of offshore strata 9 to 25, and 
NEFSC survey tows made in these locations are not included in the Georges Bank cod 
stock assessment.   
 
“Schroeder (1930) discussed the seasonal migration of cod on Nantucket Shoals in detail, 
and documented a year-round resident population of cod.  Bigelow and Schroeder (1953) 
also claimed that there were both resident and migratory cod on Nantucket Shoals.  Three 
fishermen with extensive experience fishing for cod in this region made similar 
observations, and referred to the cod inhabiting the area year round as “groundskeepers”.  
These fishermen also described migratory cod that visited Nantucket Shoals in the 
late fall and winter, and observed that cod migrate from the deeper waters of Great 
South Channel and potentially from the Gulf of Maine to Nantucket Shoals in the 
late fall.  The cod would first appear on the eastern portion of Nantucket Shoals 
(e.g., Davis Shoal) and then would migrate further to the western shoals (e.g., Old 
Man Shoal) in the winter, where they would mix with the resident group of fish.  
Some fishermen we interviewed thought that this westward migration occurred after the 
first Nor’easter of the season, the effect being that the stormy north easterly winds would 
mix and bring in cool water that cod preferred.  The fishermen observed that some of 
these cod would spawn on Nantucket Shoals, while others would continue migrating 
further to the west to spawn in other locations (presumably Coxes Ledge and south of 
Martha’s Vineyard).” 
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Table 11 – Evidence for the timing of cod spawning on Nantucket Shoals and other regions of 
Georges Bank. Source: DeCelles et al. (2017a). 

 
 
The surfclam industry will benefit from exemptions to the mobile-bottom tending gear closure. 
On average, around 10,000 hours of fishing time occurs in the GSC HMA, based on the VMS 
data, and roughly 90% of those hours are fished within the potential exemption areas, combining 
all areas and seasons. Reducing seasonal access in some areas, eliminating some of these areas 
from the exemption proposal, or reducing the areas in size (for example to improve 
enforceability) will reduce this percentage. Given interannual variability in the usage of specific 
areas, it is hard to assess whether changes in access will reduce revenues generated in the HMA, 
or if the fishery will be able to adjust and maintain their revenues while fishing in a reduced 
footprint. Clam survey data are insufficient for developing area-specific biomass estimates.  

c. Alternative 3: Designate year-round and seasonal exemption areas with area 
rotation 

Description of alternative: Alternative 3 would be like Alternative 2, except that at any given 
point in time, a portion of the areas would be open to clam dredging, and then the areas would 
switch according to a pre-determined rotational schedule. The primary objective would be to 
allow enough time for habitat recovery while allowing fishing to continue in other areas on a 
year-round or seasonal basis. The remainder of the GSC HMA including the areas between the 
exemption blocks and the northeast corner would be closed to clam dredging.  
 
The Council would need to determine how many groupings of areas are being considered (3 vs. 
2; Table 12 and Table 13) which areas or parts of areas are grouped together (accounting for 
clam size distributions, area sizes, distance from shore, etc.), and what the rotational interval 
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should be in number of years. The PDT recommends a 5-year rotation if three sets of areas are 
rotated, ensuring that areas are closed for 10 years each time before they reopen, and a 10-year 
rotation if two sets of areas are rotated, again ensuring that areas are closed for 10 years. While 
the Council recommended seasonal exemption areas could be fished between March 1 and 
August 31, the PDT suggests that a November 1-April 30 closure better corresponds with times 
when cod spawning may be occurring on the shoals. 
 
The PDT recommends the same monitoring approaches as Alternative 2, i.e. 5-minute VMS 
polling interval, annual letter of authorization to fish in the GSC HMA, VMS declaration 
requirement, and the dredge must be on board when moving between sub-areas.  
 
Table 12 - Potential area rotation scheme for Alternative 3 – three areas 

Rotation 1 
Years 1-5 

Rotation 2 
Years 6-10 

Rotation 3 
Years 11-15 

Year-round areas Year-round areas Year-round areas 
Northern part of Rose and 

Crown, McBlair 
Areas A, B, and D, McBlair Southern part of Rose and 

Crown, McBlair 
Seasonal areas Seasonal areas Seasonal areas 

East Door, Old South, Area C, 
Area E 

East Door, Old South, Area C, 
Area E 

East Door, Old South, Area C, 
Area E 

 
As described above, this approach balances average hours fished amongst the three rotations, 
with between 44-45% of the annual hours fished in the exemption area in each grouping. Rose 
and Crown would be split to balance the amount of effort that has occurred over the past eight 
years in each section, vs. creating two areas of equal size. Depending on how Rose and Crown is 
split, somewhere between 8.5%-13.3% of the HMA would be open to fishing in any given year. 
McBlair is open in rotations 1, 2, and 3 because it is closer to shore, making it easier to fish in 
the winter, and has less effort in recent years compared to the other rotating areas, such that its 
value as a fishing ground is probably less than Rose and Crown, D, A, or B. In addition, McBlair 
is in the region of the HMA where mussel dredging occurred historically, so it would be useful to 
have that area accessible on an annual basis if exemptions are granted to mussel dredges.  
 
The seasonal areas are also part of each rotation above. East Door and Area E have relatively 
small amounts of effort, and Old South has been of long-term importance to the fishery as 
measured by revenue and hours fished. Area C has moderate amounts of effort, between Areas A 
and D. If these areas were rotated as well, one approach would be to open East Door, C, or E in 
sequence, combined with portions of Old South, splitting Old South according to past fishing 
effort vs. creating areas of equal size.  
 
Table 13 - Potential area rotation scheme for Alternative 3 – two areas 

Rotation 1 
Years 1-10 

Rotation 2 
Years 11-20 

Year-round areas Year-round areas 
Northern part of Rose and Crown, Area A, Area B, 

McBlair 
Southern part of Rose and Crown, Area D, McBlair 

Seasonal areas Seasonal areas 
East Door, Old South, Area C, Area E East Door, Old South, Area C, Area E 
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The two-rotation option is similar to the three-rotation option, except that Rose and Crown 
would need to be divided differently to have more effort in Rotation 1 if the goal is to balance 
recent effort among the two scenarios (A and B combined have less revenue and hours fished vs. 
Area D). 
 
To rotate the seasonal areas, Old South could be divided in half according to past revenue, 
perhaps grouping it with East Door, and combining a section of Old South with Area C for one 
rotation, and another section with Area E for the other.  
 

Questions to consider – Alternative 3 

Overarching questions 

• Is the objective to eliminate the adverse effects of fishing on habitats within the HMA, or to 
reduce them to the extent practicable? 

• If the latter, is this alternative consistent with the Council’s problem statement for this action? 
• Is the intent of the Council to maintain clam harvests from the HMA at levels like those 

presently being achieved? Is the period 2011-2017 an appropriate baseline for this evaluation? 

Related to overall feasibility of rotation 

• If the intent with respect to the surfclam fishery is to maintain clam harvests from Nantucket 
Shoals at or near present levels, is there enough biomass of surfclams within half or a third of 
the identified sub-areas to allow for this level of harvest to be maintained? Do we have enough 
information to make an informed assessment on this issue? 

• If yes, are there operational or safety concerns about crowding/spacing of fishing vessels on a 
smaller set of fishing grounds? 

Related to identification of exemption areas 

• What is the expected vulnerability of the habitats found in each exemption area? What is the 
value of these habitats for managed species? 

• What are the expected effects of clam dredge gear on the habitats in each? How is habitat 
function impacted by the use of clam dredge gear? 

• What is the value of each exemption area to the clam fishery? Has the use of the area changed 
over time? For seasonal areas, does usage change throughout the year? 

• Can there be any positive benefit to bottom habitats in an area that is only closed to fishing at 
certain times of year?  

• Does clam dredging interrupt or otherwise interfere with cod spawning behavior/success? 

Related to number and makeup of rotational area groupings 

• Assuming the nine areas in combination represent the clam fishing grounds in the HMA, if 
similar harvests are to be achieved from a smaller fraction of the fishing grounds, how does this 
affect catch rates and tow duration?  

o How does this affect variable costs (fuel, etc.) and profitability? 
o How does this affect swept area and thereby the magnitude of impacts to benthic 

habitats? 
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o Does less flexibility in fishing location choice influence vessel operator decision making 
around avoiding certain locations because they contain more complex habitats? 
Specifically, are captains more likely to accept the time/effort tradeoffs associated with 
fishing in complex bottom if their options are reduced? 

• Given growth rates and spatial distribution of surfclams in the HMA, what area rotation 
schedule would be most useful to industry? 

o Consider whether areas closer to port are used more in the winter months 
o Consider whether individual areas have become more important or less important over 

time 
o Consider combinations of areas that presently have larger clams with those that 

presently contain smaller clams 

Related to rotational interval 

• Is the goal to keep areas closed long enough to allow for recovery of benthic habitat features? 
What does recovery mean, and how would it be measured? Once a previously fished area is 
closed and habitats have recovered, how much longer should it remain closed in a fully 
recovered state to maximize benefits to the groundfish resources that it supports? In other 
words, should an area remain closed after it has recovered, or is recovery the trigger for shifting 
to a new set of rotational areas?  

• How long would this recovery take? Is it more useful to think about the recovery times of 
individual taxa/species, or should we be considering community-level dynamics?  If the latter, 
do we know enough about community recovery dynamics in this kind of environment to use this 
as a realistic management goal? 

• Are there taxa/species that are more susceptible to effects of clam dredges? Do they have faster 
or slower recovery rates than other organisms exposed to dredging? 

• Are there particular habitat features that enhance survival/growth of juvenile groundfish more 
than others? What are they? What are their recovery times? 

Related to benefits and costs of management 

• What are the anticipated benefits to habitat and managed resources of eliminating clam 
dredging activity from other parts of the HMA on a year-round basis? 

• How might attainment of these benefits be measured? 
• What are the benefits to the fishery of allowing clam dredging to continue in designated 

exemption areas? 
• What are the costs of prohibiting clam dredging in certain areas, considering both seasonal and 

year-round closures? 
• How are these costs and benefits distributed across the industry? 

Related to enforcement 

• In terms of enforceability of discrete areas that are nested within a larger closure, there may be 
concerns with having small spatial gaps between adjacent exemptions. This could be mitigated 
by putting adjacent areas into different rotational groupings. Or it could be mitigated by 
adjusting the coordinates of the exemption areas to create wider gaps. 
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PDT input: Overall, considerations under Alternative 3 are like those for Alternative 2. 
Compared to a scenario where all nine areas are designated as exemptions, and assuming the 
same seasonality of closures for cod spawning protection, rotation will reduce the amount of area 
accessible to the fishery in any given year to achieve some level of temporary (10 years) habitat 
protection. There is not enough clam survey data for estimating biomass in each of the areas, so 
the best information to use to balance access to the clam resource across rotational periods is the 
logbook and VMS data on past fishing effort. Certainly, the three-group rotational approach will 
place more effort into fewer areas. 
 
Industry members have raised concerns that when the rotational areas switch, newly re-opened 
grounds will be very attractive from a clam resource perspective, which could draw vessels from 
outside the core set of fishermen working the Shoals, potentially increasing effort in the open 
areas more than what would occur from the redistribution of the vessels currently active in the 
GSC HMA. The PDT agreed this is a valid concern. Under Alternative 2 or Alternative 3, 
dredging effort will be more concentrated spatially, but this is of greater concern with 
Alternative 3, unless Alternative 2 is modified to maintain access in some sub-set of the nine 
proposed exemption areas. At some point, vessel crowding could be a concern, but it is unclear 
to the PDT how small the areas would need to be to cause safety issues. Issues of crowding are 
likely to be exacerbated by poor weather, especially given that Nantucket Shoals is already a 
challenging place to fish.  

d. Alternative 4: Authorize use of mussel dredge gear in the HMA in the same 
areas and times as clam dredges are permitted 

Description of alternative: Alternative 4 would allow mussel dredge gear to be used in any areas 
where hydraulic clam dredges are authorized for use. Alternative 4 could be paired with 
Alternative 2 or Alternative 3 and would allow mussel dredge gear to be used in the same areas 
as clam dredge gear. If seasonal or rotational closures are in effect for clam dredge gear, these 
closures would be applied to mussel dredge gear as well.  
 
The PDT suggests that monitoring of mussel dredge vessels be done in the same manner as for 
clam dredge vessels, i.e. require a letter of authorization, use of a VMS unit that is capable of 5-
minute polling, a VMS declaration into the HMA each trip, and that the dredge be brought on 
board when transiting between exemption areas.  
 

Questions to consider – Alternative 4 

Overarching questions 

• How do the distributions of surfclams and mussels overlap (or not) within the HMA? 
• Given this finding, are the impacts of mussel dredges more likely to be additive to those 

associated with surfclam dredges? Or does the likelihood of spatially overlapping fishing effort 
suggest that the effects of the two gear types in combination are less than additive?   

• Does harvest of mussels, which are a structure forming epifauna species in and of themselves, 
constitute an adverse impact on EFH by definition? If yes, is there a magnitude of fishing effort 
and associated mussel removals that would be small enough to result in minimal adverse 
effects? Given the growth rates of mussels, can the adverse effects associated with these 
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removals be considered temporary? Do we have sufficient data on mussel distribution and 
biomass within the HMA to make these determinations? 

Related to enforcement 

• Should the same monitoring requirements associated with any clam dredge vessel exemptions 
be replicated for mussel dredge vessels? 

 
PDT input: At present, little is known about mussel bed distribution within the GSC HMA. 
Sources of information include observation in the SMAST drop camera survey, catch in the 
industry-based clam dredge survey, and industry-provided mussel bed locations that were fished 
in the 1980s and 1990s, as well as some that were fished more recently with mussel dredge, clam 
dredge, or gillnet gear. These locations are unlikely to be a comprehensive accounting of all 
mussel beds, and the spatial extent of mussel biomass associated with the beds that currently 
exist on the Shoals is unknown. Based on the industry-based clam dredge survey, there is at least 
some correspondence between mussel and surfclam distributions in mid-depths in the HMA at 
the scale of a survey tow. Although the Clam industry is currently not prohibited from fishing for 
mussels, industry members have explained that when they are fishing for clams, they are 
attempting to supply processing demands, such that there is no incentive to catch mussels. In 
addition, mussels are difficult to process, and the quality of mussels captured in hydraulic 
dredges is typically poor. Overall, mussel beds are avoided whenever possible, and it seems 
possible to catch clams without catching large numbers of mussels.  
 
It can thus be inferred that clams and mussels have mostly distinct distributions at the scale of a 
tow (i.e. sub-kilometer scale). As discussed previously, clam dredge tows are typically less than 
a kilometer long, and mussel dredge tows can be even shorter. This suggests that if both mussel 
dredges and clam dredges were authorized to fish in an area, that the effort by the two gears may 
only overlap minimally, such that impacts of the two gears would be additive to one another. 
 
Mussels are themselves a structure-forming epifauna species, such that their removal via fishing 
has a negative effect on habitat structure. Whether or not this constitutes an adverse effect to 
EFH arguably depends on the magnitude of removals relative to the biomass of the individual 
mussel bed, as well as the magnitude of mussel dredging relative to the amount of mussel beds 
occurring throughout the HMA overall. While the extent of mussel habitat in the HMA is 
unknown, mussels are a relatively fast-growing species such that beds could likely recover from 
impact fairly quickly, depending on the magnitude of removals from the bed. Mussel industry 
members have suggested that a declumper be required of any vessel that fishes the HMA, so that 
smaller mussels can be returned to the seafloor.  
 
It is unknown how many vessels might participate in a mussel dredge fishery in the GSC HMA, 
but the present fishery in Cape Cod Bay provides a sense of scale in terms of number of vessels 
and total landings. Table 14 shows Massachusetts mussel landings for the most recent five-year 
period. The vast majority of landings in Massachusetts come from the Cape Cod Bay fishery 
(Erich Druskat, MADMF personal communication). Mr. Santoro indicated that only some of 
these vessels would be suitable for fishing offshore (i.e. on Nantucket Shoals), but other vessels 
not participating in the current state waters fishery could potentially enter the fishery should 
exemptions be granted. Mr. Santoro provided his tow locations from Cape Cod Bay, and his 
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landings (right hand column of Table 14) come from an area that is roughly 1.5 km2 in size (i.e., 
relatively small at the scale of Cape Cod Bay). 
 
At present, vessels that only harvest mussels in federal waters and do not have other federal 
permits would not need to submit VTRs or have a VMS unit. However, should mussel dredge 
exemptions be authorized, the Council should consider mirroring the monitoring requirements 
for the clam dredge fishery. Fine scale effort distributions inferred from VMS data, combined 
with catch data from VTR, would provide the best information about the areas where mussels 
occur in the HMA and could be used to identify areas where benthic habitat surveys might be 
considered. 
 
Table 14 – Massachusetts mussel landings. Data in the last column were provided by Domenic 
Santoro.  

YEAR 

Total MA landings 
Source: MATL Reports, NMFS VTRs 

Total MA landings 
Source: dealer/ACCSP data 

warehouse 

D. Santoro landings only 
Source: MATL Reports, 

NMFS VTRs 

Live pounds Vessel count Live pounds Live pounds, SRA 7 

2013 5,920,892 6 7,051,045 416,470 

2014 10,274,760 6 10,914,657 4,881,175 

2015 11,559,448 10 15,337,133 5,937,118 

2016 10,547,611 11 11,578,741 6,255,316 

2017 9,930,356 11 12,140,181 7,178,969 
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Map 8 – Bounding box for D. Santoro fishing effort in Cape Cod Bay. Source: coordinates provided 
by D. Santoro. Area is approximately 1.5 km2. 

 
Map 9 – Cape Cod Bay grounds relative to GSC HMA. 
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4. Research program 

The PDT has discussed research gaps and ideas related to this area and clam dredge impacts at 
various meetings, including the most recent ones in September and October 2018. An explicit 
statement of support for further research could be paired with any of the alternatives. Further 
research to address habitat characterization and gear impacts should involve a broad range of 
stakeholders in both the planning, execution, and review stages. This could include staff and 
members of both regional fishery management Councils, NMFS staff, academic researchers, and 
industry members. 
 
At the most basic level, an assessment of habitat condition before and after an area is closed 
would allow us to understand if the cessation of certain types of fishing activity in an area 
influence habitat condition. Acoustic surveys could be ideal for this, but groundtruthing of the 
signals with video or still images is important. In addition to habitat surveys, it would be helpful 
to have fish survey data on the occurrence and relative abundance of species expected to benefit 
from habitat closures, including juveniles. Trawl survey effort in the western portion of the GSC 
HMA has been somewhat limited in the past, and young of the year animals tend to be poorly 
sampled. Experimental fishing or well quantified commercial fishing effort could be compared to 
unfished control areas in a before-after-control-impact (BACI) study of fishery impacts. 
Repeated surveys to understand ongoing recovery dynamics are an important and often lacking 
element of such BACI studies. 
 
The PDT can help the Committee and Council scope out a more detailed research program, if 
there is an interest in incorporating such a program into the range of alternatives. 
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