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A large black coral and two Paramuricea corals in Oceanographer Canyon. Image 
courtesy of NOAA Okeanos Explorer Program, 2013 Northeast U.S. Canyons Expedition. 

 
Close-up of a sea pen colony at 2,023 meters depth on Retriever Seamount. Sea pens are 
octocorals and the characteristic eight pinnate tentacles are plainly visible in this image. 
The dark line running down below the tentacles of each polyp is the pharynx, connecting 

the mouth to the bag-like digestive cavity. A mysid shrimp (“possum shrimp”) is 
swimming by the colony. Image courtesy of NOAA Okeanos Explorer Program, Our 

Deepwater Backyard: Exploring Atlantic Canyons and Seamounts. 
 

Cup corals and a sea star a mile underwater in Heezen Canyon. Image courtesy of NOAA 
Okeanos Explorer Program, 2013 Northeast U.S. Canyons Expedition. 

 
A Paramuricea coral in Nygren Canyon which 165 nautical miles southeast of Cape Cod, 

Massachusetts. Image courtesy of NOAA Okeanos Explorer Program, 2013 Northeast 
U.S. Canyons Expedition. 
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1 Executive summary 

1.1 Need and purpose for action 
The purpose of this action is to consider area-based management measures for deep-sea 
corals occurring within the New England region. This action is needed to reduce potential 
impacts to corals from fishing activity, as allowed under the Council's discretionary 
authority. 
 
The Council has identified the following problem statement for this amendment: 
 
The Council is utilizing its discretionary authority under section 303(b) in MSA to 
identify and implement measures that reduce, to the extent practicable, impacts of fishing 
gear on deep-sea corals in New England. This amendment contains alternatives that aim 
to identify and protect concentrations of corals in select areas and restrict the expansion 
of fishing effort into areas where corals are likely to be present. 
 
Deep-sea corals are fragile, slow-growing organisms that play an important role in the 
marine ecosystem and are vulnerable to various types of disturbance of the seafloor. At 
the same time, the importance and value of commercial fisheries that operate in or near 
areas of deep-sea coral habitat is recognized by the Council. As such, measures in this 
amendment will be considered in light of their benefit to corals as well as their costs to 
commercial fisheries. 

1.2 Alternatives considered 

1.3 Environmental consequences of alternatives 

1.4 Areas of controversy 

1.5 Issues to be resolved 
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3 Background and purpose 
Worldwide, deep corals can build reef-like structures or occur as thickets, isolated 
colonies, or solitary individuals, and often are significant components of deep-sea 
ecosystems, providing habitat (substrate, refugia) for a diversity of other organisms, 
including many commercially important fish and invertebrate species. They are 
suspension feeders, but unlike most tropical and subtropical corals, do not require 
sunlight and do not have symbiotic algae (zooxanthellae) to meet their energy needs. 
Deep corals can be found from near the surface to 6000 m depth, but most commonly 
occur between 50-1000 m on hard substrate (Puglise and Brock 2003), hence their “deep-
sea” appellation. 
 
An array of coral species live in the northeast region. These corals vary in terms of their 
size, shape, and flexibility, growth rates and reproductive strategies, and habitat 
associations. Some are relatively common, whereas other types are rare. All of these 
species have some level of vulnerability to fishing gear impacts, but the degrees of 
susceptibility and the rates of recovery are likely variable. Specifically, the gorgonians 
and the black corals have complex physical structure that is likely to be more susceptible 
to damage from fishing. Other species likely to be more vulnerable are listed in Table 1. 
 
Table 1 – Species of coral in the NE region that are likely to be more vulnerable to fishing gear based 
on their physical characteristics 
Species, Order  Form  Distribution (needs to be updated with 

new data) 

Acanella arbuscula; 
alcyonacean 

Only 15 cm high, but stiff and 
delicate 

Canyons (Watling et al 2011), including on 
soft bottom, few in Oceanographer Canyon 
(Hecker and Blechschmidt); also on 
seamounts 

Acanthogorgia 
armata; alcyonacean 

Up to 50 cm high, usually 10‐20 
cm 

Western N. Atlantic, including on 
seamounts (Appendix B in Hecker & 
Blechschmidt 1980 MMS Report, Watling et 
al 2011) 

Anthomastus agassizii 
and A. grandiflorus; 
alcyonaceans 

Stalked colonial corals  Deeper areas of canyons, A. grandiflorus on 
seamounts (Watling et al 2011) 

Chrysogorgia agassizi; 
alcyonacean 

30 cm or more, delicate‐looking
with fine branches 

Several in deep water in vicinity of Hudson 
Canyon (Appendix B in Hecker & 
Blechschmidt 1980 MMS Report); other 
species of Chrysogorgia on seamounts 
(Watling et al 2011) 

Paragorgia arborea, 
other Paragorgia 
species; alcyonaceans 

Very large, up to 1.5 m high P. arborea: western North Atlantic, 
including in axes of Oceanographer, 
Baltimore and Norfolk canyons (Appendix B 
in Hecker & Blechschmidt 1980 MMS 
Report); other species on seamounts 
(Watling et al 2011) 

Paramuricea grandis; 
alcyonacean 

Up to 80 cm, frequently 20‐30 cm Not found south of Georges Bank 
(Appendix B in Hecker & Blechschmidt 1980 
MMS Report) 
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Species, Order  Form  Distribution (needs to be updated with 
new data) 

Primnoa 
resedaeformis; 
alcyonacean 

Large colonies up to 1 m or more, 
stiff yet flexible, hard/rigid at base 

Found in Norfolk, Lydonia, Baltimore 
canyons (Appendix B in Hecker & 
Blechschmidt 1980 MMS Report) 

Thouarella grasshoffi; 
alcyonacean 

Colonies consist of 1–3 main 
branches, from which numerous 
closely spaced (usually less than 2 
mm apart) branchlets originate on 
all sides of the main branch in a 
bottlebrush arrangement. The 
branchlets are undivided, about 
4.5 cm in length, and flexible in 
tension. The holotype is a single 
main stem 35 cm tall and 8–9 cm 
in width that has been broken 
from its base, the axis being 2.4 
mm in proximal diameter and 
brownish in color. 

Manning and Bear Seamounts of the New 
England Seamount Chain, and 
Oceanographer Canyon (Cairns, S.D. 2006, 
Watling et al. 2011).  

Desmophyllum 
cristagalli; stony coral 

Large solitary horn coral (related 
species D. dianthus up to 10 cm 
high) 

On hard substrates in canyon axes on hard 
bottom (Appendix C in Hecker & 
Blechschmidt 1980 MMS Report) 

Solenosmilla 
variabilis; stony coral 

Forms large bushy colonies Lydonia Canyon, Hendrickson Canyon
(Appendix C in Hecker & Blechschmidt 1980 
MMS Report), Bear Seamount  

The black corals 
(order Antipatharia), 
genera Antipathes, 
Leiopathes, 
Parantipathes 

Branching colonial corals Have only been documented on 
seamounts, but it is possible that they exist 
in other areas as well which haven’t been 
surveyed  

3.1 Need and purpose for action 
The purpose of this action is to consider area-based management measures for deep-sea 
corals occurring in the New England region. This action is needed to reduce potential 
impacts to corals from fishing activity, as allowed under the Council's discretionary 
authority. 

3.2 Problem statement 
The Council is utilizing its discretionary authority under section 303(b) in MSA to 
identify and implement measures that reduce, to the extent practicable, impacts of fishing 
gear on deep-sea corals in New England. This amendment contains alternatives that aim 
to identify and protect concentrations of corals in select areas and restrict the expansion 
of fishing effort into areas where corals are likely to be present. 
 
Deep-sea corals are fragile, slow-growing organisms that play an important role in the 
marine ecosystem and are vulnerable to various types of disturbance of the seafloor. At 
the same time, the importance and value of commercial fisheries that operate in or near 
areas of deep-sea coral habitat is recognized by the Council. As such, measures in this 
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amendment will be considered in light of their benefit to corals as well as their costs to 
commercial fisheries. 

3.3 Management background and authority 
There are multiple provisions in the Magnuson Stevens Fishery Conservation and 
Management Act (MSA) that can be used to justify coral protection.  One is the Essential 
Fish Habitat (EFH) authority, where corals are considered a component of essential fish 
habitat, and fishing restrictions are enacted in the context of minimizing, to the extent 
practicable, the effects of fishing on EFH (see section 305(b)).  In the Northeast region, 
this authority was used in Monkfish FMP Amendment 2 to protect deep-sea corals and 
associated habitat features in two offshore canyons, Lydonia and Oceanographer, from 
fishing activity occurring under a monkfish day at sea.  Options for minimizing the 
adverse effects of fishing on EFH include fishing equipment restrictions, time/area 
closures, and harvest limits (in this case, direct harvest of corals). 
 
In the Northeast Region, coral distributions extend well beyond the bounds of designated 
EFH.  The Section 303(b) discretionary provisions found in the 2007 reauthorization of 
the MSA (below) provide a second and more flexible mechanism by which Councils may 
protect deep-sea corals from the effects of fishing.  
 

Any fishery management plan which is prepared by any Council, or by the Secretary, 
with respect to any fishery, may— 
(A) designate zones where, and periods when, fishing shall be limited, or shall not be 

permitted, or shall be permitted only by specified types of fishing vessels or with 
specified types and quantities of fishing gear; 

(B) designate such zones in areas where deep sea corals are identified under section 
408 (this section describes the deep-sea coral research and technology program), 
to protect deep sea corals from physical damage from fishing gear or to prevent 
loss or damage to such fishing gear from interactions with deep sea corals, after 
considering long-term sustainable uses of fishery resources in such areas; and  

(C) with respect to any closure of an area under this Act that prohibits all fishing, 
ensure that such closure— 

(i) is based on the best scientific information available; 
(ii) includes criteria to assess the conservation benefit of the closed area; 
(iii) establishes a timetable for review of the closed area’s performance 

that is consistent with the purposes of the closed area; and 
(iv) is based on an assessment of the benefits and impacts of the closure, 

including its size, in relation to other management measures (either 
alone or in combination with such measures), including the benefits 
and impacts of limiting access to: users of the area, overall fishing 
activity, fishery science, and fishery and marine conservation; 

 

In May 2010, the Council received guidance from NMFS NERO regarding 
implementation of the discretionary provisions. This guidance was updated by the NMFS 
Office of Habitat Conservation and distributed to all eight regional fishery management 
councils in June 2014. Both the 2010 and 2014 guidance documents refer to the deep-sea 
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coral research and technology program as a conduit for providing information about coral 
distributions to the Councils. According to the 2014 guidance, when designating deep-sea 
coral zones, the following parameters and considerations apply: 
 

1. The authority may only be used for deep-sea coral areas identified by the 
DSCRTP. 

2. Deep-sea coral zones may only be designated within the U.S. Exclusive 
Economic Zone (EEZ) and within the geographical range of a fishery managed 
under an FMP.  A Council may develop protective measures for such zones that 
apply to any fishing, not just that managed under the applicable FMP. Thus, 
measures may apply to fishing that is managed under a different federal FMP or 
to state-regulated fishing that is authorized in the EEZ.1 

3. A Council should coordinate with potentially affected Councils, state 
commissions, and states to ensure that it has sufficient information to support the 
need for its action and to analyze impacts of the action on other fisheries. 

4. Long-term sustainable uses of fishery resources in the deep-sea coral areas must 
be considered. This consideration informs but does not limit the scope of 
protective measures that a Council may adopt. 

5. Deep-sea coral zones and protective measures may be adopted even if there are no 
vessels currently fishing at or near the areas or there is no indication that current 
fishing activities are causing physical damage to deep-sea corals.  

6. To ensure the effectiveness of protective measures, deep-sea coral zones may 
include, as necessary, additional areas beyond the exact locations of the deep-sea 
corals. 

 
The 2014 guidance suggests the following criteria for identification of coral zones. The 
NOAA Strategic Plan for Deep-Sea Coral and Sponge Ecosystems (NOAA 2010b) 
provides similar guidance on selection of coral conservation measures. 
 

 The size of the reef or coral aggregation, or density of structure-forming deep-sea 
corals; 

 The occurrence of rare species; 
 The importance of the ecological function provided by the deep-sea corals as 

habitat; 
 The extent to which the area is sensitive to human-induced environmental 

degradation; 
 The likelihood of occurrence of deep-sea corals in unsurveyed areas based on the 

results of coral habitat suitability models or similar methods. 
 

                                                 
 
1 This is different from the 2010 guidance from NERO, which indicated that for coral management 
provisions to apply to fisheries managed under the Atlantic Coastal Cooperative Fisheries Management Act 
(ACA), either the ASMFC must take complementary action in their FMP, or there must be a Council FMP 
for the same resource.  The relevant example in our region is the offshore component of the American 
lobster fishery, which is managed by ASMFC. 
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Finally, the 2014 guidance suggests that options for protecting corals from fishing gear 
damage include but are not limited to: 
 

1. Restrictions on the location where fishing may occur. If a closure to all fishing is 
being considered, it must comply with requirements at MSA section 
303(b)(2)(C),14 which include establishing a timetable for review of the closed 
area’s performance. This review should be conducted in consultation with the 
DSCRTP. Given the additional requirements and process, a Council may want to 
consider whether targeted gear restrictions, as opposed to a full fishing closure, 
would provide sufficient protection. 

2. Restrictions on fishing by specified types of vessels or vessels with specified 
types and quantities of gear. These could include, for example, limits on the use 
of specified fishing-related equipment, required equipment modifications to 
minimize interactions with deep-sea coral communities, prohibitions on the use of 
explosives and chemicals, prohibitions on anchoring or setting equipment, and 
prohibitions on fishing activities that cause damage to deep-sea corals. 

3. Proactive protection by freezing the footprint of current fishing activities of 
specified types of vessels or vessels with specified types and quantities of gear to 
protect known or expected locations of deep-sea corals. 

4. Limits on the harvest or bycatch of species of deep-sea coral that provide 
structural habitat for other species, assemblages, or communities. 

 
As noted in the 2014 Office of Habitat Conservation guidance and the NOAA Strategic 
Plan for Deep-Sea Coral and Sponge Ecosystems, other sections of the MSA may also 
apply to the protection of deep-sea corals and associated ecosystems: 
 

 MSA section 303(a)(7) requires that an FMP describe and identify EFH for the 
fishery, minimize to the extent practicable adverse effects caused by fishing, and 
identify other actions to encourage the conservation and enhancement of the EFH. 
Federal action agencies must consult with NOAA on activities that may adversely 
affect EFH, and NOAA provides non-binding conservation recommendations to 
the agencies through that process. If a deep-sea coral area is EFH (e.g., essential 
for spawning, breeding, feeding or growth to maturity of fish managed under an 
FMP), then it must be identified as such and the above requirements apply. 

 Section 301(a)(9) requires Councils to include conservation and management 
measures that, to the extent practicable, minimize bycatch. 

 Section 303(b)(12), authorizes Councils to include management measures in 
FMPs to conserve target and non-target species and habitats. 

3.4 Amendment development process 
The coral protection zones included in this amendment were initially developed during 
2010 and 2011 as part of the Council’s Omnibus Essential Fish Habitat Amendment 2 
(OHA2). The Council approved a specific range of alternatives for analysis in April 
2012. In September 2012, the Council split the coral protection zones areas and 
associated management measures out of OHA2 into a separate omnibus amendment. The 
the canyon and seamout Habitat Area of Particular Concern designations, which do not 
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restrict fishing activities but rather serve as a focus for future management efforts as well 
as EFH consultations, were retained within OHA2. The OHA2 HAPC designations and 
the coral zones in this action have overlapping but not identical locations and boundaries. 
The Council took final action on OHA2 in June 2015, including approval of the canyon 
and seamount HAPCs. OHA2 and its associated Environmental Impact Statement are 
currently undergoing final development and review, with implementation expected in 
early 2017. 
 
Because Mid-Atlantic and New England-managed fisheries overlap spatially along the 
shelf break, the two Councils have been coordinating their coral management efforts for 
years through technical work groups (NEFMC Habitat PDT, MAFMC Coral FMAT) and 
via the NEFMC Habitat Committee, which includes MAFMC representatives. In June 
2013, the New England, Mid-Atlantic, and South Atlantic Fishery Management Councils 
formalized this coordination via a memorandum of understanding 
(http://s3.amazonaws.com/nefmc.org/June-2013-Final-DSC-MOU.pdf). Specifically, the 
purposes of this Memorandum of Understanding (MOU) are:  
 

1. To establish a framework for coordination and cooperation toward the protection 
of deep sea coral ecosystems; and  

2. To clarify and explain each Council’s role and geographic areas of authority and 
responsibility with regard to deep-sea coral management. 

 
Under the MOU, each Council develops measures within their respective area of 
jurisdiction. Inter-council boundaries identifying areas of jurisdiction are specified at 50 
CFR §600.105. The boundary between the Mid-Atlantic and New England regions runs 
diagonally across the shelf from the CT/RI/NY intersection point across Alvin Canyon to 
the EEZ. Thus, one important outcome of the MOU is that Mid-Atlantic region 
alternatives initially developed in 2010 are no longer included in the NEFMC coral 
amendment. Prior to and since signing the MOU, the New England and Mid-Atlantic 
Councils in particular have been sharing technical information and monitoring policy 
approaches discussed by the other Council to improve consistency in the policies 
proposed as well as in the use of scientific information. 
 
In addition, the MOU includes a commitment to develop consistent management 
approaches when possible, and to engage potentially affected stakeholders regardless of 
which Council manages their fishery. The Mid-Atlantic Council took final action on their 
coral amendment, which is Amendment 16 to the Mackerel, Squid, and Butterfish FMP, 
in June 2015. Many of the coral zones selected by MAFMC were initially developed by 
NEFMC, although the boundaries were subsequently refined by MAFMC using new 
sources of data and stakeholder feedback, and some additional areas were added. The 
management measures (e.g. gear restrictions) selected by MAFMC generally fall within 
the range initially developed by NEFMC and approved for analysis in 2012. While final 
NMFS approval and rulemaking is pending, the preferred MAFMC approach is described 
below to facilitate continuity in management approaches. 
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 MAFMC selected discrete zones in various individual canyons or canyon 
complexes, specifically Block, Ryan/McMaster, Emery/Uchupi, Jones/Babylon, 
Mey-Lindenkohl Slope, Spencer, Wilmington, N. Heyes/S. Wilmington, S. Vries, 
Baltimore, Warr/Phoenix, Accomac/Leonard, Washington, and Norfolk. 

o The Council adopted boundaries developed during a workshop held during 
April 2015. The workshop included input from industry members, 
conservation organizations, and scientists, and participants reviewed 
updated bathymetric data, habitat suitability model outputs, and the 
locations of direct coral observations prior to and during the meeting. 

 MAFMC selected a broad zone with a landward boundary between 400-500 
meters extending to the EEZ. 

o The landward boundary line is comprised of straight segments, with the 
following constraints: minimum depth of 400 m, maximum depth of 500 
m, and consistency with discrete boundaries where possible. 

o The north/south extent encompasses the entire MAFMC area of 
jurisdiction.  

 For both broad and discrete zones, MAFMC’s amendment prohibits all bottom 
tending-gear, with an exemption for the red crab fishery. Prohibition would not 
apply to the American lobster fishery managed by ASMFC. Transit would be 
allowed subject to gear stowage requirements. 

 Frameworkable measures would include: 
o Boundaries of coral zones, 
o Management measures within zones, including fishing restrictions, 

exemptions, monitoring, and anchoring, 
o New discrete coral zones, and 
o Special access programs. 

 Finally, MAFMC’s amendment implements a VMS requirement for all Illex squid 
moratorium vessels, whether they are fishing within or outside of coral zones. 
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4 Management alternatives 
This section describes management measures to conserve deep-sea corals within the New 
England region. Two conceptual approaches are proposed for the development of coral 
zones. Both would rely on the discretionary coral protection authority provided in the 
2007 MSA reauthorization. 
 
The ‘discrete areas’ approach would designate more narrowly defined coral zones based 
on discrete bathymetric/geological features and groupings of corals. These zones include 
specific locations in the Gulf of Maine, single canyons, and individual seamounts. The 
boundaries of the discrete coral zones are based on direct observations of corals and other 
animals, plus inferences about the likely spatial extent of coral habitats, based on terrain 
data or habitat suitability models. The discrete coral zones were developed to encompass 
species that attach to hard substrates, and are relatively large or have other attributes that 
make them more susceptible to fishing-related impact. While there is abundant soft 
substrate in the deep ocean, hard substrate areas are much more limited in their 
distribution. Becauase hard substrate areas tend to be patchy in their spatial distribution, 
some soft sediment areas and associated fauna would be included within the discrete zone 
boundaries, incidental to the primary conservation target. 
 
The ‘broad areas’ approach would designate a coral zone along the entire shelf-slope 
region between the US/Canada EEZ boundary and the New England/Mid-Atlantic 
Council boundary. Broad zones are generally intended to cover areas beyond the 
distribution of currently occurring fishing effort, and represent a precautionary approach 
to management that would prevent the expansion of fishing into additional deep-water 
habitats. They would encompass coral habitats in the canyons, on the continental slope 
and on the seamounts. The broad areas do not overlap the coral zones in the Gulf of 
Maine. 
 
The broad zone alternatives, in addition to encompassing the canyon and seamounts 
themselves, include additional areas of low-relief mud habitats that harbor other species 
of corals, including sea pens. Specifically, the white sea pen, Stylatula elegans, and the 
common sea pen, Pennatula aculeata possibly have lower susceptibility to fishing 
disturbance, and are more widely distributed than other types of corals. Other corals fall 
into the category of lower susceptibility – specifically, the hard coral Dasmosmilia 
lymani. This species was noted as being relatively common, including in shallower 
depths, is small in size, and is possibly less susceptible to fishing gear impacts. Some 
larger species such as the bamboo coral Acanella arbuscula are also associated with these 
soft substrates. 
 
Management options for restricting or modifying fishing operations within the deep-sea 
coral zones include restrictions on mobile bottom-tending gears, restrictions on bottom-
tending gears, and authorized exemptions to these restrictions. Different restrictions may 
be appropriate in broad vs. discrete zones, or among the various discrete zones. 
 
Note that broad areas and discrete areas could be implemented simultaneously. While the 
individual discrete zones do not overlap one another, the canyon and seamount zones 
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overlap the broad coral zone alternatives. Generally, the landward boundary of the 
discrete canyon zones is slightly shallower than the landward boundary of the shallowest 
broad zone, so combining the discrete zones with one of the broad zones would protect 
additional coral habitats in the heads of the canyons. A combination approach might also 
be appropriate if different management measures are desired in the discrete vs. broad 
areas. 
 
In order to to increase flexibility and allow for incorporation of new scientific 
information, there is an alternative that would allow new coral zones, or new fishing 
restrictions in designated coral zones, to be implemented via framework action. 

4.1 No Action 
Currently there are no coral zones designated by the Council under the discretionary 
authority. However, a few regulations currently in place offer some level of protection to 
deep-sea corals in the region.  Both were developed via the MSA EFH authority, not 
using the discretionary provisions. 
 

 Monkfish FMP (Joint New England and Mid-Atlantic Councils): prohibitions 
on fishing during a monkfish DAS in Lydonia and Oceanographer Canyons. The 
management areas and associated restrictions were implemented via Amendment 
2. These same areas were adopted as mackerel, squid, and butterfish bottom 
trawling restricted areas. 

 Tilefish FMP (Mid-Atlantic Council): mobile bottom-tending gear restrictions 
(Gear Restricted Areas, or GRAs) in Lydonia, Oceanographer, and Veatch 
Canyons. There is also a GRA in Norfolk Canyon but this is within the Mid-
Atlantic region. The GRAs were implemented via Amendment 1. Note that the 
Tilefish GRAs are located towards the heads of the canyons, with the boundaries 
based on those of the Tilefish Habitat Areas of Particular Concern (HAPC).  The 
HAPCs were designed to protect clay outcrop habitats in waters between 100 and 
300 meters, although they cover deeper water areas along the axis of the canyons 
as well. 

4.2 Broad deep-sea coral zone designations 
These alternatives would designate a broad shelf-slope area as a deep-sea coral zone. This 
type of coral zone would extend from the boundary of the EEZ along the southern flank 
of Georges Bank to the New England/Mid-Atlantic Council boundary line. The landward 
boundary would approximate the 300 m, 400 m, or 500 m contour with straight line 
segments connecting waypoints with specific latitude/longitude coordinates, and the 
seaward boundary would be the EEZ. The Alternatives in this section are mutually 
exclusive, i.e., only one could be selected. Map 1 shows the full spatial extent of all three 
broad zone alternatives. Map 2 shows what these boundaries look like in the head of 
Oceanographer Canyon. Given the shape of the contours along the edge of the shelf, the 
300 m zone is a somewhat smoother boundary, with the 400 m and 500 m zones being 
increasingly complex. The broad zones align generally with the discrete zones at the 
heads of the canyons, with some of the discrete canyon zone boundaries approximating 
the 300 m zone, and others approximating the 400 m zone (Map 3). 
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Rationale: The overall objective of this type of measure would be to prevent the 
expansion of fishing effort into deepwater coral areas, while not restricting current 
fishing operations.  
 
Table 2 – Size and depth of broad coral zones 

Area name  Area size, km2 Minimum depth, m Maximum depth, m

300 m broad zone  75,605 300 6000 m (approximate)

400 m broad zone  74,769 400 6000 m (approximate)

500 m broad zone  74,100 500 6000 m (approximate)

4.2.1 Landward boundary approximating the 300 m contour 

This alternative would designate a broad coral zone from the US-CAN EEZ boundary to 
the boundary between the New England and Mid-Atlantic Council regions, with the 
landward boundary based on the 300 m contour and the seaward boundary at the EEZ. 

4.2.2 Landward boundary approximating the 400 m contour 

This alternative would designate a broad coral zone from the US-CAN EEZ boundary to 
the boundary between the New England and Mid-Atlantic Council regions, with the 
landward boundary at the 400 m contour and the seaward boundary at the EEZ. 

4.2.3  Landward boundary approximating the 500 m contour 

This option would designate a broad coral zone from the US-CAN EEZ boundary to the 
boundary between the New England and Mid-Atlantic Council regions, with the 
landward boundary at the 500 m contour and the seaward boundary at the EEZ. 
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Map 1 – Broad coral protection zones based on 300, 400, and 500 meter contours.  
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Map 2 – Broad zones alternatives at the head of Oceanographer Canyon. Because the areas are so 
steeply sloping, the contours are often only 1-2 km apart between the canyons, and even more closely 
spaced within the canyons. The deeper 500m boundary is necessarily more complex (more segments 
and waypoints) than the shallower boundaries. 
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Map 3 – Broad zone boundaries with discrete coral zones. Compare Heel Tapper, Oceanographer, 
and Gilbert, which follow the 300m zone, with Filebottom and Chebacco, which follow the 400m 
zone. 

 
 

4.3 Discrete deep-sea coral zone designations 
Discrete deep-sea coral zones overlap individual canyons, seamounts, or other features. 
These discrete coral zones are intended to encompass known aggregations of corals as 
well as steeply sloping habitats likely to have exposed rock outcroppings that provide 
suitable attachment sites for corals. Because the discrete zones do not overlap one other, 
any combination of areas could be selected. 
 
The following sources of data were used to develop a list of recommended deep-sea coral 
zones, and to generate boundaries for those zones. Available data are similar for the 
different types of zones (canyon, seamount, Gulf of Maine), with variations as noted 
below. The major data types include information on the presence, abundance, and 
locations of various types of corals, terrain data such as depth and slope, and model 
outputs that predict areas where suitable habitats for various coral types are likely to 
occur. It is important to note the linkages between these data sets, which were generally 
collected or developed in an integrated, iterative fashion, rather than in an independent or 
stepwise manner. For example, historical coral distribution records combined with terrain 
and other environmental data were used in the habitat suitability model, and model 
outputs were in turn used to direct recent field sampling for coral habitats. Interest in 
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coral habitats based on historical data helped drive collection of high resolution 
bathymetric data, which in turn informed selection of recent dive sites. 
 
Deep-sea coral observations 
 
Deep-sea coral observations from (1) an historical database and (2) recently conducted 
remotely operated vehicle (ROV) dives, autonomous underwater vehicle (AUV) dives, 
and camera tows were used as a starting point to identify areas of conservation interest. 
 
The historical database includes coral distribution records prior to 2012. The PDT relied 
on the Cold-Water Coral Geographic Database (CoWCoG) developed by the US 
Geological Survey and NOAA’s Deep-Sea Coral Research and Technology Program 
(DSCRTP). A team at USGS compiled the first version of this database, and additional 
records were sourced and added by the staff at NOAA’s DSCRTP with the assistance of 
the Northeast Fishery Science Center staff and others. The major coral data sets covered 
by this database are summarized in Table 3. These data sets constitute the bulk of the 
records in CoWCoG. In general, records vary in age from the 1850s through present, 
although most of the data were collected since the late 1970s. There is some degree of 
positional uncertainty with the older records.  
 
Generally, the historical data indicates presence of corals only, and does not give absence 
or abundance information. Further, unlike NOAA’s fish-focused trawl surveys, the 
various coral surveys tend to be of limited spatial extent, and the regional coverage of 
coral-related investigations is rather patchy. Although recent dives, which will be 
described below, cover many additional areas, and are a much more comprehensive 
inventory of coral habitats, this statement about limited spatial coverage is still true to a 
certain extent. Many locations remain lightly sampled, and have not been visited 
repeatedly over time as is the case with continental shelf trawl or dredge surveys. 
 
Table 3 – Deep-sea coral data sources for the Northeast Region   
Data set  Citation 

Deichmann, 
1936 

Deichmann, Elisabeth, 1936, The Alcyonaria of the western part of the Atlantic Ocean:
Memoirs of the Museum of Comparative Zoology at Harvard College, v. 53, 317 p. 

Hecker et al., 
1980, 1983 

One of the primary data sources describing the deep coral fauna of the northeastern 
U.S. are these reports, which were prepared for Minerals Management Service in the 
early 1980s.  Several canyons and slope areas were surveyed via submersible and 
towed camera sled.   
 
Hecker, B., Blechschmidt, G., and Gibson, P. 1980. Epifaunal zonation and community 
structure in three mid‐ and north Atlantic canyons—final report for the canyon 
assessment study in the mid‐ and north Atlantic areas of the U.S. outer continental 
shelf: U.S. Department of the Interior, Bureau of Land Management Monograph, 139 
p.   
 
Hecker, B., et al. 1983.  Final Report – Canyon and Slope Processes Study.  Prepared 
for U.S. Department of the Interior, Minerals Management Service.  Contains three 
volumes: Vol. I, Executive Summary; Vol. II, Physical Processes; and Vol. III, Biological 
Processes.   

NEFSC HUDMAP  Records from 2001, 2002, and 2004 video samples taken near the head of Hudson 
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Data set  Citation 

Canyon between 100‐200 m depth.  Corals sampled include the sea pen Stylatula 
elegans and the stony coral Dasmosmilia lymani. 

NEFSC Sea Pens  Records of sea pens compiled from various sources, including submersible surveys, 
trawl surveys, and towed camera surveys.  Data collected between 1956 and 1984. 

NES CR Dives  These data summarize dives locations of samples collected during NOAA Ocean 
Explorer "Mountains in the Sea" cruises to the New England seamounts during 2003 
and 2004. 

Smithsonian 
National 
Museum of 
Natural History 

Records off all coral types from various research vessel surveys conducted from 1873 
through present.  Surveys conducted in GOM as well as along shelf/slope break on 
Georges Bank and in Mid‐Atlantic Bight. 

Theroux and 
Wigley 

Theroux, Roger B. and Wigley, Roland L., 1998, Quantitative composition and 
distribution of the macrobenthic invertebrate fauna of the continental shelf 
ecosystems of the northeastern United States. NOAA Technical Report NMFS 140: 
240. 

US Fish 
Commission 

Records for Dasmosmilia lymani off NJ/VA; collected in the 1880s 

VIMS for 
BLM/MMS 

Mostly Dasmosmilia lymani records; fewer records of Stylatula elegans; records from 
mid‐late 1970s; collected for Minerals Management Service by Virginia Institute of 
Marine Science 

Watling et al, 
2003 

Watling, L., Auster, P.J., Babb, I., Skinder, C., and Hecker, B., 2003, A geographic 
database of deepwater alcyonaceans of the northeastern U.S. continental shelf and 
slope:  Groton, National Undersea Research Center, University of Connecticut, Version 
1.0 CD‐ROM. 

Yale University 
Peabody 
Museum 
Collection 

Yale University Peabody Museum Collection, Yale Invertebrate Zoology—Online 
Catalog: accessed July 2007 at http://peabody.research.yale.edu/COLLECTIONS/iz/ 

 
Recent survey work includes towed camera, remotely operated vehicle (ROV), and 
autonomous underwater vehicle (AUV) dives conducted from 2012 to 2015 (Table 4). 
Different survey gears have distinct capabilities and advantages (Kilgour et al 2012). For 
example, AUVs have fewer support vessel needs as compared to ROVs, may be easier to 
deploy and retrieve, and can be used to survey a larger area more quickly. While ROVs, 
towed camera sleds, and manned submersibles require additional vessel support and 
move more slowly than AUVs, they can be used to study areas at a very fine spatial scale 
and collect physical samples. With the exception of the 2012 cruise on Physalia 
Seamount, which used AUV technology, all of the recent cruises used either towed 
camera systems or ROVs. Because so much data is gathered during each dive, detailed 
analyses of many of these dives are still in progress, but high level classifications of 
geological and biological habitats are presently available2 to inform management 
decisions. As noted in the introduction to this section, dive locations were often selected 
by identifying topographic features of interest on maps generated from high-resolution 
multibeam bathymetric maps or side-scan sonar data. 
 
                                                 
 
2 Initial analysis of cruise HB1402 (R/V Bigelow, ROPOS system) is still in progress. 
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Table 4 – Recent deep-sea coral oriented cruises within the New England region 
Year  Cruise 

Dates 
Cruise 
Number 

Research 
Vessel 

Gear Number 
of tows3 

Locations 

2012  5‐6 Oct      REMUS 
6000 
AUV 

2 Physalia Seamount 

2012  7‐17 Jul  HB1204  Bigelow TowCa
m 

11 Veatch Canyon (3), Gilbert Canyon
(8) 

2013  11‐24 Jul  ISIS2_2013  Connecticut ISIS2 40 Western Jordan Basin (18), Blue Hill 
Bay (3), Monhegan (5), Schoodic 
Ridges (9), Sommes Sound (4), test 
tow of tethering system 

2013  9‐23 Jun  HB1302  Bigelow TowCa
m 

16 Powell Canyon (6), Munson Canyon 
(7), minor Canyon between Powell 
and Munson (2), Munson‐Powell 
intercanyon area (1) 

2013  8‐25 Jul  EX1304L1  Okeanos D2 12 Alvin Canyon (2), Atlantis Canyon 
(2), Hydrographer Canyon (2), NE 
Seep2 (1), NE Seep3 (1), USGS 
Hazard 2 (1), USGS Hazard 4 (1), NE 
Seep (1), Veatch Seeps (1) 

2013  31 Jul‐16 
Aug 

EX1304L2  Okeanos D2 14 Heezen Canyon (2), Lydonia Canyon 
(1), Lydonia‐Powell intercanyon area 
(1), Mytilus Seamount (2), Nygren 
Canyon (2), Nygren‐Heezen 
intercanyon (1), Oceanographer 
Canyon (2), Minor canyon next to 
Shallop Canyon (1),  Welker Canyon  
(1), USGS Hazard 5 (1) 

2014  23 Jul‐6 
Aug 

K2_2014  Connecticut Kraken
2 

21 Outer Schoodic Ridge (8), western 
and central Jordan Basin (11), 
Stellwagen Bank (1), Wilkinson Basin 
(1) 

2014  18 Jun‐1 
Jul 

HB1402  Bigelow ROPOS 7 Nygren Canyon (2), Heezen Canyon 
(3), minor Canyon btw Nygren and 
Heezen (1), Jordan Basin (1) 

2014  23 Sep‐6 
Oct 

EX1404L3  Okeanos D2 4 Nantucket Canyon (1), Physalia 
Seamount (1), Retriever Seamount 
(1), unnamed canyon east of Veatch 
(1) 

2015  1‐10 Jul  ISIS2_2015  Connecticut ISIS2 26 Outer Schoodic Ridge (4), Mount 
Desert Rock (4), Georges Basin and 
Lindenkohl Knoll (9), West Wilkinson 
Basin (5), Stellwagen Bank (1), 
Chandler Bay (3) 

2015  27 Jul‐7  HB1504  Bigelow TowCa 23 Dogbody Canyon  (3), Chebacco 

                                                 
 
3 Number of tows = number of tows in New England locations only; some cruises included tows in the 
Mid-Atlantic region or in Canadian waters 
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Year  Cruise 
Dates 

Cruise 
Number 

Research 
Vessel 

Gear Number 
of tows3 

Locations 

Aug  m Canyon  (5 – dives 4 and 5 
repeated), Heel Tapper (3), 
Filebottom Canyon (4 – dive 8 
repeated), Sharpshooter Canyon (2), 
Welker Canyon (4 – dive 15 
repeated), Clipper Canyon (2) 

 
Terrain data (bathymetry and slope) 
 
Bathymetry and slope are key data sets for describing seafloor terrain and identifying 
areas that may contain deep-sea corals, as many taxa have been found in higher 
abundances attached to vertical rock walls and other steep terrain. Bathymetry data sets 
are also referred to as digital elevation models, or DEMs. These bathymetric datasets 
were used to identify area boundaries, and also to calculate minimum, maximum, and 
mean depths of candidate management areas. 
 

 The primary source of bathymetry data for the canyons comes from a series of 
Atlantic Canyons Undersea Mapping Expeditions (ACUMEN) on NOAA’s 
research vessels Hassler, Bigelow, and Okeanos Explorer. These mapping 
expeditions took place from February 2012 through August 2012. Data were 
collected at 25m resolution.  

 For the deepest portions of the canyons, the abyssal plain, and the seamounts, 100 
meter resolution multibeam bathymetry data are available. These data were 
collected as part of a NOAA-initiated collaboration to fill data gaps identified 
during an inventory of data holdings to support potential claims under the United 
Nations Convention on the Law of the Sea (UNCLOS). Data are available for 
download from the University of New Hampshire Center for Coastal and Ocean 
Mapping Joint Hydrographic Center (http://ccom.unh.edu/theme/law-sea/law-of-
the-sea-data/atlantic).  

 In the Gulf of Maine, a 10 meter resolution multibeam bathymetric dataset was 
used for Outer Schoodic Ridge, a 20 meter resolution multibeam bathymetric 
dataset was used in Western Jordan Basin, and a 1/3 arc-second (approximately 
10 m) bathymetric data set was used in the Mount Desert Rock area and 
surrounds. The Outer Schoodic Ridge and Western Jordan Basin data were 
collected during a fall 2013 ECOMON cruise aboard the Okeanos Explorer 
(Auster et al. 2014). The Bar Harbor DEM (Mount Desert Rock) is described in a 
2011 report by Friday et al.  

 Lower resolution 250 meter bathymetry from The Nature Conservancy’s 
Northwest Atlantic Marine Ecoregional Assessment, which is largely based on the 
Coastal Relief Model, is available in other areas where higher resolution data do 
not exist.  

 
Maps in this document show hillshaded bathymetry, which allows for the share of the 
seafloor to be visualized more easily. Hillshaded surfaces are generated using Geographic 
Information System (GIS) software, by simulating what the terrain would look like if a 
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light was shone over the surface from a specific angle and elevation. Values of 315 and 
35 degrees with a vertical exaggeration of 3x were used for the maps in this document.  
 
Slope is a measure of the rate of change in bathymetry, and slope surfaces can be derived 
directly from any digital elevation model. In the canyons (ACUMEN data), high slope 
areas (greater than 30 degrees) were highly likely to contain deep-sea corals during recent 
ROV and towed camera surveys, and areas with slopes above 36 degrees nearly always 
contained corals. Slope surfaces were also generated for other digital elevation models 
and high slope areas are highlighted on the maps of each discrete coral zone. The canyons 
generally contain larger areas of very high slope as compared to the seamounts or Gulf of 
Maine areas. For areas where very steep terrain is less prevalent, including the seamounts 
and the Gulf of Maine areas, slopes greater than 10 or 20 degrees are mapped instead of 
slopes above 30 degrees. 
 
When interpreting bathymetric data, it is important to recognize the potential for artefacts 
in the data, which appear as a sudden change in depth. These artefacts can occur at 
seams, where data collected at different times are joined together to form a single 
coverage. These visible seams are due to small differences in instrument calibration. 
These abrupt jumps in bathymetry values can cause false slopes at the seams, which are 
not reflective of features on the seafloor. Though less probable and less severe, such 
artefacts can also occur at the boundaries between multibeam swaths collected at 
different times with the same ship and instrument, especially when data are collected 
across years. Caution is also needed at the edges of multibeam coverage and in the 
vicinity of holidays (pixels without valid data), where fewer bottom contacts are averaged 
and higher statistical noise may be present. These are all common and well-known 
features of multibeam echosounder data. It is widely accepted that expert interpretation is 
required to avoid considering such areas as true bottom features, and such expert 
guidance is standard practice in the hydrographic field. Where such artefacts are present 
in the maps presented below, they are noted on the maps in the text. 
 
Habitat suitability model 
 
As noted above, direct observations of corals are only available for a small portion of 
each area, thus requiring inference about the spatial extent of suitable coral habitats in 
various locations. A habitat suitability model (Kinlan et al., in review) was developed for 
the northeast region that predicts areas of lower and higher suitability for various types of 
corals. The spatial domain of the model includes the continental shelf and canyons in 
New England and the Mid-Atlantic, but not the seamounts, as it is based on the footprint 
of the coastal relief DEM which does not include the seamounts. In the canyons, habitat 
suitability model outputs were used in conjunction with terrain data to define boundaries 
around areas with a high or very high likelihood of habitats suitable for deep-sea corals. 
Data are available from NOAA NOS.4  

                                                 
 
4 Kinlan BP, Poti M, Drohan A, Packer DB, Nizinski M, Dorfman D, Caldow C. 2013. Digital data: 
Predictive models of deep-sea coral habitat suitability in the U.S. Northeast Atlantic and Mid-Atlantic 
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The historical distribution of deep sea corals in the Northeast is the dependent variable in 
the model. Twenty-two environmental predictor variables were used to estimate areas of 
suitable deep-sea coral habitat. Notable predictor variables includes depth, slope, slope of 
slope, and surficial sediment grain size. The modeling takes a maximum entropy 
(MaxEnt) approach, which is appropriate when absence information is not available, as is 
the case with the coral data. The model output is based on the relationships between 
historical coral distributions for each taxonomic grouping and the twenty-two 
environmental predictor variables. The model outputs are likelihoods of suitable habitat 
occurrence for different types of corals, including stony corals, soft corals, and sea pens. 
The outputs are not intended to reflect predicted abundance, density, or diversity of 
corals. 
 
Habitat suitability outputs for different types of corals were thresholded to allow for 
comparison between coral types. The reason for this procedure is that MaxEnt logistic 
values cannot be directly compared from one model (i.e. one coral group) to another. The 
thresholded logistic outputs were generated through a cross-validation/tuning process in 
which logistic predictions were confronted with coral presence data that had been left out 
of model fitting (i.e., test data). At each cross-validation iteration, these test data were 
used to find the optimal threshold to discriminate between presence points and 
background. The optimal threshold depends on the relative cost of false positive errors 
vs. false negative errors. For example, if false positives are deemed ten times more costly 
than false negatives (a 10:1 FP:FN cost ratio), then the optimal threshold will be larger 
(more conservative), and result in a smaller area of only very high likelihood suitable 
habitat being identified. If false positives and false negatives are given equal weight, a 
much broader and less conservative area of suitable habitat will be identified. Likelihood 
classes were defined by FP:FN cost ratios as follows: Low (<1:1), Medium-Low (1:1 to 
2:1), Medium (2:1 to 5:1), High (5:1 to 10:1), and Very High (>10:1). The results of the 
cross-validation "tuning" process area likelihood classes that mean the same thing (in 
terms of likelihood of correct habitat classification) for all modeled coral groups. This 
allowed the model developers to merge together results from three separate soft coral 
(Alcyonacean) models: Alcyonacea, Gorgonian Alcyonacea, and Non-gorgonian 
Alcyonacea.  
 
The combined high and very high suitability areas for the Gorgonian Alcyonacea and 
non-gorgonian Alcyonacea were used to develop the canyon zones. Although models 
were developed for sea pens and stony corals, the results are not presented here. The 
Alcyonacea model is expected to have the best predictive ability for structure-forming 
deep sea corals, as it is based on a sizeable number of data points from known structure-

                                                                                                                                                 
 
regions. Downloadable digital data package. Department of Commerce (DOC), National Oceanic and 
Atmospheric Administration (NOAA), National Ocean Service (NOS), National Centers for Coastal Ocean 
Science (NCCOS), Center for Coastal Monitoring and Assessment (CCMA), Biogeography Branch and 
NOAA National Marine Fisheries Service (NMFS), Northeast Fisheries Science Center (NEFSC). Released 
August 2013. 
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forming species. While numerous sea pens are documented in the historical database, 
these animals are solitary and are not considered structure-forming. Compared to sea 
pens, fewer stony coral records are present in the historical database, and many of these 
records represent species that are not considered structure-forming. Black corals were not 
included in the modeling study due to insufficient data on their distribution when the 
study commenced. However, the recent ROV and towed camera dives have documented 
black corals in many of the canyons, as well as a variety of structure-forming stony 
corals.  

4.3.1 Canyon coral zones 

Coral zones are recommended within twenty submarine canyons off the southern 
boundary of Georges Bank. From west to east, these canyons include Alvin, Atlantis, 
Nantucket, Veatch, Hydrographer, Dogbody, Clipper, Sharpshooter, Welker, Heel 
Tapper, Oceanographer, Filebottom, Chebacco, Gilbert, Lydonia, Powell, Munson, 
Nygren, an unnamed canyon, and Heezen. All of these areas have recent ROV or towed 
camera dives indicating the presence of coral habitats. Some areas have historical records 
as well. 
 
Boundaries of these zones are based on the most up to date information on coral 
observations, high resolution terrain data, and habitat suitability model results. Coral zone 
boundaries are primarily based on bathymetry and slope, and were designed to 
encompass the full extent of the canyon feature from the shelf break to the point where 
the slope begins to flatten out at the edge of the abyssal plain. The 3° slope contour was 
used to identify the shelf break in previous PDT coral analyses, and this convention is 
adopted here as well. The 3° slope contour is typically lies somewhere between 200 and 
300 meters depth off of New England. Because the shallow edge of the high resolution 
ACUMEN bathymetry dataset overlaps these contours, this data set was not suitable for 
defining a 3° slope contour. Therefore, the slope contour was developed using the TNC 
NAMERA DEM. This slope contour roughly approximates the landward coral zone 
boundary in the shelf incising canyons, and in some of the slope confined canyons as 
well. The landward boundary of other slope confined canyons begins slightly deeper, 
which is consistent with the slope and habitat suitability model outputs (more on this 
below). 
 
Areas of the canyons with high slope (greater than 30°) have been shown to have corals 
most of the time during recent ROV and towed camera surveys, and corals have been 
found in areas with very high slope (greater than 36°) during all recent dives. Thus, these 
high and very high slope areas, which are derived from the ACUMEN bathymetry, were 
a useful guide for defining the width of the canyon zones (west to east dimension), as 
well as the seaward boundaries of the zones. 
 
The high and very high habitat suitability outputs for gorgonian Alcyonacea, and non-
gorgonian Alcyonacea were also considered when developing canyon zone boundaries. 
These high and very high suitability model outputs often align well with the high and 
very high slope areas described above. Similar to the slope outputs, the model results 
were used to help define the width of the canyon zones, and well as their landward and 
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seaward extents. A buffer of 0.4 nautical miles around the high suitability outputs was 
generated to roughly reflect the degree of spatial uncertainty in the model results. As 
appropriate, the zones include these buffer areas as well. The PDT prioritized the high 
resolution bathymetry and slope data over the model outputs when developing boundaries 
because these high resolution data are best for accurately bounding the spatial extent of 
the canyon features. The suitability outputs are a useful guide, but are based on a lower 
resolution data set. This diverges slightly from the approach used by the MAFMC. In 
their coral amendment, the FMAT included high and very high habitat suitability areas, 
plus the buffer, in their initial canyon zone boundary recommendations, but these areas 
were ultimately scaled back in the heads of the canyons by the time the boundary 
development process had concluded after their coral workshop. More tightly focused 
boundaries at this initial stage will hopefully result in the need for fewer changes as these 
areas make their way through the Council process. 
 
Finally, the locations of historic and recent coral observations are noted within each of 
the canyon zones. In general these observations fall solidly within zones developed using 
bathymetry, slope, and suitability model results, so while they are confirmatory of the 
presence of coral habitats in a canyon zone, they are not really a driving factor behind the 
zone boundaries. Some specific historical observations and all of the recent dives are 
discussed in the text. 
 
The rationale for each discrete zone designation is described in more detail below, and is 
accompanied by two maps. Maps for each canyon shows a draft set of boundaries and the 
underlying coral distribution, bathymetry, slope, and habitat suitability data layers. Two 
sets of maps were prepared for this document, one with the habitat suitability layers, and 
one without, because the maps without habitat suitability more clearly show the shapes of 
the canyons. Each write up includes the approximate area in square kilometers of each 
proposed zone.  
 
The legend below (Figure 1) applies to each of the canyon zone maps that follow. It 
shows locations of recent ROV and towed camera dives (green triangles, with green line 
tow paths) and coral locations in the historical database (green circles). Coral orders 
represented in the historical database include stony corals (order Scleractinia); sea pens 
(order Pennatulacea); soft corals (order Alcyonacea); and black corals (order 
Antipatharia). Overlaps between each discrete zone and the historical data are 
summarized in Table 6. These data should be viewed as indicators of both coral presence 
and survey effort. An absence of historical records for a particular area is more likely to 
reflect an absence of scientific surveys than it is to reflect an absence of corals. 
 
The maps also depict depth, hillshaded relief (red to blue shading) and contour lines 
(purple) from the ACUMEN data. Note that the 200m contour is rather incomplete in the 
ACUMEN data and is not often depicted fully on the maps. The 3° slope contour (red 
dotted line) is shown on each map as well. Areas of high slope (> 30°) and very high 
slope (> 36°) are identified in dark grey and black. The hillshaded relief indicates the 
shapes of the canyon and helps to indicate the path of the thalweg, or main axis of the 
canyon. Seams in the bathymetry data and resulting slope artefacts are noted in the text 
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and on the maps. Depth statistics for each canyon zone including the minimum, 
maximum, mean, and median depths, in meters, are described in the text and summarized 
in Table 5. These values will of course change if the zone boundaries are edited. A 
particular minimum does not indicate that a large fraction of the zone by area falls at that 
depth. However, what can be taken from the minimum depth information is that the 
various canyons that incise the shelf tend to have shallower minimum depths than those 
canyons which are slope confined.  
 
Finally, one of the maps for each area depicts the high and very high habitat suitability 
areas (grey shading), including a 0.4 nm buffer (white shading). These layers are semi-
transparent so that the underlying bathymetry data can be seen through them. 
 
Figure 1 – Legend for canyon area maps 
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Table 5 – Depth statistics for proposed canyon zones 
Canyon name  Area (km2) Minimum depth

(meters) 
Maximum depth 

(meters) 
Mean depth

(meters) 

Alvin  208 ‐298 ‐2,002  ‐1,008

Atlantis  218 ‐280 ‐2,052  ‐947

Nantucket  176 ‐281 ‐1,956  ‐970

Veatch  128 ‐150 ‐1,821  ‐888

Hydrographer  212 ‐119 ‐1,989  ‐960

Dogbody  150 ‐234 ‐1,897  ‐1,012

Clipper  65 ‐363 ‐1,838  ‐994

Sharpshooter  47 ‐348 ‐1,994  ‐1,031

Welker  144 ‐265 ‐2,094  ‐922

Heel Tapper  105 ‐271 ‐1,792  ‐969

Oceanographer  235 ‐259 ‐2,068  ‐991

Filebottom  56 ‐371 ‐1,995  ‐1,297

Chebacco  84 ‐340 ‐1,963  ‐1,141

Gilbert  163 ‐256 ‐2,143  ‐1,041

Lydonia  223 ‐143 ‐1,870  ‐862

Powell  190 ‐260 ‐2,267  ‐1,161

Munson  117 ‐256 ‐2,097  ‐959

Nygren  109 ‐358 ‐2,030  ‐1,151

Unnamed btwn 
Nygren and 
Heezen 

45 ‐345 ‐1,878  ‐1,016

Heezen  124 ‐160 ‐2,270  ‐1,167

Note: results were calculated from the ACUMEN raster file, using the Zonal Statistics tool in ArcGIS Spatial 
Analyst 

 
Table 6 – Number of historical (pre-2012) records of corals in the canyon zones 
Canyon Name  Alcyonacea Antipatharia Pennatulace

a 
Scleractinia  Grand Total

Alvin  2 5 4  11

Atlantis  1 1  2

Nantucket  7  7

Veatch    0

Hydrographer  2   2

Dogbody  8   8

Clipper  1   1

Sharpshooter    0

Welker    0

Heel Tapper    0

Oceanographer  148 18  166

Filebottom  1   1

Chebacco    0
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Gilbert    0

Lydonia  92 4 7  105

Powell    0

Munson  1   1

Nygren    0

Unnamed Canyon btw 
Nygren and Heezen 

  0

Heezen  42 12 13  67
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4.3.1.1 Alvin Canyon 

Alvin Canyon incises the continental shelf, encompassing an area of approximately 200 
km2. The proposed zone follows the 300-meter depth contour at the head of the canyon 
and aligns fairly closely with the 3° slope contour. Based on the ACUMEN bathymetric 
data, the area has a depth range of 298 to 2,002 meters below sea level. 
 
There are eleven historical records of coral observations that fall within the proposed 
zone, including observation of stony corals, sea pens, and soft corals. The two 
observations just outside the recommended zone boundary are a cup coral (Dasmosmilia 
lymani), which is type of hard coral, and the soft coral Duva florida. Both were older 
records from 1883 such that the exact location of the records is somewhat uncertain. 
 
There were two 2013 Okeanos coral survey tows in the Alvin Canyon area at depths 
ranging from 846 to 927 meters below sea level (Cruise EX1304L1, dives 9 and 10)5. 
Both the east and west walls were surveyed. Both dives traversed a range of soft sediment 
and rock wall/overhang habitats, and corals were observed on both dives, especially in 
rocky areas. 
 
The proposed zone encompasses areas of high and very high suitability as well as areas 
of high slope (greater than 30 degrees), which tend to occur in the deeper portion of the 
canyon. High suitability areas extend beyond the boundaries of the zone to the east and 
west, but very high suitability areas are mostly confined to the suggested boundaries. 
There are no issues with seams in the bathymetric data in this canyon. 
 

                                                 
 
5 Do not have detailed logs for these dives. 
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Map 4 – Recommended Alvin Canyon discrete zone 
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4.3.1.2 Atlantis Canyon 

Atlantis Canyon incises the continental shelf break, encompassing an area of 
approximately 200 km2. The proposed zone follows the 300-meter depth contour at the 
head of the canyon and aligns fairly closely with the 3° slope contour. Based on the 
ACUMEN bathymetric data, the proposed zone has a depth range of 280 to 2,052 meters 
below sea level. 
 
There are two historical observations that fall within the proposed zone, one stony coral 
and one sea pen. 
 
There have also been two recent tows in Atlantis Canyon on the Okeanos Explorer in 
2013 (Cruise EX1304L1, dives 7 and 8), at depths ranging from 885 to 1,794 meters 
below sea level. Both the east and west walls were surveyed. Corals were observed 
during both dives. Dive 7 found colonial stony corals, soft corals, and black corals, plus 
cup corals, which are a solitary type of stony coral. Diverse types of stony, soft, and black 
corals were also found on Dive 8, in addition to sea pens. 
 
The proposed zone encompasses areas of high and very high suitability as well as areas 
of high slope (greater than 30 degrees), which tend to occur in the deeper portion of the 
canyon. There are smaller canyon-type features to the east and west of the proposed zone. 
There are no issues with seams in the bathymetric data in this canyon. 
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Map 5 – Recommended Atlantis Canyon discrete zone 
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4.3.1.3 Nantucket Canyon 

Nantucket Canyon lies seaward of the 3° slope contour, encompassing an area of 
approximately 200 km2. It is a dendritic canyon, with three major branches. Although 
Harris and Whiteway (2011) classify Nantucket as shelf-incising, there is not a 
substantial curve in the 3° slope contour at the head of the canyon, such that it could be 
argued that it is more appropriately classified as slope-confined. The proposed zone 
roughly follows the 300-meter depth contour at the head of the canyon. Based on the 
ACUMEN bathymetric data, the proposed zone has a depth range of 281 to 1,956 meters 
below sea level.  
 
There are seven historical coral observations within Nantucket Canyon, including 
observations of stony corals. There was one recent tow in Nantucket Canyon on the 
Okeanos Explorer in 2014 (Cruise EX1404L3, dive 13). The dive was on the southwest 
wall and attained a maximum depth of 1,881 meters. Corals observed included soft 
corals, stony corals, black corals, and sea pens. 
 
The proposed zone encompasses areas of high and very high suitability as well as areas 
of high slope (greater than 30 degrees), which tend to occur in the deeper portion of the 
canyon. There are areas to the east of the proposed zone that indicate high likelihood of 
coral presence. Some apparent high slope areas in the northeastern portion of the zone 
appear to be artifacts due to seams in the bathymetry data.  
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Map 6 – Recommended Nantucket Canyon discrete zone 
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4.3.1.4 Veatch Canyon 

Veatch Canyon incises the continental shelf break. The recommended zone encompasses 
an area of approximately 125 km2 and is between 200m and 300m in the head of the 
canyon. Based on ACUMEN bathymetric data, the recommended zone has a depth range 
of 150 to 1,821 meters below sea level. 
 
While there are no historical observations of coral presence in Veatch Canyon area, there 
have been five recent dives. Three towed camera dives were completed during 2012 
(Cruise HB1204). The results of this cruise are summarized by coral group (stony, soft, 
black, sea pen) in terms of the number and percentage of images per dive with each type 
of coral. Three tows were conducted with TowCam during Bigelow cruise HB1204. 
Corals were found on a smaller percentage of images collected during Dive 8, with only 
stony and soft corals observed. Dives 7 and 9, which were in deeper parts of the canyon, 
and corals from all four groups (black, stony, soft, sea pens) were found in a larger 
percentage of the images. The 2012 dives indicated that between 570m and 750m, the 
canyon has mostly sedimented habitats, locally with some draped chalky rocks. Between 
1050m and 1250m there are hard bottom canyon walls dominated by the soft coral 
Acanthogorgia and the stony corals Solenosmilia and Desmophyllum, all sparsely 
distributed. Between 1290m and 1424m, the seafloor is dominated by chalky rock bottom 
intermingling with flat, fully sedimented areas. On hard bottom rocks and walls there is a 
diverse coral fauna, including the soft corals Parmuricea, Anthomastus, Paragorgia, 
Swiftia, Clavularia, Acanthagorgia, and bamboo corals; the stony coral Desmophyllum; 
and the black coral Parantipathes, . On soft sediments at this deeper depth range, 
cerianthid anemone and the soft coral Anthomastus were noted. Dive 13 during Okeanos 
Explorer cruise EX1304L1 (1400 m) focused on a cold seep area, and found mussel beds 
and soft coral (Paragorgia) colonies and individual hard coral (Desmophyllum) attached 
to carbonate sediments.  
 
Most of the recommended zone is mapped as very high habitat suitability. High 
suitability areas extend to the east and west of the boundary, overlapping smaller slope-
confined canyons on either side of Veatch. Some apparent high slope areas in the head of 
the canyon are artifacts due to seams in the bathymetry data. The true high slope areas 
tend to occur mainly in the deeper portions of the canyon, beyond the shelf break. 
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Map 7 – Recommended Veatch Canyon discrete zone 
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4.3.1.5 Hydrographer Canyon 

Hydrographer Canyon is a narrow canyon that incises the continental shelf break, 
encompassing an area of approximately 200 km2. The proposed zone follows the 200-
meter depth contour at the head of the canyon. Based on the ACUMEN bathymetric data, 
the proposed zone has a depth of 119 to 1,989 meters below sea level. 
 
There are two historical observations of coral presence within Hydrographer Canyon, 
both soft corals. There have also been two recent coral cruise tow in the area on the 
Okeanos Explorer in 2013 (Cruise EX1304L1, dives 5 and 6), where both the east and 
west walls of the canyon were surveyed. Dive 5 (1299-1418m) found stony, soft, and 
black corals of various species, including some smaller colonies noted as new recruits. 
Dive 6 (610-907m) found soft and stony corals, including Lophelia pertusa, which is a 
reef building species of stony coral. 
 
The areas of high slope (i.e. greater than 30 degrees) are found in the narrow portion of 
the proposed canyon zone, midway between the mouth and foot of the canyon. The zone 
also encompasses the high and very high habitat suitability output results. The effect of 
“seams” in the dataset are also visible on the map, and should be ignored. 
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Map 8 – Recommended Hydrographer Canyon discrete zone 
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4.3.1.6 Dogbody Canyon 

Dogbody Canyon is a dendritic canyon that incises the continental shelf break, 
encompassing an area of approximately 150 km2. The proposed zone follows the 300-
meter depth contour at the head of the canyon and is seaward of the 3° slope contour. 
Based on ACUMEN bathymetric data, the proposed zone has a depth range of 234 to 
1,897 meters below sea level. The main thalweg is somewhat sinuous with a smaller 
branch to the east.  
 
There are eight historical observations of soft coral presence within the area. There have 
also been three recent coral cruise dives in the canyon area, at depths ranging from 558 to 
1,620 meters below sea level. On Cruise HB1504, dive 1 (558-675m), corals were locally 
uncommon, and sponges were found. On dive 2 (894-1,014m) corals were locally 
abundant and diverse, and soft corals, stony corals, and black corals were observed. On 
dive 3, corals were locally rare with low diversity, and only soft corals were observed. 
 
Most of the canyon is predicted to have high or very high habitat suitability for soft 
corals, and both branches include large areas of high slope, in relatively shallow water 
compared to some of the other canyons. There are no issues with seams in the 
bathymetric data in this canyon.  
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Map 9 – Recommended Dogbody Canyon discrete zone 
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4.3.1.7 Clipper Canyon 

Clipper Canyon is slope-confined, encompassing an area of approximately 50 km2, which 
puts it among the smaller canyons off the Northeast continental shelf. The proposed zone 
follows the 400-meter depth contour at the head of the canyon. Based on the ACUMEN 
bathymetric data, the proposed zone has a depth range of 363 to 1,838 meters below sea 
level. Clipper has one main branch and a smaller branch to the east. 
 
There is one historical observation of soft coral presence within the proposed zone. There 
have been two recent tows with TowCam on HB1504. Soft corals were observed on both 
tow 19 (495-571m) and tow 20 (1,216-1,455m). The habitat suitability model predicts the 
shallower portions of the zone as suitable coral habitat. The high/very high suitability 
footprint coincides spatially with areas of high and very high slope. Areas of high slope 
are found along both branches of the canyon, near tows 19 and 20. 
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Map 10 – Recommended Clipper Canyon discrete zone 

 
 
  



DRAFT 

Updated 8 July 2016  Page 46 

4.3.1.8 Sharpshooter Canyon 

Sharpshooter Canyon is slope-confined, encompassing an area of approximately 50 km2, 
which puts it among the smaller canyons off the Northeast continental shelf. The 
proposed zone follows the 400-meter depth contour at the head of the canyon. Based on 
the ACUMEN bathymetric data, the proposed zone has a depth range of 348 to 1,994 
meters below sea level.  
 
There are no historical observations of coral presence within the zone. However, there 
have been two recent TowCam tows during cruise HB1504, tow 16 (800-901m) and tow 
17 (1,168-1,144m). On tow 17, soft corals and stony corals were observed.  
 
Much of the proposed zone was not identified as high and very high habitat suitability 
based on the model output results. However, the proposed zone follows the shape of the 
canyon, and includes areas of high slope at various depths. Tows 16 and 17 were 
conducted in two of the larger contiguous areas of high slope. There are no issues with 
seams in the bathymetric data in this canyon. 
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Map 11 – Recommended Sharpshooter Canyon discrete zone 
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4.3.1.9 Welker Canyon 

Welker Canyon incises the continental shelf break, encompassing an area of 
approximately 150 km2. The proposed zone follows the 300-meter depth contour at the 
head of the canyon. Based on the ACUMEN bathymetric data, the proposed zone has a 
depth range of 265 to 2,094 meters below sea level. The head of the canyon is not very 
steeply sloped, but there are large areas of high slope along both walls. 
 
There are no historical records of coral presence within the proposed zone. However, 
there have been four recent tows/dives within the proposed zone. Three tows took place 
TowCam Cruise HB1504 (dives 13-15), and one dive took place on leg 2 of the 2013 
Okeanos Explorer Cruise EX1304L2 (dive 14). Both walls were surveyed. On dive 13 of 
Cruise HB1504 (559-778m), soft and stony corals were observed. On dive 14 of Cruise 
HB1504 (851-1,156m), soft corals, stony corals, and black corals were observed. On dive 
15 of Cruise HB1504, soft corals were observed. On dive 14 of Cruise EX1304L2 
(1,377-1,445m), a wide diversity of corals were observed, including at least 17 species in 
all four major groupings. 
 
Nearly all of the proposed zone is predicted to be high or very high suitability soft coral 
habitat, and areas of high slope are found throughout the zone. There are no issues with 
seams in the bathymetric data in this canyon. 
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Map 12 – Recommended Welker Canyon discrete zone 
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4.3.1.10 Heel Tapper Canyon 

Heel Tapper Canyon incises the continental shelf break, encompassing an area of 
approximately 100 km2. The proposed zone follows the 300-meter depth contour at the 
head of the canyon. Based on the ACUMEN bathymetric data, the proposed zone has a 
depth range of 271 to 1,792 meters below sea level. 
 
There are no historical observations of coral presence in Heel Tapper Canyon. However, 
there have been recent ROV dives in the area, which include three tows on NOAA’s 
Fisheries Survey Vessel Bigelow in 2015 (Cruise HB1504). These three ROV dives at 
depths ranging from 666 to 1,444 meters observed soft corals (Thourella, Paramuricea, 
and Acanella). 
 
The areas of high slope are also encompassed in the proposed zone. The area to the west 
of the proposed zone includes very high habitat suitability model output; however, higher 
resolution bathymetric data show that the areas of high slope are located within the 
proposed discrete coral zone. 
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Map 13 – Recommended Heel Tapper Canyon discrete zone 
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4.3.1.11 Oceanographer Canyon 

Oceanographer Canyon incises the continental shelf break, encompassing an area of over 
200 km2. It is the largest of the proposed canyon zones. The proposed zone follows the 
300-meter depth contour at the head of the canyon and the boundary is largely within the 
3° slope contour. Based on the ACUMEN bathymetric data, the proposed zone has a 
depth range of 259 to 2,068 meters below sea level. Oceanographer has a clear main axis 
with a smaller branch on the eastern side. 
 
There are 166 historical observations within the proposed zone, including observations of 
soft corals and stony corals. Some additional areas to the west of the proposed zone have 
historical observations as well. In addition, there have been two recent Okeanos Coral 
Cruise tows within the proposed zone (EX1304L2), and both the eastern and western 
walls were surveyed. Dive 3 (983-1,239m) and Dive 13 (1,102-1,248m) both encountered 
diverse habitat types and at least 16 species of stony, soft, and black corals. The colonial 
stony coral Lophelia was observed during Dive 3. 
 
The areas of high slope and the areas predicted to have high/very high habitat suitability 
for soft corals are encompassed in the proposed zone. There are a few areas of seams in 
the bathymetry data that lead to high slope artefacts, but these are difficult to discern 
amidst the large areas of high slope.  
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Map 14 – Recommended Oceanographer Canyon discrete zone 
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4.3.1.12 Filebottom Canyon 

Filebottom Canyon is slope-confined, encompassing an area of approximately 50 km2. It 
is immediately adjacent to Oceanographer Canyon to the west and Chebacco Canyon to 
the east. The proposed zone follows the 300-meter depth contour at the head of the 
canyon. Based on the ACUMEN bathymetric data, the proposed zone has a depth range 
of 371 to 1,995 meters below sea level. There are fewer areas of high slope as compared 
to some other canyons, and some of the high slope areas shown on the map are artefacts 
resulting from seams in the data. Much of the zone is predicted to have suitable habitat 
for corals, although there is less overlap with the very high suitability layer as compared 
to some of the other coral zones proposed. 
 
There is one historical record within the zone, including observations of soft corals. In 
addition, there have been four recent ROPOS Cruise HB1504 tows in the area. Dive 7 
(664-887 m) and dive 8 (1,029-1,077m) both observed stony and soft corals; Dive 8 was 
repeated, so there are two records on the map. 
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Map 15 – Recommended Filebottom Canyon discrete zone 
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4.3.1.13 Chebacco Canyon 

Chebacco Canyon is slope-confined, encompassing an area of approximately 100 km2. It 
is larger and steeper than nearby Filebottom. The proposed zone follows the 400-meter 
depth contour at the head of the canyon. Based on the ACUMEN bathymetric data, the 
proposed zone has a depth range of 340 to 1,963 meters below sea level. Some of the 
high slope areas shown on the map are artefacts resulting from seams in the data. Much 
of the zone is high or very high predicted habitat suitability for soft corals.  
 
There are no historical observations within the proposed zone. However, there have been 
two recent tows within the area on the same ROPOS Cruise HB1504. Both tows were 
completed on the east wall. Tow 4 (801-875 m) observed stony corals, and Tow 5 (1,133-
1,260m) observed soft corals, stony corals, and black corals. 
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Map 16 – Recommended Chebacco Canyon discrete zone 
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4.3.1.14 Gilbert Canyon 

Gilbert Canyon incises the continental shelf break, and has two major branches. The main 
thalweg is located to the east, and there is another limb to the west. The recommended 
zone encompasses an area of approximately 175 km2, following the 300-meter depth 
contour at the mouth of the canyon. Based on the ACUMEN bathymetric data, the 
recommended zone has a depth range of 256 to 2,143 meters below sea level. The head of 
the canyon is not well mapped using these data, however. 
 
There are no historical observations of coral presence in the area, but there are a number 
of recent tows conducted during a 2012 TowCam cruise (HB1204), seven within the 
proposed boundary and one outside it in deeper water. The tows covered various 
locations throughout the canyon including near the head and on multiple walls and 
tributaries. All of the tows found soft corals, with the percentage of images with soft 
corals ranging from 2% to 54%. Other coral types were found in the canyon as well, 
including black corals, stony corals, and sea pens. Two tows of the eight revealed 
markedly high abundance and diversity in corals. These tows were on the western wall 
between 1370m and 1679m and in the canyon head between 640m and 820m. The 
western canyon slopes had the greatest abundance and diversity of corals, with the hard 
rock bottom hosting solitary stony corals and a few colonial stony corals (Solenosmilia), 
mostly on rocky outcrops. Soft coral diversity (Paramuricea, Acanella, and Paragorgia, 
etc.) was high in this canyon due to the diversity of habitats. Sea pen abundance was also 
high in the canyon. Soft corals in the head of the canyon (640 to 820m) were highly 
abundant but dominated by a single type of coral (likely Acanella). 
 
The recommended zone is mapped mostly as very high suitability habitat. There are 
substantial high slope (greater than 30 degrees) areas encompassed within the proposed 
zone. A few high slope artefacts are observed due to seams in the bathymetry but these 
are somewhat difficult to discern on the map. 
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Map 17 – Recommended Gilbert Canyon discrete zone 

 
 
  



DRAFT 

Updated 8 July 2016  Page 60 

4.3.1.15 Lydonia Canyon 

Lydonia Canyon incises the continental shelf break, encompassing an area of over 200 
km2, second in size only to Oceanographer Canyon. The proposed zone follows the 200-
meter depth contour at the head of the canyon. Based on the ACUMEN bathymetric data, 
the proposed zone has a depth range of 142 to 2,249 meters below sea level. 
 
There are 105 historical observations of coral presence in the area, including observations 
of soft corals, sea pens, and stony corals. There has also been one recent ROV dive 
within the proposed zone, onboard the R/V Okeanos Explorer, cruise EX1304L2, dive 
12; 1,135-1,239m. A large number of species (at least 15) from all four coral groups were 
observed during the dive. 
 
Much of the zone is predicted to be highly or very highly suitable habitat for soft corals. 
In addition, there are areas to the west and east of the boundary which are also predicted 
to be suitable coral habitat. However, most of the areas of high slope are encompassed 
within the proposed zone, including within the head of the canyon. 
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Map 18 – Recommended Lydonia Canyon discrete zone 
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4.3.1.16 Powell Canyon 

Powell Canyon incises the continental shelf break, encompassing an area of 
approximately 200 km2. The proposed boundary follows the 300-meter depth contour 
along the head of the canyon. Based on the ACUMEN bathymetric data, the proposed 
zone has a depth range of 260 to 2,636 meters below sea level. 
 
There are no historical observations of coral presence within the proposed zone. 
However, there have been five recent tows with TowCam. These were completed during 
cruise HB1302 aboard the F/V Bigelow. Observations were made of stony corals, soft 
corals, sea pens, and black corals. 
 
The areas predicted to have a high likelihood of coral presence based on the habitat 
suitability model are also encompassed in the zone, along with the areas identified as 
high slope areas. The areas of high slope are concentrated just beyond the shelf break and 
in the deepest parts of the canyon. There is an east-west seam in the data in the middle of 
the zone. 
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Map 19 – Recommended Powell Canyon discrete zone 
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4.3.1.17 Munson Canyon 

Munson Canyon incises the continental shelf break, encompassing an area of 
approximately 100 km2. The proposed boundary follows the 300-meter depth contour 
along the head of the canyon. Based on the ACUMEN bathymetric data, the proposed 
zone has a depth range of 256 to 1,979 meters below sea level. Munson has one main 
branch and a smaller branch to the east. 
 
There is one historical observation of soft coral presence in the area. There have been six 
recent coral cruise tows using TowCam within the proposed zone. These were completed 
from the R/V Bigelow during cruise HB1302, tows 15-19 and 24. Recent cruise 
information includes observations of soft corals, stony corals, sea pens, and black corals. 
Tow15 (550-1,089m) had low abundance and diversity of corals present in the area. Dive 
24 (1,084-1,472m) included locally abundant and diverse corals, and areas with no corals. 
 
Most of the canyon is identified as having high and very high likelihood of coral presence 
based on the habitat suitability model. Areas of high slope can be found throughout the 
zone, except in the shallowest portion of the canyon. 
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Map 20 – Recommended Munson Canyon discrete zone 
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4.3.1.18 Nygren Canyon 

Nygren Canyon is a dendritic, slope-confined canyon that encompasses an area of 
approximately 100 km2. The recommended zone follows the 400-meter depth contour 
along the head of the canyon. Based on the ACUMEN bathymetric data, the zone has a 
depth range of 358 to 2,030 meters below sea level. 
 
There are no historical observations of coral presence in this area. However, there have 
been two recent dives in the area during leg 2 of the 2013 Okeanos Explorer Cruise 
EX1304L2. Dive 6 (1310-1590m) traversed a diverse range of habitats, including soft 
sediments, a cold seep, and exposed rock faces. Corals found included soft corals (at least 
17 species), black corals (three species), stony corals (three to four species), and sea pens 
(three species). Dive 8 (678-914m) traversed a shallower area of the canyon, with 
sediments ranging from soft sediment with large boulders to rugged steep terrain with 
sediment-draped rock. A diverse coral fauna was observed during this dive, as well as a 
diversity of fishes and other fauna. 
 
Most of the canyon is identified as having high and very high likelihood of coral presence 
based on the habitat suitability model. Areas of high slope are concentrated in the middle 
of the proposed zone, but can be found on all major branches of the canyon. The very 
high suitability areas coincide with the very high slopes. Both the landward and seaward 
depths of the recommended zone were developed to correspond with the habitat 
suitability results. 
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Map 21 – Recommended Nygren Canyon discrete zone 
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4.3.1.19 Unnamed Canyon 

This unnamed, slope-confined canyon is relatively small, encompassing an area of 
approximately 50 km2. The recommended zone follows the 400-meter contour along the 
head of the canyon. Based on the ACUMEN bathymetric data, the zone has a depth range 
of 345 to 1,878 meters below sea level. 
 
There are no historical observations of coral presence in the area. There was a 2013 ROV 
dive in the canyon (Okeanos Explorer Cruise EX1304L2, dive 10, 497-824m). The dive 
track transited diverse habitat types and geological features, including soft sediments over 
rocky ledges, sediment with coral rubble, and a steeply sloping wall. The wall ledges 
harbored various coral types, including stony corals (solitary cup corals and colonial 
species) and soft corals. At the top of the slope the dive concluded on a sediment field 
with scattered rocks, colonized by attached organisms including soft corals 
(Acanthogorgia). 
 
Most of the canyon is identified as having high or very high likelihood of coral presence 
based on the habitat suitability model. Areas of high slope can be found throughout the 
zone, and generally coincide with areas of very high habitat suitability. 
 



DRAFT 

Updated 8 July 2016  Page 69 

Map 22 – Recommended discrete zone in unnamed canyon located between Heezen and Nygren 
Canyons 
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4.3.1.20 Heezen Canyon 

Heezen Canyon incises the continental shelf break, encompassing an area of 
approximately 125 km2. The proposed zone follows the 200-meter contour at the head of 
the canyon. 
 
There are 67 historical records within the recommended zone, including observations of 
stony corals, soft corals, and sea pens. Two dives were completed in the area during the 
2013 Okeanos Explorer Cruise EX1304L2. Dive 7 (1615-1723m), traversed varied 
habitat types along the southwestern flank of the canyon. Various coral taxa were found, 
including soft corals (Paramuricea, Acanella, Clavularia, and Radicipes), stony corals 
(the colonial Solenosmilia), black corals (Stichopathes), and sea pens (Umbellela). Dive 9 
(703-926m), was in a shallower portion of the canyon along the southwestern wall. 
Vertical rock faces traversed during the dive were inhabited by enormous soft coral 
(Paragorgia, Primnoa, and Paramuricea) colonies. Other coral taxa were also observed 
during the dive. 
 
Most of the recommended zone is identified as having high and very high likelihood of 
coral presence based on the habitat suitability model. Areas of high slope can be found 
throughout the zone, except in the shallowest and deepest portion of the canyon. 
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Map 23 – Recommended Heezen Canyon discrete zone 
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4.3.2 Seamount coral zones 

Coral zones are proposed for the four seamounts within the US EEZ. The four seamounts 
vary in size, depth range, and slope. The seamount bathymetry data are lower resolution 
than the canyon data (100 meter vs. 25 meter) but nonetheless provide a clear indication 
of the spatial extent covered by each seamount. The boundaries were drawn using the 
bathymetry and are intended to encompass the full extent of each seamount. Areas of 
high slope are also shown on the maps. In general, there are fewer areas of slope greater 
than 30° than in the canyons, so areas with slopes greater than 20° are shown. 
 
Overall the seamount zones are somewhat larger than the canyon zones, ranging from 
approximately 200-500 km2.Contours are shown in 500 meter intervals. Note that while 
the depth color shading uses the same coloration as the canyon maps, it is on a different 
scale. The seamounts have depths at their peaks similar to the maximum depths of the 
canyon zones (Bear is somewhat shallower than this at around 1,100m), with maximum 
depths at their bases of between 3,000 and 4,000 meters. 
 
Table 7 – Depth statistics for seamount zones 
Seamount name  Area (km2) Minimum depth

(meters) 
Maximum depth 

(meters) 
Mean depth

(meters) 

Bear  527 1,098 3,227  2,265

Mytilus  258 2,396 4,183  3,449

Physalia  169 1,875 3,712  3,108

Retriever  317 1,881 4,084  3,416

 
Table 8 – Number of historical records of corals in the seamount zones 
Seamount name  Alcyonacea Antipatharia Pennatulace

a 
Scleractinia  Grand Total

Bear  32 6 1 5  44

Mytilus    0

Physalia    0

Retriever  12 1   13
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4.3.2.1 Bear Seamount 

The summit of bear seamount is approximately 1100m below sea level, and the base of 
the seamount is at over 3000m. Bear is the largest of the New England seamounts, and 
while it was not visited during recent (2012-2015) cruises, all four groups of corals (soft, 
stony, sea pens, and black corals) had been previously documented in the area. 
 
Map 24 – Current Bear Seamount coral zone boundary 
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4.3.2.2 Mytilus Seamount 

Mytilus is the deepest of the four seamounts, with a minimum depth of 2,396m and a 
maximum depth within the proposed coral zone boundary of 4,183m. Mytilus Seamount 
was surveyed during leg 2 of the 2013 Okeanos Explorer cruise EX1304, dives 4 and 5. 
Dive 4 documented a diverse array of soft corals as well as two species of black coral. 
Sea pens, soft corals, and black corals were noted during Dive 5. A diversity of sponges 
were observed during both dives. 
 
Map 25 – Current Mytilus Seamount coral zone boundary 
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4.3.2.3 Physalia Seamount 

Physalia and Retriever seamounts have similar minimum and maximum depths. The 
summit of Physalia is at approximately 1900m, and the deepest part of the proposed zone 
is at over 3700m. Physalia was surveyed for the first time in 2012 using AUV technology 
(Kilgour et al. 2014). Two dives were conducted at and just off the summit of the 
seamount. Coral presence was confirmed during both dives, with sea pens found in fine 
sediment areas, and additional coral types observed were observed a low densities where 
soft sediments shifted to hard sediments, or on rock walls, ledges, and pavements. The 
Okeanos Explorer returned to Physalia in 2014 during cruise EX1404. Dive 11 was made 
at moderate depths on the southern side of Physalia. Results were consistent with 
observations from the 2012 cruise, with corals observed during the dive but at relatively 
low abundance and diversity. During this most recent dive, sponge diversity was greater 
than coral diversity. 
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Map 26 – Current Physalia Seamount coral zone boundary 
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4.3.2.4 Retriever Seamount 

The summit of retriever seamount is at approximately 1900m, and the deepest part of the 
proposed zone is at depths of over 4,000m. Dive 5 during EX1404 Leg 3 aboard the 
Okeanos Explorer explored the west slope of the seamount. A rock outcrop area on the 
dive harbored an array of coral species and other attached organisms. 
 
Map 27 – Current Retriever Seamount coral zone boundary 
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4.3.3 Gulf of Maine coral zones and boundaries 

Deep-sea corals have been known to occur in the Gulf of Maine since the nineteenth 
century (Watling and Auster 2005), but targeted camera surveys to assess coral 
distribution have been conducted only in the last fifteen years, with most of this type of 
survey activity occurring since 2013. Recent activities include both towed camera and 
ROV dives in various locations throughout the Gulf (see Auster et al. 2014, Auster et al. 
2014 for details on 2013 and 2014 cruises). Coral habitats observed during 2002, 2003, 
and 2013-2015 surveys were classified as low density corals vs. coral gardens. A density 
of 0.1 colonies per m2 is the threshold that the International Council for the Exploration 
of the Sea (ICES) used to define coral garden habitat (ICES 2007), but coral habitats in 
some areas exceed these densities (see sections below for details). Corals management 
zones are recommended in areas with both classifications. The recommended zones are 
Outer Schoodic Ridge, Mount Desert Rock, three sites in Western Jordan Basin, Central 
Jordan Basin, and Lindenkohl Knoll within Georges Basin. All sites with multiple dive 
observations, specifically Outer Schoodic Ridge, Mount Desert Rock, the 114 Bump site 
in Western Jordan Basin, and Lindenkohl Knoll, had at least one dive where coral garden 
habitats were found. 
 
Other recently collected data that inform the delineation of coral zones include high 
resolution multibeam bathymetry in the Outer Schoodic Ridge and Western Jordan Basin 
regions. In general, the boundaries of the recommended coral zones were developed to 
encompass dive sites where corals were positively identified, and not to encompass the 
full spatial extent of specific terrain features, as is the case with the canyon and seamount 
sites. That being said, dives without corals were used to limit the extent of the deep-sea 
coral zone in the Outer Schoodic Ridge area, where multiple additional dives at similar 
depths did not find coral habitats. 
 
Note that while similar colors are used for the depth shading on all the maps in this 
section, the scales are different between maps to best depict the change in depth at each 
site. 
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4.3.3.1 Mount Desert Rock 

Mount Desert Rock is a small island off the eastern Maine coast, offshore of Mount 
Desert Island and Bar Harbor (Map 28). The proposed coral zone lies just to the 
southwest of Mount Desert Rock, and has depths ranging from approximately 100m to 
200m (Map 29). Both low density coral habitats and coral garden habitats have been 
observed within the proposed coral zone, with the coral garden sites aligning with high 
slope areas. Six dives with corals and one nearby dive without corals have been 
conducted in the proposed zone since 2002, specifically dive 224 during 2002, dive 235 
during 2003, tows 24 and 32 during 2013, and tows 10 and 11 in 2015. The 2013 and 
2015 tows were all completed with the ISIS2 towed camera system. The 2015 tows 
exhibited dense soft coral communities, and fine-grained sediment areas encountered 
during Tow 11 exhibited very high densities of sea pens. 
 



DRAFT 

Updated 8 July 2016  Page 80 

Map 28 – Regional siting of Mount Desert Rock Coral Zone 
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Map 29 – Current Mount Desert Rock coral zone boundary, including recent dive locations and 
relative abundance of corals. Contours are in ten-meter intervals with 50 meter intervals highlighted. 
This map has the same color shading as the previous of the Mount Desert Rock region. 
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4.3.3.2 Outer Schoodic Ridge 

Recent high resolution mapping details the complex terrain in the Outer Schoodic Ridge 
area. According to the high resolution multibeam bathymetry, depths in the 
recommended zone range from 104m to 248m, with a mean depth of 174m. 
 
Corals at this location were studied during eight ROV dives and two camera tows during 
2013, 2014, and 2015. Structure forming corals within the Outer Schoodic Ridge zone are 
mostly soft corals, although some smaller stony corals are also present. Highest densities 
of soft corals (e.g. 15.7-38.6 colonies per m2) occur on short, steep, vertical rock faces. 
Common species include primarily Primnoa resedaeformis, along with Paramuricea 
placomus and Acanthogorgia cf. armata. Areas outside these very steep rock faces with 
scattered gravels and smaller rock outcrops support lower densities of corals, primarily P. 
placomus, co-occurring with other structure-forming species such as burrowing 
cerianthid anemones, and sponges, as well as sea pens (Pennatula aculeata). All but one 
of the dives found corals at coral garden densities. Sea pens and sponges were noted 
during the remaining dive. 
 
Steeply sloped features that are likely to provide suitable attachment sites for corals are 
found in the vicinity of the dive sites, throughout the area with high resolution 
bathymetry data. Based on the presence of steep terrain, the entire footprint of this data 
set, aside from a small amount of data to the west of the area in shallower waters, is 
recommended as a coral zone. It is possible that there are additional corals outside the 
recommended zone boundaries, but corals were not observed during dives at similar 
depths nearby (Map 31).  
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Map 30 – Recommended Outer Schoodic Ridge coral zone boundary and high resolution 
bathymetry. Areas of high slope are shown in red. Relative coral densities during recent dives are 
shown in purple shading. 
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Map 31 – Area surrounding the recommended Outer Schoodic Ridge coral zone. Contours are at 50 
meter intervals. Relative coral densities during recent dives are shown in purple shading. 
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4.3.3.3 Jordan Basin 

Jordan Basin, which straddles the EEZ boundary, has depths ranging from approximately 
175 to 300 meters. Deep-sea corals have been observed on shallower rocky features 
within Western Jordan Basin, which are named for their charted depths: 98 Fathom Bump 
(179m), 114 Fathom Bump (208m), and 118 Fathom Bump (216m). Another site in 
Central Jordan Basin encompasses depths of approximately 220m to 235m. 
 
The 114 Fathom Bump and its immediate surrounds is the best mapped of these four 
sites, and has the greatest number of dives. According to the high resolution multibeam 
bathymetry, depths in the recommended zone range from 208m to 276m, with a mean 
depth of 240m. Similar to Outer Schoodic Ridge, coral garden habitats on 114 Fathom 
Bump are dominated by soft corals (mostly Paramuricea placomus, along with Primnoa 
resedaeformis and Acanthogorgia cf. armata), with the highest densities on steep rock 
walls. Lower density coral habitats have also been found at 96 Fathom Bump and118 
Fathom Bump sites, which have been surveyed with only a single dive each. There are 
two dives near the Central Jordan Basin site, although the imagery from only one of the 
two sites has been processed as of the most recent PDT discussions on February 22, 
2016. The results of the image analysis for this dive may warrant an extension of the 
Central Jordan Basin zone boundary to the southwest. 
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Map 32 – Recommended coral zones in Jordan Basin. Boundaries for 118 Fathom Bump and 96 
Fathom Bump are unchanged from current alternatives. The boundary for 114 Fathom Bump is 
expanded from the previously recommended alternative to encompass additional coral observations 
(purple triangles) from recent dives. The Central Jordan Basin zone is new. One of the dives near the 
Central Jordan Basin zone has not yet been analyzed. It may make sense to extend the boundary to 
the southwest within the dotted outline. 
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Map 33 – Larger scale image of the high resolution bathymetry at the 114 Fathom Bump zone. This 
map uses a different color scale than the previous map of the Western/Central Jordan Basin region. 
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4.3.3.4 Lindenkohl Knoll 

Lindenkohl Knoll is a somewhat shallower feature on the western side of Georges Basin. 
The recommended zone has depths ranging from approximately 165m to 255m, while 
Georges Basin overall approaches a maximum depth of nearly 400m below sea level. 
Four 2015 camera tows found corals at both coral garden (one tow) and low densities 
(three tows). The soft coral Paramuricea was the most commonly occurring species. 
  
Map 34 – Recommended Lindenkohl Knoll coral zone. 
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4.4 Management measures in broad and discrete coral zones 
The following range of management measures would potentially apply to all coral zones.  
Different measures could be used in broad vs. discrete zones, or in different discrete 
zones, depending on the fisheries that occur there and the degree of precaution desired.  
Note that broad and discrete zones could be used in combination, with different types of 
measure applied in each.  For example, a mobile bottom tending gear restriction could be 
applied across all zones, but exemptions to this restriction might only be allowed in the 
broad zone, not in the discrete zones. 

4.4.1 Fishing restriction options for coral zones 

These options would determine the level of fishing restrictions applied to the coral zones. 

4.4.1.1 Prohibit bottom-tending gears 

This option would prohibit the use of bottom-tending fishing gears in deep-sea coral 
zones, but would allow the use of gears that do not contact the seabed.  Note that the 
lobster trap fishery, which is managed by ASMFC, would not be subject to this 
restriction. 

4.4.1.1.1 Suboption: Exempt the red crab fishery from coral zone restrictions 

This option would exempt the red crab fishery from bottom-tending gear restrictions, and 
could be applied to a broad zone and possibly also to the discreet zones. 

4.4.1.2 Prohibit use of mobile bottom-tending gears 

This option would prohibit the use of mobile bottom-tending fishing gears in deep-sea 
coral zones, but would allow the use of fixed gears and any gears that do not contact the 
seabed. 

4.4.2 Special Access Programs, exploratory fishing, and research in coral zones 

The Habitat Committee has expressed interest in developing an alternative that would 
allow for exempted or exploratory fishing in coral zones, and the Council approved this 
alternative for further development in April 2012.  The PDT suggests that a distinction 
should be made between special access program fishing vs. exploratory fishing vs. 
research activities.  The sections that follow outline considerations associated with each 
type of program, and ideas are drawn from exisiting special access programs in the 
groundfish, scallop, and herring fisheries, the exempted fishing permit process, and the 
Northwest Atlantic Fishery Organization exploratory fishing program. 
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Figure 2 – Major elements of special access and exploratory fishing programs within coral zones 

 

4.4.2.1 Special access program fishing 

This alternative would implement a special access program within some or all of the 
deep-sea coral zones.  The objectives of the program would be as follows: 
 

(1) To allow for continued fishery access to some or all coral areas 
(2) To ensure that such fishing does not conflict with coral conservation objectives 

 
This program would generate sufficient data to understand fishing distributions in coral 
zones, as well as interactions between fishing and corals.  The intention here is to specify 
in detail the possible the operational requirements for a vessel that wishes to fish within a 
coral zone. 
 
The main distinction between this program and a categorical exemption from gear 
restrictions for the red crab fishery (section 4.4.1.1.1) is that this program would have 
additional reporting requirements and possibly spatial restrictions, while the red crab 
fishery operating under a categorical exemption would operate under current restrictions 
with no additional reporting requirements. 
 
Which vessels? A program to allow fishing activities in specified deep-sea coral zones 
could potentially apply to any vessel that is restricted from operating in a particular coral 
zone according to the measures selected in section 4.4.1 (fishing restrictions in broad and 
discrete coral zones).  This could include vessels fishing with any type of bottom tending 
gear, or only those fishing with with mobile bottom-tending gear, depending on the 
alternative selected.  Alternatively, the Council could restrict participation in special 
access programs to vessels participating in specific fisheries.   
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Which areas? The Council would need to determine where special access program 
fishing would be allowed.  Such activities could be authorized in all designated coral 
zones, or only in certain types of coral zones.  For example, distinctions might be made 
between whether or not fishing is authorized in broad zones, discrete zones based on 
coral data and habitat suitability, and/or discrete zones based on habitat suitability only.  
Areas authorized for a special access fishery could vary by fishery to include only those 
areas fished currently or in the recent past.  Sub-areas of broad zones might also be 
appropriate. 
 
Operational requirements: When fishing in an exempted/special access fishing 
program in a coral area, vessel operators would be subject to additional requirements.  
These could include: 
 

1. Gear requirements: The Council may wish to specify gear restrictions that are 
different from what is currently authorized under the various FMPs in order to 
better protect corals from fishing impacts.  This could include limits on rollers or 
rockhoppers, for example. 

2. Seasonal requirements: This is an element of some existing special access 
programs and is listed for completeness, but would probably not be necessary 
here.  Corals are almost certain to be equally vulnerable to fishing impacts year 
round. 

3. Total amount of effort or target species landings: The Council could specify the 
number of trips allowed for each vessel authorized in the special access program 
in order to limit the total amount of fishing that could occur in coral areas.  Or, the 
Council could consider exemptions from certain fishery regulations when 
operating in coral zones.  For example, trip limits might be counterproductive to 
conservation objectives if discarding occurs and additional bottom time is 
therefore required to land the same amount of the target species.  Ensuring coral 
protection should remain the focus though.  In the case of corals, effort limitation 
might not be a useful tool because the impact/recovery relationship is such that 
the initial impact is most damaging, such that any effort occurring in locations 
with lots of corals could be problematic from a conservation standpoint.  This 
underscores the importance of only allowing special access fishing to occur in 
locations where interactions between that type of fishing and the coral types 
known or thought to occur would be minimal to begin with. 

4. Move-along provision if any corals are caught: This type of provision would 
require the vessel to stop fishing if corals are encountered and move to a new 
location.  The Council could specify a zero or non-zero threshold of coral bycatch 
that would trigger a move-along clause.  NAFO has developed something similar, 
but apparently these types of thresholds are difficult to develop because coral 
catch rates vary by gear and area.  Whether the threshold is zero or non-zero, this 
type of provision would require the vessel operator to be able to identify corarls in 
the catch. 

5. Coral retention requirement: Would require any corals caught to be retained and 
brought back to shore for analysis, to determine the species caught. 
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6. Reporting requirements: 
a. For vessels that are equipped with one as a requirement of a fishery they 

participate in, use of a vessel monitoring system with half-hourly polling 
b. Enhanced documentation of fishing location and catch.  For each tow of 

mobile gear or set of fixed gear: 
i. Start and end location and depth of all tows 

ii. Catch weights by species, including target and non-target fishes and 
invertebrates identified to the lowest taxonomic level possible 

iii. Alternatively, use an observer.  
c.  File fishing vessel trip reports as usual. 

 
Letter of authorization: A special access program would likely require a letter of 
authorization.  The fishing that would occur under the letters of authorization typically 
needs to meet a range of requirements.  These types of information could be included in 
the request: 
 

1. Vessel identifying information and point of contact 
2. Must be filed by the application deadline. A deadline would need to be specified 

so that vessel owners would know how far in advance they need to request a letter 
of authorization.  In the case of research-related exempted fishery permits, the 
project proponents are asked to apply 60 days before the permit is to be used.  
Requests could be submitted on a rolling basis, similar to research-related 
applications, or only within a certain window each year.  If the latter option is 
selected, the deadline could be 60 days before the start of a particular fishing year, 
or the deadline might be the same for all fisheries (e.g. November 1 to take effect 
January 1 of the following year). 

3. Target and incidental species expected to be harvested and discarded: 
a. For species regulated under a federal FMP, it is assumed all size limits, 

possession limits, and trip limits would still apply.  The vessel would need 
to have a permit to fish under that FMP and comply with any limitations 
associated with the category of permit held, unless the special access 
program rules are different. 

b. For non-target/incidental species including corals and protected species, 
the application would need to specify a list of species that might be 
encountered and how catch of those species would be monitored and 
documented. 

4. The vessel would need to be in good standing at the time the request is made.  
This means no open violations, must be current with reporting requirements, etc. 

5. A description of any fishing gear to be used would be required.  This would 
include roller gear or other sweep attachments on trawl vessels, number and size 
of traps in a string, type of line connecting traps in a string, etc.  All gear would 
need to comply with existing regulations for use outside of coral areas.   

4.4.2.2 Exploratory fishing 

This alternative would implement an exploratory fishing program within some or all of 
the deep-sea coral zones.  The objectives of an exploratory program would be as follows: 
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(1) To allow for exploration of the feasibility (technological, economic) of new 

fisheries 
(2) To collect data that indicate whether the new fishery conflicts with coral 

conservation objectives 
 
Steps in the exploratory fishing process would be as follows: 
 

1. Apply for an exempted fishing permit and letter of authorization to conduct 
research/exploratory fishing 

2. Document feasibility of the fishery including evidence that the fishery does not 
compromise coral conservation objectives 

3. Longer term, as appropriate, add the target species to the list of special access 
program species via rulemaking 

 
Which vessels? Presumably, any vessel could apply for an exploratory fishing permit, 
whether they were currently permitted to operate in regional fisheries or not. 
 
Which areas? As above, the Council would need to determine where exploratory fishing 
activity would be allowed.  Such activities could be authorized in all designated coral 
zones, or only in certain types of coral zones.  For example, distinctions might be made 
between whether or not exempted/exploratory fishing is authorized in broad zones, 
discrete zones based on coral data and habitat suitability, and/or discrete zones based on 
habitat suitability only. 
 
Operational requirements: When fishing under an exploratory fishing permit in a coral 
area, vessel operators could be subject to requirements, similar to those for special access 
fisheries, above.  The Regional Administrator would have the discretion to grant 
exempted permits as he or she saw fit, but the Council could provide guidance as to the 
types of activities that they would consider appropriate. 
 

1. Gear requirements 
2. Seasonal requirements (again, probably not necessary) 
3. Total amount of effort permitted 
4. Move-along provision if any corals are caught 
5. Coral retention requirement 
6. Reporting requirements: 

a. Vessel monitoring system if equipped 
b. Scientific personnel or NEFOP observer 
c. Enhanced documentation of fishing location and catch.  For each tow of 

mobile gear or set of fixed gear: 
i. Start and end location and depth of all tows 

ii. Catch weights by species, including target and non-target fishes and 
invertebrates identified to the lowest taxonomic level possible 

 



DRAFT 

Updated 8 July 2016  Page 94 

Permit requirements: An application for an exempted fishing permit to conduct market 
research/exploration could include the following elements.  Additional details about these 
elements are provided above in the special access program section.  The Regional 
Administrator would maintain final discretion regarding the approval of exempted fishing 
permits.  Table 9 contains additional information about exempted fishing permits and 
other types of research documents.  While exploratory fishing activities would not 
constitute scientific research, some of the requirements of an exempted fishing permit 
application are appropriate to an exploratory fishing program within deep-sea coral 
zones. 
 

1. Vessel identifying information and point of contact. 
2. Must be filed by the application deadline. 
3. Target and incidental species expected to be harvested and discarded: 

a. Species regulated under a federal FMP 
b. Non-target/incidental species including corals and protected species 
c. For target exploratory species not regulated under a federal FMP, the 

application would need to summarize all available information about the 
distribution of the species, provide a brief rationale as to why the species 
is of exploratory fishing interest, and whether or not the species would be 
retained for sale. 

4. The vessel would need to be in good standing 
5. A description of any fishing gear to be used 

4.4.2.3 Experimental/research activities 

Finally, a third category of activities that might occur in corals zones is scientific 
research.  This type of work would need to fall under the definition of scientific research 
(see below) and a letter of acknowledgement (distinct from a letter of authorization) 
would be required. A letter of acknowledgement would be useful to help NMFS and the 
Council keep track of research activities that may be occurring in coral zones, the results 
of which could benefit future management decisions. 
 
Presently, four types of documents are issued by the Northeast Regional Office to vessels 
participating in scientific research projects: an exempted fishing permit, a temporary 
possession permit, an exempted educational activity authorization, and/or a letter of 
acknowledgement (Table 9).  Some or all of this information could be requested from 
special access program participants, exploratory fishing activities, or research activities. 
 
Exemptions that are never granted in research context are exemptions from landing fish 
smaller than the minimum size limit, permit or reporting requirements, or quotas.  
Exemptions from these regulations would likely not be appropriate in coral areas, either.  
Also, exempted permits for research projects are not granted when the research objective 
is to develop a special access program within a closed area during specified peak 
spawning periods.  This issue would not apply to exempted fishing in the coral zones.  
Finally, exemptions are never granted that would allow fishing by mobile bottom tending 
gear in a habitat closed area.  An exemption program in coral areas would potentially 
need to be different in this regard. 



DRAFT 

Updated 8 July 2016  Page 95 

 
In a research context, other types of exemptions are sometimes granted, but receive 
greater scrutiny. These include applications to fish in the parts of year round closed areas 
that are not habitat closures, outside of peak spawning periods; exemptions from DAS 
programs or limits; exemptions from trip or possession limits; exemptions from measures 
designed to reduce takes of protected species; and exemptions from landing but not 
selling fish below a minimum size. It does not seem that granting these types of 
exemptions would be necessary for vessels wishing to fish in coral zones. 
 
Table 9 – Types of research documents issued by GARFO.  Summarized from Research 
Documentation: Exempted Fishing Permits, Temporary Possession Permits, Exempted Educational 
Activity Authorizations, and Letters of Acknowledgement.  Updated 23 November 2010, available at 
http://www.nero.noaa.gov/permits/. 
Exempted Fishing Permit:  Authorizes a fishing vessel of the United States to conduct fishing activities 
that would be otherwise prohibited under the regulations at 50 CFR part 648 or part 697.  Generally 
issued for activities in support of fisheries‐related research, including seafood product development 
and/or market research, compensation fishing, and the collection of fish for public display.  Anyone that 
intends to engage in an activity that does not meet the definition of scientific research but that would be 
otherwise prohibited under these regulations is required to obtain an EFP prior to commencing the 
activity. 

Temporary Possession Permit:  Temporary Possession Permits authorize a federally permitted fishing 
vessel that is accompanied by an eligible research technician to temporarily retain fish that are not 
compliant with applicable fishing regulations for the purpose of collecting catch data.  Example 
regulations include minimum fish sizes, species under quota closures, and fish possession limits.  All non‐
compliant fish are returned to the sea as soon as practicable following data collection. 

Exempted Educational Activity Authorization:  An EEAA is a permit issued to accredited educational 
institutions that authorize, for educational purposes, the target or incidental harvest of species managed 
under an FMP or fishery regulations that would otherwise be prohibited. 

Letter of Acknowledgement:  An LOA is a letter that acknowledges certain activities as scientific research 
conducted from a scientific research vessel. Scientific research activities are activities that would meet the 
definition of fishing under the Magnuson‐Stevens Fishery Conservation and Management Act (Magnuson‐
Stevens Act), but for the statutory exemption provided for scientific research.  Such activities are exempt 
from any and all regulations promulgated under the Magnuson‐Stevens Act, provided they continue to 
meet the definition of scientific research activities conducted from a scientific research vessel. Although 
the LOA is not required for scientific research, obtaining an LOA serves as a convenience to the 
researcher, the vessel(s), NMFS, the NOAA Office of Law Enforcement, and the U.S. Coast Guard, to 
establish that the activity is indeed exempt from the provisions of the Magnuson‐Stevens Act.  

To meet the definition of a scientific research vessel  the vessel must beconducting a scientific research 
activity and be under the direction of an appropriate group, e.g. a government agency, university or 
accredited educational institution, etc. 

Scientific research activity includes, but is not limited to sampling, collecting, observing, or surveying the 
fish or fishery resources within the EEZ. Research topics include taxonomy, biology, physiology, behavior, 
disease, aging, growth, mortality, migration, recruitment, distribution, abundance, ecology, stock 
structure, bycatch or other collateral effects of fishing, conservation engineering, and catch estimation of 
fish species considered to be a component of the fishery resources.  
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4.4.3 Framework provisions for deep-sea coral zones 

These options would allow the measures adopted via this amendment to be changed via 
framework adjustment versus fishery management amendment. If a particular type of 
management action is on the list of frameworkable items, it does not preclude the Council 
from determining, or NMFS from recommending, that an amendment is a more 
appropriate vehicle for consideration of the change. In some cases, an amendment might 
be more appropriate, particularly if the impacts of an action are likely to be substantial. 
Note also that decisions about whether an environmental assessment vs. environmental 
impact statement are prepared are separate from the decision to pursue a framework or an 
amendment. One or more of the following alternatives in this section could be selected. 

4.4.3.1 Add, revise, or remove coral zones via framework adjustment 

This alternative would allow coral zones to be added, revised, or removed via framework 
adjustment. 

4.4.3.2 Change fishing restrictions in coral zones via framework adjustment 

This alternative would allow the Council to change the types of fishing gears restricted 
within deep-sea coral zones via framework. 

4.4.3.3 Change exemption fishery requirements 

This would include changes to management measures associated with exemption 
programs, such as permit and observer requirements, and move-along provisions. 
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5 Considered and rejected alternatives 
In June 2015, the MAFMC approved coral management zones for their region through 
Amendment 16 to the Atlantic Mackerel/Squid/Butterfish FMP, and is in the process of 
submitting the amendment to NMFS. Earlier versions of the NEFMC alternatives, which 
were developed prior to intiation of the MAFMC amendment, included areas with the 
MAFMC region. The NEFMC coral zone alternatives were modified to remove areas 
south of the NEFMC/MAFMC boundary, including the Mey-Lindenkohl slope, 
Baltimore Canyon, Norfolk Canyon, Emery Canyon, Hudson Canyon, Toms Canyon, 
Lindenkohl Canyon, Wilmington Canyon, Accomac Canyon, and Washington Canyon. 
 
A broad coral zone with a landward boundary based on the 200 m depth contour was 
considered by the Habitat Committee and rejected, due to concerns about potential 
fishery impacts of a zone extending into these relatively shallower depths. 
 
Larger discrete coral zones in the Gulf of Maine were not recommended for further 
analysis at the April 6, 2012 Committee meeting: 
 

 An expanded version of the Mt Desert Rock zone that extended into similar 
depths and habitats, and also included some shallower areas within state waters 

 Larger areas combining areas 1 and 2 and areas 3 and 4 in Western Jordan Basin, 
that would have encompassed a wider range of deeper and shallower habitat types 

 
The PDT evaluated the following additional canyon and slope areas as possible discrete 
coral zones, but did not recommend them to the Habitat Committee. The Committee 
concurred with the PDT’s assessment and did not ask for further analysis of these options 
at their February 23, 2012 meeting. Note that some of these canyons are in the mid-
Atlantic region, and have subsequently been evaluated by the MAFMC and their coral 
FMAT. 
 

 Slope near U.S. – Canadian border 
 Slope between Veatch and Hydrographer Canyons 
 Slope west of Alvin and Atlantis Canyons 
 Slope area between Baltimore and Accomac canyons  
 Canyons not recommended based on GIS analysis: Chebacco, Filebottom, 

Sharpshooter, Dogbody, Shallop, Nantucket, Atlantis, Block, McMaster, Ryan 
Canyon, Uchupi, and Spencer Canyons 

 Canyons not recommended, did not incise shelf enough to conduct GIS analysis: 
Clipper, South Wilmington, North Heys, South Vries, Warr, Phoenix, and 
Leonard Canyons 
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6 Description of the affected enviroment 

6.1 Physical setting 

6.1.1 Gulf of Maine 

The Gulf of Maine is an enclosed coastal sea, bounded on the east by Browns Bank, on 
the north by the Nova Scotian Shelf, on the west by the New England states, and on the 
south by Cape Cod and Georges Bank. The Gulf of Maine is glacially derived, and is 
characterized by a system of deep basins, moraines and rocky protrusions with limited 
access to the open ocean. This geomorphology influences complex oceanographic 
processes that in turn produce a rich biological community. 
 
The Gulf of Maine’s geologic features, when coupled with vertical variations in water 
properties, result in a great diversity of habitat types. There are twenty-one distinct basins 
separated by ridges, banks, and swells. The three largest basins are Wilkinson, Georges, 
and Jordan. Depths in the basins exceed 250 m, with a maximum depth of 350 m in 
Georges Basin, just north of Georges Bank. The Northeast Channel between Georges 
Bank and Browns Bank leads into Georges Basin, and is one of the primary avenues for 
exchange of water between the Gulf of Maine and the North Atlantic Ocean. 
 
Describe areas containing corals in more detail 

6.1.2 Continental slope, canyons, and seamounts 

The continental slope extends from the continental shelf break, at depths between 60-200 
m, eastward to a depth of 2000 m. The width of the slope varies from 10-50 km, with an 
average gradient of 3-6; however, local gradients can be nearly vertical. The base of the 
slope is defined by a marked decrease in seafloor gradient where the continental rise 
begins. The morphology of the present continental slope appears largely to be a result of 
sedimentary processes that occurred during the Pleistocene, including, 1) slope 
upbuilding and progradation by deltaic sedimentation principally during sea-level low 
stands; 2) canyon cutting by sediment mass movements during and following sea-level 
low stands; and 3) sediment slumping. 
 
Sediments become progressively finer with increasing depth and distance from land, 
although in some areas submarine canyons channel coarser sediments onto the 
continental slope and rise. A “mud line” occurs on the slope at a depth of 250-300 m, 
below which fine silt and clay-size particles predominate. Localized coarse sediments and 
rock outcrops are found in and near canyon walls, and occasional boulders occur on the 
slope because of glacial rafting. Sand pockets may also be formed because of downslope 
movements. Gravity induced downslope movement is the dominant sedimentary process 
on the slope, and includes slumps, slides, debris flows, and turbidity currents, in order 
from thick cohesive movement to relatively nonviscous flow. Slumps may involve 
localized, short, down-slope movements by blocks of sediment. However, turbidity 
currents can transport sediments thousands of kilometers. 
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The slope is cut by at least 70 large canyons between Georges Bank and Cape Hatteras 
and numerous smaller canyons and gullies, many of which may feed into the larger 
canyon systems. Submarine canyons are not spaced evenly along the slope, but tend to 
decrease in areas of increasing slope gradient. Canyons form by erosion of the sediments 
and sedimentary rocks of the continental margin. They can be classed as high or low 
relief. Canyons with high relief that are deeply eroded into the continental margin may be 
U-shaped or V-shaped. 
 
Erosion by glaciers produces U-shaped canyons. These include canyons in Canadian 
waters in the glacially-eroded Northeast Channel that separates Georges Bank and the 
Scotian Shelf. These U-shaped canyons contain the following sediment types: 
 

 Glacial gravel (boulders, cobbles, pebbles) that was transported onto canyon rims, 
walls, and floors by glaciers and floating ice 

 Gravel (boulders, cobbles, pebbles) that was transported into canyons by glaciers 
and floating ice 

 Outcropping rocks exposed on canyon walls 
 Rock rubble on canyon walls and floor from rock falls 

 
Erosion by rivers, mass wasting, and turbidity currents produces V-shaped canyons. 
These include the Georges Bank canyons on the bank’s southern margin. These canyons 
did not experience direct glacial erosion because the glaciers terminated on the bank’s 
northern margin. These V-shaped canyons contain the following sediment types: 
 

 Gravel in canyons that was transported by floating ice 
 Outcropping rocks exposed on canyon walls 
 Rock rubble on canyon walls and floor from rock falls 
 Stiff Pleistocene clay exposed on canyon walls; burrowed by crabs and fish to 

form “pueblo villages”; burrowed clay can collapse to form rubble on canyon 
walls and floors 

 Veneer of modern sediment partly covering canyon walls  
 Modern sediment covering canyon floors  
 Modern sand transported onto the canyon floor from the shelf can be formed into 

bedforms by strong tidal currents in some canyons 
 
Canyons shallowly eroded into the continental margin are produced by erosion/mass 
wasting events such as slumping or landslides. These shallow canyons are found on the 
shelf edge and upper slope of the southern margin of Georges Bank. Shallow canyons are 
less likely than deep canyons to have a well-defined canyon axis and floor, and because 
their walls are not steep, they are less likely than deep canyons to have outcropping 
rocks. They may contain the following sediment types: 
 

 Gravel in canyons that was transported by floating ice 
 Veneer of modern sediment covering canyon walls 
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Inter-canyon areas on the southern margin of Georges Bank are gently sloping seabed 
between canyons on the continental slope. They are characterized by both erosional 
(mass wasting) and depositional processes. Sediment types include: 
 

 Gravel that was transported by floating ice 
 Modern sediment 

 
The continental shelf edge (shelf-slope break) represents a transition from a gently 
sloping shelf (1-2 degrees) to a somewhat steeper continental slope (3-6) degrees, and 
from coarser-grained shelf sediment to finer-grained upper slope sediment. Sediment 
types include: 
 

 Modern sediment 
 Gravel that was transported by floating ice 
 Pebble gravel substrate in areas where sandy sediment has been eroded. 

 
Canyons can alter the physical processes in the surrounding slope waters. Fluctuations in 
the velocities of the surface and internal tides can be large near the heads of the canyons, 
leading to enhanced mixing and sediment transport in the area. Shepard et al. (1979) 
concluded that the strong turbidity currents initiated in study canyons were responsible 
for enough sediment erosion and transport to maintain and modify those canyons. Since 
surface and internal tides are ubiquitous over the continental shelf and slope, it can be 
anticipated that these fluctuations are important for sedimentation processes in other 
canyons as well. In Lydonia Canyon, Butman et al. (1982) found that the dominant 
source of low frequency current variability was related to passage of warm core Gulf 
Stream rings rather than the atmospheric events that predominate on the shelf. 
 
The water masses of the Atlantic continental slope and rise are essentially the same as 
those of the North American Basin. Worthington (1976) divided the water column of the 
slope into three vertical layers: deepwater (colder than 4C), the thermocline (4 - 17C), 
and surface water (warmer than 17C). In the North American Basin, deepwater accounts 
for two-thirds of all the water, the thermocline for about one-quarter, and surface water 
the remainder. In the slope water north of Cape Hatteras, the only warm water occurs in 
the Gulf Stream and in seasonally influenced summer waters. The principal cold water 
mass in the region is the North Atlantic Deep Water. North Atlantic Deep Water is 
comprised of a mixture of five sources: Antarctic Bottom Water, Labrador Sea Water, 
Mediterranean Water, Denmark Strait Overflow Water, and Iceland-Scotland Overflow 
Water. The thermocline represents a straightforward water mass compared with either the 
deepwater or the surface water. Nearly 90% of all thermocline water comes from the 
water mass called the Western North Atlantic Water. This water mass is slightly less 
saline northeast of Cape Hatteras due to the influx of southward flowing Labrador 
Coastal Water. Seasonal variability in slope waters penetrates only the upper 200 m of 
the water column. 
 
In the winter months, cold temperatures and storm activity create a well-mixed layer 
down to about 100-150 m, but summer warming creates a seasonal thermocline overlain 
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by a surface layer of low density water. The seasonal thermocline, in combination with 
reduced storm activity in the summer, inhibits vertical mixing and reduces the upward 
transfer of nutrients into the photic zone. 
 
Two currents found on the slope, the Gulf Stream and Western Boundary Undercurrent, 
together represent one of the strongest low frequency horizontal flow systems in the 
world. Both currents have an important influence on slope waters. Warm and cold core 
rings that spin off the Gulf Stream are a persistent and ubiquitous feature of the northwest 
Atlantic Ocean. The Western Boundary Undercurrent flows to the southwest along the 
lower slope and continental rise in a stream about 50 km wide. The boundary current is 
associated with the spread of North Atlantic Deep Water, and it forms part of the 
generally westward flow found in slope water. North of Cape Hatteras it crosses under 
the Gulf Stream in a manner not yet completely understood. 
 
Shelf and slope waters of the northeast region are intermittently affected by the Gulf 
Stream. The Gulf Stream begins in the Gulf of Mexico and flows northeastward at an 
approximate rate of 1 m/s (2 knots), transporting warm waters north along the eastern 
coast of the United States, and then east towards the British Isles. Conditions and flow of 
the Gulf Stream are highly variable on time scales ranging from days to seasons. 
Intrusions from the Gulf Stream constitute the principal source of variability in slope 
waters off the northeastern shelf. 
 
The location of the Gulf Stream’s shoreward, western boundary is variable because of 
meanders and eddies. Gulf Stream eddies are formed when extended meanders enclose a 
parcel of seawater and pinch off. These eddies can be cyclonic, meaning they rotate 
counterclockwise and have a cold core formed by enclosed slope water (cold core ring), 
or anticyclonic, meaning they rotate clockwise and have a warm core of Sargasso Sea 
water (warm core ring). The rings are shaped like a funnel, wider at the top and narrower 
at the bottom, and can have depths of over 2000 m. They range in size from 
approximately 150 - 230 km in diameter. There are 35% more rings and meanders near 
Georges Bank than in the Mid-Atlantic region. A net transfer of water on and off the 
shelf may result from the interaction of rings and shelf waters. These warm or cold core 
rings maintain their identity for several months until they are reabsorbed by the Gulf 
Stream. The rings and the Gulf Stream itself have a great influence over oceanographic 
conditions all along the continental shelf. 
 
About seamounts 

6.2 Coral diversity and distribution 
Cold-water or deep-sea corals in the northwest Atlantic are a diverse assortment of three 
Anthozoan subclasses (see Figure 3 for a diagram of coral taxonomy). The subclass 
Hexacorallia (Zoantharia) includes the hard or stony corals (order Scleractinia), the 
subclass Antipatharia includes the black corals (order Antipatharia), and the subclass 
Octocorallia (Alcyonaria or octocorals) includes the true soft corals (order Alcyonacea) 
and sea pens (order Pennatulacea). Previous literature on northwest Atlantic deep-sea 
corals; e.g., Packer et al. (2007), listed several octocoral families under a third order, the 
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gorgonians or Gorgonacea (i.e., sea fans and sea whips). Those families have been moved 
to the order Alcyonacea. The following sections summarize distributional information 
about these corals, with a table listing all the corals found in the region (minus the black 
corals on the seamounts). 
 
Figure 3 – Deep-sea coral taxonomy for those taxa found in the northwest Atlantic.  
Note that the order Alcyonacea now includes families previously classified in the 
order Gorgonacea. 

 
 

6.2.1 Hard (stony) corals (Order Scleractinia) 

Cairns and Chapman (2001) list 16 species of stony corals from the Gulf of Maine and 
Georges Bank to Cape Hatteras (See also Cairns 1981).  Most of the stony corals in this 
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region are solitary organisms and one species, Astrangia poculata, can occur in very 
shallow water, at depths of only a few meters. 
 
Theroux and Wigley (1998) described the distribution of deep corals in the northwest 
Atlantic, based on samples taken from 1956-1965.  They often do not distinguish 
between taxonomic groups; e.g., stony corals such as Astrangia sp. and Flabellum sp. are 
lumped together with the various types of anemones in the subclass Zoantharia. The 
distributions of only the stony corals, specifically Astrangia, Dasmosmilia, and 
Flabellum, from the Theroux and Wigley (1998) database in the Gulf of Maine/Georges 
Bank, and Mid-Atlantic can be found in Packer et al. (2007). There appears to be a 
general lack of stony corals on Georges Bank, but they are present along the continental 
margin. They are found mostly on hard substrates. 
 
Moore et al. (2003, 2004) reported several species of solitary and colonial stony corals on 
Bear Seamount; one notable solitary species, Vaughanella margaritata, represents the 
first record of this species since its original description over 100 years ago, and is 
endemic to the northwest Atlantic (Cairns and Chapman 2001). Other recent expeditions 
to the New England and Corner Rise Seamounts have also found stony corals (Adkins et 
al. 2006; Watling et al. 2005, Shank et al. 2006). 
 
Further information on the distributions of stony corals off the northeastern U.S., 
including the submarine canyons and the four seamounts within the EEZ (Bear, Physalia, 
Mytilus, and Retriever) can be found in Packer et al (2007) and Table 42, below. 
 
Table 10 - Stony/hard corals of the Northeast Region 
Coral group  Species  Distribution on East Coast Depth Range (m) References 

Order 
Scleractinia, 
Family 
Caryophillidae 

Caryophyllia 
ambrosia 
ambrosia 
Alcock, 1898 

Cosmopolitan; found on 
Bear Seamount 

1487‐2286 Cairns and 
Chapman 2001; 
Moore et al. 2003 

Order 
Scleractinia, 
Family 
Caryophillidae 

Caryophyllia 
ambrosia 
caribbeana 
Cairns, 1979 

Endemic to western 
Atlantic 

183‐1646 Cairns and 
Chapman 2001 

Order 
Scleractinia, 
Family 
Caryophillidae 

Dasmosmilia 
lymani 
(Pourtales, 
1871) 

Cosmopolitan. Found on 
soft substrates. 
Continental slope south of 
New England, Lydonia 
Canyon, continental shelf 
between Baltimore and 
Hudson Canyons, in 
Baltimore Canyon, and 
between 100‐200 m on the 
shelf south of Hudson 
Canyon and in the head of 
Hudson Canyon 

37‐700 (the latter 
reported in Maciolek 
et al. 1987a) 

Hecker 1980; 
Hecker et al. 1983; 
Maciolek et al. 
1987a; Hecker 
1990; Cairns and 
Chapman 2001; V. 
Guida 
(unpublished data, 
NMFS James J. 
Howard Marine 
Sciences Lab, 
Highlands, NJ 

Order 
Scleractinia, 

Deltocyathus 
italicus 

Amphi‐Atlantic with a 
disjunct distribution 

403‐2634 Cairns and 
Chapman 2001 
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Coral group  Species  Distribution on East Coast Depth Range (m) References 

Family 
Caryophillidae 

(Michelotti, 
1838) 

Order 
Scleractinia, 
Family 
Caryophillidae 

Desmophyllum 
dianthus (Esper, 
1794) 

Cosmopolitan; outcrops 
and underhangs from 
1000‐1900 m. Outcrops of 
Corsair Canyon. Found in 
Heezen Canyon. Deeper 
parts of Lydonia Canyon. 
Boulders and outcrops in 
Oceanographer Canyon, 
650‐1600 m. On an 
outcrop near Hudson 
Canyon. Hendrickson 
Canyon6. Occasionally on 
axis of Norfolk Canyon. 
Continental slope on the 
southwestern edge of 
Georges Bank, between 
Veatch and Hydrographer 
Canyons; in the Mid‐
Atlantic on the slope 
between Lindenkohl 
Canyon on the south and 
Carteret Canyon on the 
north; in the Mid‐Atlantic 
on the slope bounded by 
Toms Canyon to the south 
and Meys Canyon to the 
north; Bear Seamount 

183‐2250. 
Hendrickson Canyon: 
Alvin dive 1119, 680‐
750; Alvin dive 1118 
from around 1350‐
1430; Alvin dive 1116 
around 1735‐2000 
(Hecker et al. 1983, p. 
126) 

Hecker 1980; 
Hecker and 
Blechschmidt 
1980; Hecker et al. 
1980, 1983; 
Malahoff et al. 
1982; Cairns and 
Chapman 2001; 
Moore et al. 2003 

Order 
Scleractinia, 
Family 
Caryophillidae 

Lophelia 
pertusa (L, 
1758) 

Cosmopolitan; west wall of 
Oceanographer Canyon at 
1100 m, dead rubble also 
found on wall at depths 
from 700‐1300 m; Bear 
Seamount 

146‐1200; 700‐1300  Hecker 1980; 
Hecker and 
Blechschmidt 
1980; Hecker et al. 
1980; Cairns and 
Chapman 2001; 
Moore et al. 2003 

Order 
Scleractinia, 
Family 
Caryophillidae 

Solenosmilia 
variabilis 
Duncan, 1873 

Cosmopolitan; Lydonia 
canyon; on the slope 
bounded by Toms Canyon 
to the south and Meys 

220‐1383; Hecker et 
al. 1983: Slope Area II 
Alvin dive 1118 axis 
and west wall of 

Hecker 1980; 
Hecker et al. 1983; 
Cairns and 
Chapman 2001; 

                                                 
 
6 Near the head of Hendrickson Canyon the sea floor and axis and most of east wall consists of a silty sediment with many burrows, 
several glacial erratics support this coral (Hecker et al 1983, p.126). West wall of Hendrickson Canyon has white Eocene cliffs with 
talus slopes at their bases – skeletons of D. dianthus are found there; in several areas horizontal crevices up to a meter deep and a 
few meters long indent the surface of the cliff; on the underhangs of these crevices this coral is found (Hecker et al 1983, p.126). 
Entire west wall between 1735‐2000 m consists of a series of massive Eocene outcrops. On a vertical plane the cliffs are separated 
by talus strewn ledges with a light sediment veneer. Horizontally, large fractures form small tributaries of steep talus floors. Both the 
terraces and tributaries are littered with D. dianthus skeletons. Underhangs of the cliffs support dense aggregations of live coral 
(Hecker et al 1983, p.126). 
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Coral group  Species  Distribution on East Coast Depth Range (m) References 

Canyon to the north, Slope 
Area II Alvin dive 1118 axis 
and west wall of 
Hendrickson Canyon on the 
underhangs of crevices of 
Eocene cliffs;  large colony 
recovered from east flank 
of Lydonia Canyon. Bear 
Seamount 

Hendrickson Canyon. 
From 1350‐1430 m 
white Eocene cliffs 
are found. In several 
areas horizontal 
crevices up to a 
meter deep and a few 
meters long indent 
the surface of the 
cliff; coral found on 
underhangs of these 
crevices (p. 126) 

Moore et al. 2004

Order 
Scleractinia, 
Family 
Caryophillidae 

Vaughanella 
margaritata 
(Jourdan, 1895) 

Endemic to northwestern 
Atlantic; Bear Seamount 

1267 Cairns and 
Chapman 2001; 
Moore et al. 2003 

Order 
Scleractinia, 
Family 
Dendrophylliidae 

Enallopsammia 
profunda 
(Pourtales, 
1867) 

Endemic to western 
Atlantic 

403‐1748 Cairns and 
Chapman 2001 

Order 
Scleractinia, 
Family 
Dendrophylliidae 

Enallopsammia 
rostrata 
(Pourtales, 
1878) 

Cosmopolitan; Bear 
Seamount 

300‐1646 Cairns and 
Chapman 2001; 
Moore et al. 2004 

Order 
Scleractinia, 
Family 
Flabellidae 

Flabellum 
alabastrum 
Moseley, 1873 

Amphi‐Atlantic with 
contiguous distribution. 
Bear Seamount. Canyons 
and slope from 600‐2500 
m. Seen in Corsair Canyon. 
Found in Heezen and 
Oceanographer Canyons 
on soft substrate. Seen on 
deep continental slope 
near Alvin Canyon. 
Hendrickson Canyon: Slope 
Area II Alvin dive 1118 axis 
and west wall (Hecker et al. 
1983). Found on slope 
south of Baltimore Canyon. 
Found in deeper parts of 
the continental slope south 
of Norfolk Canyon and in 
axis of Norfolk Canyon on 
soft substrate. Some may 
be F. angulare or F. 
moseleyi (the latter 
doubtful) 

347‐1977, 600‐2500; 
from 1350‐1430 m 
silty axis lower wall of 
Hendrickson Canyon 
(Slope Area II Alvin 
dive 1118, Hecker et 
al. 1983) 

Hecker 1980; 
Hecker and 
Blechschmidt 
1980; Hecker et al. 
1980, 1983; 
Maciolek et al. 
1987a; Cairns and 
Chapman 2001; 
Moore et al. 2003, 
2004 

Order 
Scleractinia, 

Flabellum 
angulare 

Amphi‐Atlantic with 
contiguous distribution; 

2266‐3186 Hecker 1980; 
Hecker and 
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Family 
Flabellidae 

Moseley, 1876  see also F. alabastrum Blechschmidt 
1980; Hecker et al. 
1980, 1983; Cairns 
and Chapman 
2001; Moore et al. 
2003 

Order 
Scleractinia, 
Family 
Flabellidae 

Flabellum 
macandrewi 
Gray, 1849 

Amphi‐Atlantic with 
contiguous distribution; 
see also F. alabastrum 

180‐667 Hecker 1980; 
Hecker and 
Blechschmidt 
1980; Hecker et al. 
1980, 1983; Cairns 
and Chapman 
2001; Moore et al. 
2003 

Order 
Scleractinia, 
Family 
Flabellidae 

Javania cailleti 
(Duch. & Mich., 
1864) 

Cosmopolitan; Lydonia 
Canyon, axis of 
Oceanographer Canyon 
between 935‐1220 m 

30‐1809 Hecker 1980; 
Hecker et al. 1983; 
Cairns and 
Chapman 2001 

Order 
Scleractinia, 
Family 
Fungiacyathidae 

Fungiacyathus 
fragilis Sars, 
1872 

Cosmopolitan 412‐460 Cairns and 
Chapman 2001 

Order 
Scleractinia, 
Family 
Rhizangiidae 

Astrangia 
poculata (Ellis & 
Solander, 1786) 

Endemic to western 
Atlantic 

0‐263 Theroux and 
Wigley 1998; 
Cairns and 
Chapman 2001 

 

6.2.2 Soft corals (Order Alcyonacea) 

About 29 species in 10 alcyonacean families were recorded for the northeastern U.S. 
shelf and slope north of Cape Hatteras and the seamounts within the EEZ.  Several 
families (Acanthogorgiidae, Paramuriceidae, Anthothelidae, Paragorgiidae, 
Chrysogorgiidae, Primnoidae, and Isiddae) are the best documented because of their 
larger sizes, as well as being most abundant in the deeper waters of the continental slope 
(Watling and Auster 2005).  Two species that are very numerous in nearshore records are 
Gersemia rubiformis and Alcyonium species (Watling and Auster 2005).  It should be 
noted that, for a variety of reasons, there is uncertainty about the accuracy of the 
identifications of species from these two orders from the various historical surveys 
(Watling and Auster 2005; Packer et al. 2007), so these identifications and surveys 
should be interpreted with caution. 
 
Theroux and Wigley (1998) found that true soft corals were present along the outer 
margin of the continental shelf and on the slope and rise, and were sparse and patchy in 
all areas, particularly in the northern section. They were not collected in samples taken at 
< 50 m in depth, and were most abundant between 200-500 m. Identified species include 
Acanella sp., Paragorgia arborea, Primnoa reseda [now resedaeformis, see Cairns and 
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Bayer (2005)], and Alcyonium sp. They were collected from gravel and rocky outcrops 
(Theroux and Wigley 1998). 
 
Watling and Auster (2005) noted two distinct distributional patterns for alcyonaceans.  
Most are deepwater species that occur at depths > 500 m; these include species in the 
genera Acanthogorgia, Acanella, Anthomastus, Anthothela, Clavularia, Lepidisis, 
Radicipes, and Swiftia.  Other species occur throughout shelf waters to the upper 
continental slope and include Paragorgia arborea, Primnoa resedaeformis, and species 
in the genus Paramuricea.  Paragorgia arborea was described by Wigley (1968) as a 
common component of the gravel fauna of the Gulf of Maine, while Theroux and 
Grosslein (1987) reported Primnoa resedaeformis, as well as Paragorgia arborea, to be 
common on the Northeast Peak of Georges Bank.  Both species are widespread in the 
North Atlantic (Tendal 1992); Primnoa resedaeformis has been reported south to off 
Virginia Beach, Virginia (37°03’N) (Heikoop et al. 2002). The majority of records for 
Acanthogorgia armata, Paragorgia arborea, and Primnoa resedaeformis in the Watling 
et al (2003) database come from Lydonia, Oceanographer, and Baltimore canyons. In 
addition, Primnoa resedaeformis was found throughout the Gulf of Maine and on the 
Northeast Peak of Georges Bank, affirming Theroux and Grosslein’s (1987) observations. 
 
Further information on the distributions of alcyonaceans off the northeastern U.S., 
including the submarine canyons and the four seamounts within the EEZ (Bear, Physalia, 
Mytilus, and Retriever) can be found in Packer et al. (2007); newer records from the 
seamounts, new species, and taxonomic changes are included in Table 11, below. 
 
Table 11 – Soft corals of the Northeast Region (includes those species previously identified as 
gorgonians). 
Coral group  Species  Distribution on East 

Coast 
Depth Range (m) References 

Order 
Alcyonacea, 
Family 
Acanthogorgiidae 

Acanthogorgia 
armata Verrill, 
1878  

Found in many 
canyons from 600‐
2500 m. Seen on 
boulders or outcrops 
in Corsair and 
Oceanographer 
Canyons; found in 
Lydonia and 
Oceanographer 
Canyons between 
400‐1299 m. Seen on 
deep continental 
slope near Alvin 
Canyon. Found on an 
outcrop near Hudson 
Canyon. Found at 350 
m in Baltimore 
Canyon. Occasionally 
in axis of Norfolk 
Canyon on exposed 
outcrops 

350‐1300, 600‐2500 Hecker and 
Blechschmidt 1980; 
Hecker et al. 1980; 
Opresko 1980; Malahoff 
et al. 1982; Watling and 
Auster 2005 
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Coast 

Depth Range (m) References 

Order 
Alcyonacea, 
Family 
Alcyoniidae 

Alcyonium 
digitatum 
Linné, 1758 

?  ? Watling and Auster 
2005 

Order 
Alcyonacea, 
Family 
Alcyoniidae 

Anthomastus 
agassizii 
Verrill, 1922  

Hard substrates from 
Corsair Canyon to 
Hudson Canyon from 
750‐1900 m; outcrops 
in Corsair Canyon; in 
Heezen Canyon.  
Found in depper parts 
of Lydonia Canyon. 
On boulders and 
outcrops in 
Oceanographer 
Canyon from 1057‐
1326 m. On deep 
continental slope near 
Alvin Canyon; on 
slope on the 
southwestern edge of 
Georges Bank, 
between Veatch and 
Hydrographer 
Canyons; in Mid‐
Atlantic on slope 
flanked by Lindenkohl 
Canyon to south and 
Carteret Canyon to 
north and on slope 
bounded by Toms 
Canyon to south and 
Meys Canyon to north 
(i.e. between 
Baltimore and Hudson 
Canyons), Slope Area 
II Alvin dives 1118, 
1116 axis and west 
wall Hendrickson 
Canyon on cliff faces 
(Hecker et al. 1983); 
Bear Seamount 

750‐1900; 
Hendrickson Canyon 
axis and west wall 
from about 1350‐
1430 m on cliff faces 
(Slope Area II Alvin 
dive 1118, Hecker et 
al. 1983). Entire west 
wall between 1735‐
2000 m consists of a 
series of massive 
Eocene outcrops. On 
a vertical plane the 
cliffs are separated 
by talus strewn 
ledges with a light 
sediment veneer. 
Horizontally, large 
fractures form small 
tributaries of steep 
talus floors. This coral 
found on the sheer 
cliff faces (Slope Area 
II Alvin dive 1116, 
Hecker et al. 1983) 

Hecker and 
Blechschmidt 1980; 
Hecker et al. 1980, 
1983; Opresko 1980; 
Valentine et al. 1980; 
Maciolek et al. 1987a; 
Hecker 1990; Moore et 
al. 2003; Watling and 
Auster 2005 
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Coral group  Species  Distribution on East 
Coast 

Depth Range (m) References 

Order 
Alcyonacea, 
Family 
Alcyoniidae 

Anthomastus 
grandiflorus 
Verrill, 1878  

Soft substrates, 
highest densities in 
canyons; found in 
Corsair, Heezen (west 
wall), Oceanographer 
Canyons; seen near 
Hudson Canyon, Toms 
Canyon, in Baltimore 
Canyon,  in axis of 
Norfolk Canyon. In 
the northern canyons 
found from 700‐1500 
m, southern canyons 
from 1500‐2200 m; as 
deep as 2600 m. 
Frequently seen 
where a species of 
Pennatula was also 
common 

700‐2600 Hecker and 
Blechschmidt 1980; 
Hecker et al. 1980; 
Opresko 1980; Watling 
and Auster 2005 

Order 
Alycyonacea, 
Family 
Anthothelidae 

Anthothela 
grandiflora 
(Sars, 1856)  

Lydonia, 
Oceanographer, 
Baltimore Canyons 

450‐1150 Hecker et al. 1980; 
Opresko 1980; Watling 
and Auster 2005 

Order 
Alycyonacea, 
Family 
Chrysogorgiidae 

Chrysogorgia 
agassizii 
(Verrill, 1883) 

Slope Area II Alvin 
dive 1116 axis and 
west wall of 
Hendrickson Canyon 
(Hecker et al. 1983); 
several individuals 
that may be C. 
agassizii found in the 
vicinity of Hudson 
Canyon. Genus also 
noted on Bear, 
Retriever Seamounts 
(Thoma et al. 2009) 

2150. Hendrickson 
Canyon: entire west 
wall between 1735‐
2000 m consists of a 
series of massive 
Eocene outcrops. On 
a vertical plane the 
cliffs are separated 
by talus strewn 
ledges with a light 
sediment veneer. 
This coral 
occasionally found on 
the terraces (Slope 
Area II Alvin dive 
1116, Hecker et al. 
1983, p. 126). Bear: 
1559, 1994–2031; 
Retriever: 3860 

Hecker et al. 1983; 
Watling and Auster 
2005; Thoma et al. 2009 
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Coral group  Species  Distribution on East 
Coast 

Depth Range (m) References 

Order 
Alycyonacea, 
Family 
Chrysogorgiidae 

Metallogorgia 
melanotrichos  
(Wright and 
Studer, 1889) 
 

Bear, Physalia, 
Retriever Seamounts. 
Genus also noted on 
Bear, Retriever by 
Thoma et al. 2009 

Bear: 1491, 1559, 
(Mosher and Watling 
2009);  
1559, 1639 (Thoma 
et al. 2009). 
Retriever: 1983, 2012 
(Thoma et al. 2009) 

Mosher and Watling 
2009; Thoma et al. 2009 

Order 
Alycyonacea, 
Family 
Chrysogorgiidae 

Iridogorgia 
pourtalesii 
Verrill, 1883 

?  ? Watling and Auster 
2005 

Order 
Alycyonacea, 
Family 
Chrysogorgiidae 

Radicipes 
gracilis (Verrill, 
1884) 

Genus noted on 
continental slope 
(38.5461, –70.7995) 
and on Bear 
Seamount by Thoma 
et al. 2009; species 
noted on Bear by 
Moore et al. 2004 

Continental slope: 
3000; Bear:  1431–
1464, 1428–1650 

Moore et al. 2004; 
Watling and Auster 
2005; Thoma et al. 2009 

Order 
Alcyonacea, 
Family 
Clavulariidae 

Clavularia 
modesta 
(Verrill, 1874) 

?  greater than 500 m? Watling and Auster 
2005 

Order 
Alcyonacea, 
Family 
Clavulariidae 

Clavularia rudis 
(Verrill, 1922) 

Found in axis of 
Heezen (1100 m), 
Lydonia (900 m), 
Oceanographer 
Canyons (750 and 900 
m) 

750‐1099 Hecker and 
Blechschmidt 1980; 
Hecker et al. 1980; 
Opresko 1980; Watling 
and Auster 2005 
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Coral group  Species  Distribution on East 
Coast 

Depth Range (m) References 

Order 
Alcyonacea, 
Family Isididae 

Acanella 
arbuscula 
(Johnson, 
1862) 

Found in Corsair, 
Heezen, 
Oceanographer 
Canyons; 
Oceanographer 
Canyon between 
1046‐1191 m; on 
deep continental 
slope near Alvin 
Canyon and just south 
of Baltimore Canyon; 
in Mid‐Atlantic on 
slope flanked by 
Lindenkohl Canyon to 
south and Carteret 
Canyon to north and 
on slope bounded by 
Toms Canyon to south 
and Meys Canyon to 
north; Slope Area II 
Alvin dive 1116 axis 
and west wall of 
Hendrickson Canyon 
(Hecker et al. 1983);  
continental slope 
south of New England 
off Georges Bank; 
seen on soft 
substrates from 600‐
1300 m depth in the 
north and 1500‐2000 
m depth in the south. 
Northern and 
southern forms may 
be different species. 
Genus noted in 
Gilbert Canyon, on 
continental slope 
(39.7807 –70.7091) 
and on Retriever 
Seamount by Thoma 
et al. 2009. Maciolek 
et al. 1987b: between 
Toms Canyon to the 
north and Wilmington 
Canyon to the south: 
38° 35.98N, 72° 
52.97W, prefer 
shallower flat ridges 

600‐2278. Gilbert 
Canyon:  2097; 
continental slope:  
1600; Retriever:  
2035, 2040. Maciolek 
et al. 1987b: peak in 
abundance of 0.3 
individuals per m2 
between 2000‐2150. 
Hendrickson Canyon: 
entire west wall 
between 1735‐2000 
m consists of a series 
of massive Eocene 
outcrops. On a 
vertical plane the 
cliffs are separated 
by talus strewn 
ledges with a light 
sediment veneer. 
This coral 
occasionally found on 
the terraces (Slope 
Area II Alvin dive 
1116, Hecker et al. 
1983, p. 126) 

Hecker and 
Blechschmidt 1980; 
Hecker et al 1980; 
Opresko 1980; Maciolek 
et al. 1987a, b; Hecker 
1990; Theroux and 
Wigley 1998; Watling 
and Auster 2005; Thoma 
et al 2009 
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Coral group  Species  Distribution on East 
Coast 

Depth Range (m) References 

Order 
Alcyonacea, 
Family Isididae 

Keratoisis grayi 
Wright, 1869 

Genus also found on 
Bear Seamount 

? Watling and Auster 
2005; Bear Seamount: 
Moore et al. 2004; Deep 
Atlantic Stepping Stones 
Science 
Team/IFE/URI/NOAA 

Order 
Alcyonacea, 
Family Isididae 

Lepidisis 
caryophyllia 
Verrill, 1883 

Bear Seamount? ? Moore et al. 2003; 
Watling and Auster 
2005 

Order 
Alcyonacea, 
Family 
Nephtheidae 

Duva florida 
(Rathke, 1806)  

Lydonia, 
Oceanographer, 
Baltimore Canyons, 
but only high 
abundances in 
Lydonia at 350‐1500 
m; axis of Heezen 
Canyon from 1100‐
1200 m; wall of 
Corsair Canyon from 
600‐1000 m; 
continental slope 
south of New England 
off Georges Bank 

350‐1500 Hecker and 
Blechschmidt 1980; 
Hecker et al. 1980; 
Opresko 1980; Maciolek 
et al. 1987a; Hecker 
1990; Watling and 
Auster 2005 

Order 
Alcyonacea, 
Family 
Nephtheidae 

Capnella 
glomerata 
(Verrill, 1869)   

Several individuals 
found in Lydonia 
Canyon 

200‐561 Hecker et al. 1980; 
Opresko 1980; Watling 
and Auster 2005 

Order 
Alcyonacea, 
Family 
Nephtheidae 

Gersemia 
fruticosa (Sars, 
1860) 

Near and in deep 
portion of Hudson 
Canyon around 2250‐
2500 m; at the mouth 
of Norfolk Canyon; 
seen near heads of 
Toms and Carteret 
Canyons (i.e., 
between Baltimore 
and Hudson Canyons). 
Southern part of 
study area at depths 
from 2300‐3100 m. 
Different form seen in 
Corsair and Heezen 
Canyons between 
600‐1200 m 

600‐3100 Hecker and 
Blechschmidt 1980; 
Opresko 1980; Watling 
and Auster 2005  

Order 
Alcyonacea, 
Family 
Nephtheidae 

Gersemia 
rubriformis 
(Ehrenberg, 
1934) 

?  ? Watling and Auster 
2005 
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Coral group  Species  Distribution on East 
Coast 

Depth Range (m) References 

Order 
Alcyonacea, 
Family 
Paragorgiidae 

Paragorgia 
arborea (Linné, 
1758)  

Gulf of Maine, 
Georges Bank, and 
Canyons [Lydonia 
(300‐900 m), 
Oceanographer (300‐
1100 m), axis of 
Baltimore (400 m, 500 
m), Norfolk (400‐600 
m)]; probably Bear 
Seamount 

300‐1100 Wigley 1968; Hecker 
and Blechschmidt 1980; 
Hecker et al. 1980; 
Opresko 1980; Theroux 
and Grosslein 1987; 
Theroux and Wigley 
1998; Moore et al. 
2003; Watling and 
Auster 2005  
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Coral group  Species  Distribution on East 
Coast 

Depth Range (m) References 

Order 
Alcyonacea, 
Family 
Plexauridae 

Paramuricea 
grandis Verrill, 
1883  

Gulf of Maine and 
canyons from Corsair 
to near Hudson 
Canyon between 750‐
2150 m. On wall and 
axis of Oceanographer 
Canyon on boulders 
and outcrops. Depths 
between 400‐1349 m 
in Lydonia and 
Oceanographer 
Canyons.  Seen from 
Corsair Canyon to 
near Hudson Canyon 
from 700‐2200 m on 
hard substrates.  
Outcrops in Corsair 
Canyon. Found in 
Heezen Canyon and 
deeper parts of 
Lydonia Canyon. Deep 
continental slope near 
Alvin Canyon; on 
slope on the 
southwestern edge of 
Georges Bank, 
between Veatch and 
Hydrographer 
Canyons; in Mid‐
Atlantic on slope 
flanked by Lindenkohl 
Canyon to south and 
Carteret Canyon to 
north and on slope 
bounded by Toms 
Canyon to south and 
Meys Canyon to 
north. Not seen in 
Norfolk Canyon. 
Genus also noted in 
Gulf of Maine, 
Oceanographer 
Canyon, and on Bear, 
Retriever Seamounts 
by Thoma et al. 2009  

400‐2200;Thoma et 
al 2009 Gulf of 
Maine: 220, 228, 241; 
Oceanographer 
Canyon:  814, 1078; 
Bear Seamount: 
1378–1431; Retriever 
Seamount: 1981, 
1984, 1985, 2040 

Hecker and 
Blechschmidt 1980; 
Hecker et al. 1980, 
1983; Opresko 1980; 
Valentine et al. 1980; 
Watling and Auster 
2005; Thoma et al 2009 

Order 
Alcyonacea, 
Family 
Plexauridae 

Paramuricea 
placomus 
(Linné, 1758)  

Gulf of Maine ? Watling and Auster 
2005 
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Coral group  Species  Distribution on East 
Coast 

Depth Range (m) References 

Order 
Alcyonacea, 
Family 
Plexauridae 

Paramuricea n. 
sp. 

?  ? Watling and Auster 
2005 

Order 
Alcyonacea, 
Family 
Plexauridae 

Swiftia casta 
(Verrill, 1883) 

Bear Seamount? ? Moore et al. 2003; 
Watling and Auster 
2005 

Order 
Alcyonacea, 
Family 
Primnodidae 

Narella laxa 
Deichmann, 
1936 

?  ? Watling and Auster 
2005 

Order 
Alcyonacea, 
Family 
Primnodidae 

Primnoa 
resedaeformis 
Gunnerus, 
1763) 

Gulf of Maine, 
Georges Bank, and 
Canyons [Lydonia 
(560 m), 
Oceanographer, 
Baltimore (450 m), 
Norfolk (400 m)]; 
south to off Virginia 
Beach, VA; probably 
Bear Seamount 

91‐548 Hecker and 
Blechschmidt 1980; 
Hecker et al. 1980, 
1983; Opresko 1980; 
Valentine et al. 1980; 
Theroux and Grosslein 
1987; Theroux and 
Wigley 1998; Moore et 
al. 2003; Cairns and 
Bayer 2005; Watling and 
Auster 2005; Heikoop et 
al. 2002  

Order 
Alcyonacea, 
Family 
Primnodidae 

Thouarella 
grasshoffi 
Cairns, 2006 

North Atlantic; 
Oceanographer 
Canyon, Manning and 
Bear Seamounts 
(probably common on 
seamounts) 

814–1458 m in North 
Atlantic (Cairns 2006) 

Watling and Auster 
2005 = Thouarella n. sp.; 
Cairns 2006, 2007 

Order 
Alcyonacea, 
Family 
Primnodidae 

Parastenella 
atlantica, new 
species 

Type Locality: 
Retriever Seamount, 
39o48.5454’N, 66 o 
14.9883’W. 23 May 
2004 

1984 Cairns 2007 

Order 
Alcyonacea, 
Family 
Primnodidae 

Calyptrophora 
antilla Bayer, 
2001 

Bear Seamount, 
39o53’42”N, 
66o23’07”W. 17 July 
2003 

1684 Cairns 2007 

Order 
Alcyonacea, 
Family 
Primnodidae 

Paranarella 
watlingi, new 
species 

Type locality: 
Retriever Seamount, 
39 o48.0754’N, 
66o14.9408’W. 23 
May 2004 

3855 Cairns 2007 
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6.2.3 Sea pens (Order Pennatulacea) 

Records of sea pens in are drawn from Smithsonian Institution collections and the Wigley 
and Theroux benthic database (Packer et al. 2007).  Nearly all materials from the former 
source were collected either by the U.S. Fish Commission (1881-1887) or for the Bureau 
of Land Management (BLM) by the Virginia Institute of Marine Sciences (1975-1977) 
and Battelle (1983-1986).  These latter collections heavily favor the continental slope 
fauna.  The Wigley and Theroux collections (1955-1974) were made as part of a regional 
survey of all benthic species (Theroux and Wigley 1998), heavily favoring the 
continental shelf fauna.  A list of 21 sea pen species representing ten families was 
compiled from these sources for the northeastern U.S.7  The majority of these species 
have been reported exclusively from continental slope depths (200-4300 m), although 
two uncommon species have been recorded from shallow depths (e.g., < 30 m) off the 
North Carolina coast. The most common and fairly widespread species found in this 
region in the deeper parts of the continental shelf (80-200 m) are Pennatula aculeata 
(common sea pen) and Stylatula elegans (white sea pen).  P. aculeata is common in the 
Gulf of Maine (Langton et al. 1990), and there are numerous records of Pennatula sp. on 
the outer continental shelf as far south as the Carolinas in the Theroux and Wigley 
database.  S. elegans is abundant on the Mid-Atlantic coast outer shelf (Theroux and 
Wigley 1998). 
 
Table 12 - Sea pens of the Northeast Region 
Coral group  Species  Distribution on East Coast Depth Range (m)  References

Order 
Pennatulacea, 
Family 
Anthoptilidae 

Anthoptilum 
grandiflorum 

Newfoundland to Bahamas 274‐36518 US NMNH 
collection, OBIS; 
Hecker and 
Blechschmidt 
1980; Opresko 
1980 

Order 
Pennatulacea, 
Family 
Anthoptilidae 

Anthoptilum 
murrayi 

Lydonia Canyon to Puerto 
Rico, Brazil (up to 75 cm in 
height; Pires et al 2009) 

430‐2491 (1538 m 
min in NE US) 

US NMNH 
collection, OBIS 

Order 
Pennatulacea, 
Family 
Anthoptilidae 

Benthoptilum 
sertum Verrill, 
1885 

North Carolina, near 
Roanoke Island; New Jersey 
near Hudson Canyon 

NC: 1542; NJ: 
1962 

US NMNH 
collection 

                                                 
 
7 An additional sea pen, Virgularia mirabilis (Müller, 1776), was mentioned in Hecker and Blechschmidt 
(1980): “Seven specimens of this sea pen were seen on the slope between Baltimore and Norfolk Canyons 
at depths from 1500 to 1800 meters.” It has been recorded in Europe and is said to occur in the western 
Atlantic, but this is the only mention of this species in these waters that we have been able to find. 
8 Hecker and Blechschmidt 1980 note that “six individuals of this species were seen in the northern region of the study area 
between depths of 900‐2200 m.” Opresko 1980: one at 1800 m off Cape Hatteras, three at 2150 m near Atlantis Canyon, six on wall 
of Heezen Canyon between 850‐1050 m. 
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Coral group  Species  Distribution on East Coast Depth Range (m)  References

Order 
Pennatulacea, 
Family 
Funiculinidae 

Funinculina 
armata Verrill, 
1879 

South of Nantucket Shoals, 
MA; Hudson Canyon; NJ, Hog 
Island, VA 

1538‐2601 US NMNH 
collection 

Order 
Pennatulacea, 
Family 
Halipteridae 

Halipteris 
(=Balticina) 
finmarchica 

Newfoundland to 
Massachusetts; Opresko 
1980: found near Atlantis 
Canyon and in Heezen 
Canyon (as Balticina) 

37‐2249 (229 m 
min in NE US) as 
Balticina9  

US NMNH 
collection as 
Balticina; Hecker 
and Blechschmidt 
1980 and Opresko 
1980 as Balticina; 
see Williams 1995 
for current 
taxonomy 

                                                 
 
9 Hecker and Blechschmidt 1980 note that “six individuals of this species were seen in the northern region of the study area 
between depths of 900‐2200 m.” Opresko 1980: near Atlantis Canyon and in Heezen Canyon between 900‐2200 m. Found as shallow 
as 360‐380 m off Nantucket Shoals and Martha’s Vineyard based on Smithsonian records, has been found off of Brown’s Ledge, off 
Newport R.I. at 23.8 m depth in 1880, and the NE edge of Georges Bank at 229 m by Verrill. 
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Coral group  Species  Distribution on East Coast Depth Range (m)  References

Order 
Pennatulacea, 
Family 
Kophobelemnidae 

Kophobelemnon 
stelliferum 

Newfoundland to South 
Carolina.  Hecker et al. 1980: 
Lydonia Canyon: soft 
substrates, in the axis and on 
the east wall. Opresko 1980:  
common on slope north of 
Baltimore Canyon, off Cape 
Hatteras, in Heezen and 
Corsair Canyons (Hecker et al 
1980). In Mid‐Atlantic was 
found on slope areas by 
Hecker et al (1983): Slope 
Area I was flanked by 
Lindenkohl Canyon on the 
south and Carteret Canyon 
on the north; Slope II was 
about 70 miles north of Slope 
I, and bounded by Toms 
Canyon to the south and 
Meys Canyon to the north. 
Further north Slope III, a 25 
mile wide section of the 
continental slope on the 
southwestern edge of 
Georges Bank, between 
Veatch and Hydrographer 
Canyons. Maciolek et al. 
1987b: between Toms 
Canyon to the north and 
Wilmington Canyon to the 
south: 38° 35.98N, 72° 
52.97W; highest densities in 
flat depressions 

393‐2350 (1330 m 
min in NE US)10 

US NMNH 
collection, OBIS; 
Hecker et al. 
1980, 1983; 
Opresko 1980; 
Maciolek et al. 
1987b 

Order 
Pennatulacea, 
Family 
Kophobelemnidae 

Kophobelemnon 
scabrum 

Nova Scotia to Virginia 1977‐2249 US NMNH 
collection 

Order 
Pennatulacea, 
Family 
Kophobelemnidae 

Kophobelemnon 
tenue 

Massachusetts to Virginia 2491‐4332 US NMNH 
collection 

                                                 
 
10 Hecker et al. 1980: found throughout study area at depths ranging from 1300‐1800 m; also seen at comparable depths in Hatteras 
Canyon region. Opresko 1980:  states known range from 215‐2369 m. Lydonia Canyon between 700‐800 m, common on slope north 
of Baltimore Canyon between 1550‐1800 m, also at 200 m north of Baltimore Canyon, between 1750‐1900 m off Cape Hatteras, 
between 1300‐1600 m in Heezen and Corsair Canyons. Hecker et al. 1983: found between 1510‐2060 m on Slope III; 1140‐2190 on 
Slope I; mostly 1460‐1540 m on muddy substrate with some gravel on Slope II. Maciolek et al. 1987b: became increasingly abundant 
below 2200 m. Found in highest densities between 2300‐2350 m. 
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Coral group  Species  Distribution on East Coast Depth Range (m)  References

Order 
Pennatulacea, 
Family 
Ombellulidae 

Ombellula 
guntheri 

Massachusetts to Virginia 2683‐3740 (3166 
m min in NE US) 

US NMNH 
collection 

Order 
Pennatulacea, 
Family 
Ombellulidae 

Ombellula 
lindahlii 

Massachusetts to the Virgin 
Islands 

549‐3338 (1538 m 
min in NE US) 

US NMNH 
collection, OBIS 

Order 
Pennatulacea, 
Family 
Pennatulidae 

Pennatula 
aculeata 

Newfoundland to Virginia, 
including submarine canyons 
(e.g., Lydonia, 
Oceanographer, Norfolk); on 
or around Bear Seamount 

119‐331611 US NMNH 
collection, OBIS. 
Hecker et al. 
1980, 1983; 
Hecker and 
Blechschmidt 
1980; Opresko 
1980; Moore et al. 
2004 

Order 
Pennatulacea, 
Family 
Pennatulidae 

Pennatula 
grandis 

New Jersey; Lydonia Canyon  1850‐2140; 
Hecker et al. 
1983: Lydonia 
Canyon Alvin dive 
1263 covered the 
lower east wall, 
axis, and west wall 
of the canyon 
between 933‐
1145 m; P. grandis 
found on floor of 
canyon axis 

US NMNH 
collection, OBIS; 
Hecker et al. 1983 

Order 
Pennatulacea, 
Family 
Pennatulidae 

Pennatula 
borealis 

Newfoundland to North 
Carolina 

219‐2295; has 
been found as 
shallow as 360‐
380 m off 
Nantucket Shoals 
and Martha’s 
Vineyard based on 
Smithsonian 
records 

US NMNH 
collection, OBIS 

                                                 
 
11 Hecker and Blechschmidt 1980 note that the genus is “found throughout the study area, but it appeared in high concentrations 
only in the canyons. It was found at shallow depths in the northern canyons (600‐1500 m) and deeper in the southern canyons 
(1500‐2400 m).” Quite common near head of Lydonia Canyon between 400‐600 m, soft substrates in the shallow axis and on the 
west wall; Hecker et al. 1983 reports high concentrations between 300‐450 or 550 m in the silty axis. Opresko 1980: exceptionally 
high concentrations 2150‐2300 m in axis of Norfolk Canyon; 1700‐1799 m in Oceanographer (deep part of axis), 350‐1375 in Lydonia. 
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Coral group  Species  Distribution on East Coast Depth Range (m)  References

Order 
Pennatulacea, 
Family 
Protoptilidae 

Distichoptilum 
gracile 

Nova Scotia to North 
Carolina. Near U.S. Canadian 
boundary, just south of 
Heezen Canyon on mud, 
middle/lower slope; lower 
slope south of western 
portion of Georges Bank 
(Maciolek et al. 1987a). 
Oceanographer Canyon: soft 
substrates, lower east wall 
and in the axis (Hecker et al 
1980). Lydonia Canyon: soft 
substrates, especially on east 
wall and axis (Hecker et al. 
1983). In Mid‐Atlantic was 
found on slope areas by 
Hecker et al, 1983: Slope 
Area I was flanked by 
Lindenkohl Canyon on the 
south and Carteret Canyon 
on the north; Slope II, was 
about 70 miles north of Slope 
I, and bounded by Toms 
Canyon to the south and 
Meys Canyon to the north. 
Also Baltimore Canyon. 
Further north Slope III, a 25 
mile wide section of the 
continental slope on the 
southwestern edge of 
Georges Bank, between 
Veatch and Hydrographer 
Canyons. Hecker et al. 1990: 
one of the dominant or 
common fauna/taxa of the 
lower continental slope 
south of New England 

Around 600‐2844 
(doubtful report 
at 59 m)12  

US NMNH 
collection, OBIS; 
Hecker et al 1980, 
1983; Opresko 
1980; Maciolek et 
al. 1987a; Hecker 
1990 

Order 
Pennatulacea, 
Family 
Protoptilidae 

Protoptilum 
aberrans 

Nova Scotia to Virginia 1483‐2359 US NMNH 
collection 

                                                 
 
12 Opresko 1980 reports might be found 600‐2500 m; Oceanographer and Lydonia Canyons between 1100‐1800 m. Hecker et al. 
1983: below 990 m in Lydonia, esp. 1000‐1500 m; dominant on east wall 1200‐1500 m, higher densities in axis at 1600 m. Found 
below 1200 m and common below 1600 m in Slope III; Slope I below 1330 m, mud bottom and especially below 1900 m; Slope II in 
Hendrickson Canyon 640 ‐1640 m and also common in “zone 4” between 1460‐1540 m and “zone 5” between 1510‐2290. Baltimore 
Canyon 1190‐2040 m; north flank dominant between 1500‐1700 m. 
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Coral group  Species  Distribution on East Coast Depth Range (m)  References

Order 
Pennatulacea, 
Family 
Protoptilidae 

Protoptilum 
carpenteri 

Massachusetts to North 
Carolina 

1334‐2194 US NMNH 
collection, OBIS 

Order 
Pennatulacea, 
Family Renillidae 

Renilla 
reniformis 
(Pallas, 1766) 

North Carolina to Patagonia 13‐73 off NC US NMNH 
collection 

Order 
Pennatulacea, 
Family 
Scleroptilidae 

Scleroptilum 
gracile 

Massachusetts to Virginia 2513‐4332 US NMNH 
collection 

Order 
Pennatulacea, 
Family 
Scleroptilidae 

Scleroptilum 
grandiflorum 

Massachusetts to North 
Carolina 

1502‐2505 US NMNH 
collection, OBIS 

Order 
Pennatulacea, 
Family 
Virgulariidae 

Stylatula 
elegans 

New York to Florida; noted in 
Baltimore Canyon (Hecker et 
al. (1980, 1983) and Lydonia 
Canyon (Opresko 1980); on 
continental shelf off NJ 
(Smithsonian collections) and 
near head of Hudson Canyon 
(V. Guida, unpublished data), 
in Mid‐Atlantic was found on 
two slope areas by Hecker et 
al 1983: Slope Area I was 
flanked by Lindenkohl 
Canyon on the south and 
Carteret Canyon on the 
north;  Slope II, was about 70 
miles north of Slope I, and 
bounded by Toms Canyon to 
the south and Meys Canyon 
to the north 

20‐812 (51 m min 
in NE US)13  

US NMNH 
collection, OBIS; 
Hecker et al. 
1980, 1983; 
Opresko 1980; V. 
Guida, 
(unpublished 
data, NMFS James 
J. Howard Marine 
Sciences Lab, 
Highlands, NJ) 

Order 
Pennatulacea, 
Family 
Virgulariidae 

Virgularia 
presbytes Bayer, 
1955 
 

NC to Brazil and Gulf of 
Mexico; US NMNH collection 
identified species only in NC, 
but genus found in MA, NJ, 
DE 
 

Species identified 
in NC: 25‐31; 
genus in MA: 942; 
NJ: 65‐91; DE: 84‐
85 with one 
specimen 360‐410 

US NMNH 
collection 

 

                                                 
 
13 Opresko 1980: one specimen found at about 600 m in Lydonia Canyon. Hecker et al 1983: high densities found 100‐300 m Slope II, 
200‐300 m Slope I, less in Baltimore Canyon at about 150‐300 m. 
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6.2.4 Black corals (Order Antipatharia) 

Add section 

6.3 Coral vulnerability to fishing impacts 
The following is a review of research studies concerned with the impacts of commercial 
fishing on deep water corals and coral reefs. The literature addresses several gear types as 
well as study locations. While the studies sites cover a variety of locations globally, the 
impacts of commercial fishing on the local corals and seafloor are virtually identical 
throughout the literature. The disturbances seen ranged from scarring left by trawl gear, 
to complete destruction of coral and stripping of the seafloor to underlying rock. The 
surviving coral in fished areas was often located on undesirable fishing terrain, or at 
depths not targeted by fishermen. 
 
The conclusions drawn by these studies are that commercial fishing gear damages deep-
sea corals. Trawling, specifically, is very detrimental to coral and the seafloor.  The level 
of damage between trawled and untrawled sites is large enough to conclude that fishing 
has a negative impact on both the corals and the associated fauna. The substrates of 
heavily fished areas have been stripped to bare rock or reduced to coral rubble and sand, 
whereas unfished and lightly fished areas did not see such degradation (Grehan et al 
2005). Passive gear, such as pots or longlines, while still affecting localized area of 
corals, were not as destructive as trawl gear. Coral mortality is markedly increased due to 
corals being crushed, buried and wounded by gear as it is dragged over the bottom (Fosså 
et al 2002). The degree of disturbance to the coral and seafloor ranges from lightly 
disturbed areas of overturned cobble with attached, living, coral, to complete stripping of 
the seafloor (Stone 2006). 
 
The deep water reefs attract fauna and promote areas of high diversity in an otherwise 
low diversity area. Fishermen have reported that as the damage to the reefs increase, 
areas that were once fertile fishing grounds have seen fewer successful fishing trips 
(Fosså et al 2002).  The fauna associated with corals are primarily “removed” along with 
the destruction of the coral substrate. 
 
While much of the coral on fishing grounds was damaged or destroyed there were areas 
that avoided contact. As stated previously, corals growing on steep slopes had a natural 
protection from commercial fishing gear as a slope >20 degrees cannot be trawled. Areas 
of higher three dimensional complexity were also relatively untouched, as these were 
avoided by the fishermen for fear of damage and loss of their gear. 
 
The studies have concluded that deep water corals are especially fragile and the greatest 
disturbance and destruction occurs at depths targeted by commercial fishing (Heifetz et al 
2009, Hall-Spencer et al 2002). Bottom contact gear is especially detrimental and there is 
a correlation between the highest rates of coral damage and the depths targeted by that 
industry in particular. Slow growth rates and reproductive processes that are so easily 
disrupted result in a timely recovery period of disturbed areas. 
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6.3.1 Study methods 

Each of the study sites was observed using some form of photographic or continuous 
video transects.  Several studies mapped the area using sidescan sonar (Wheeler et al 
2005, Fosså et al 2002) or multibeam sonar in conjunction with a deep camera system 
(Althaus et al 2009, Grehan et al 2005).  This technique allowed them to determine the 
damage caused by dragging gear over the seafloor. 
 
The logs of fishing trips, reports from fishermen, and other literature on fishing activities 
at each of the areas, were utilized by a number of the studies from each of the different 
regions (Althaus et al 2009, Koslow et al 2001, Heifetz et al 2009, Fosså et al 2002, 
Cryer et al 2002).  Anecdotal reports acted as a guide to further research areas, as well as 
providing information about to the history of fishing and practices in the area (Fosså et al 
2002). 
 
Samples were examined in three of the studies to determine the associated fauna in the 
area of the corals, as well as to assess the bycatch in commercial fisheries.  One study 
(Cryer et al 2002) used previously collected and stored samples from other research trips 
to determine fauna of the area.  Another (Hall-Spencer et al 2002) collected samples 
while accompanying two French trawlers on a fishing trip to examine commercial 
bycatch.  A third study (Koslow et al 2001) used dredge, drop line with hooks, and traps 
to sample benthic, as well as motile, fauna associated with the corals. 

6.3.2 Gear types evaluated 

In reviewing the research there was frequently a lack of adequate gear descriptions being 
examined by each study, however, three papers gave a general description of what gears 
are commonly employed in each of the fisheries, as well as the gear used for research.  
While gear descriptions can be found via other sources, the variety of gear types as well 
as techniques used to fish them leaves much to be inferred when the only description 
provided by the researcher is that a “trawl” was used.  A few studies were successful at 
providing gear descriptions, but the dimensions of gear size can vary and a universal 
description and size should not be assumed for all fishing effort with each gear type.  It 
appears that the gear could be lumped into categories, based on door size and net width 
for the example of trawls, however larger boats are most likely going to pull larger gear, 
in theory causing more damage. 
 
The best attempt at describing the gear associated with fishing impacts provided typical 
gear set up and use for deep water fishing using long-lines, gill nets, traps, and trawls.  It 
stated that for long-lines 85 hooks were typically set 3m apart on a line, and 100-120 
lines were often set out (averaging 8000-9600 hooks on 28-35km of line).  Gill nets in the 
industry were 50m long x 12m high.  These were worked in stings of 700 nets.  Trawls 
were usually fitted with rockhopper gear and held open by otter boards weighing around 
1000kg each, set at a distance of 60-70m apart.  The trawls are then towed for about 4 
hours at a around 5-8km/h (Grehan et al 2005). 
 
There was only one study (Cryer et al 2002) that gave a short description of the gear in 
use, observing that the trawl doors were set at about 40m apart, but when towing (at 5.0-
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5.4 km/h) the net had an effective width of around 25m.  It also mentioned the use of a 
“Florida Flyer” net (85mm mesh and 35mm mesh) set up between “Bison” doors being 
used in the trawl.  This at least provides a starting point for researching further 
descriptions of the gear used during the study. 
 
The gear used by two 38m commercial trawlers in another study (Hall-Spencer et al 
2002) was briefly described, stating that both boats used trawls with rockhopper gear and 
900kg otter boards, with the boards set at approximately 22m apart.  The speed was the 
same 4.5-5.5 km/h towing speed that appeared to be the general towing speed mentioned 
for fishing, or camera-towed research. 

6.3.3 Study Sites and Findings 

The research area of the studies can be broken down into larger regions.  Three of the 
studies took place in the southern Pacific Ocean.  Two of these (Althaus et al 2009, 
Koslow et al 2001) focused on seamounts south of Tasmania while the other (Cryer et al 
2002) examined the Bay of Plenty on the north shore of New Zealand. 
 
On the Tasmanian seamounts, areas that had never been trawled, or were lightly fished 
(determined via trip logs), were dominated by the coral Solenosmilia variabilis, making 
up 89-99% of coral cover in never trawled areas (Althaus et al 2009) as well as 
seamounts peaking below 1400m (Koslow et al 2001). It was found that active trawling 
at sites removed most, or all, of the coral and associated substrate, leaving bare rock in 
heavily trawled areas, and coral rubble and sand at the lower limits of fishing activity 
(Koslow et al 2001).  This was supported by photographic transects by Althaus et al 
(2009) showing coral in less than 2% of trawled areas. “Trawling ceased” areas, where 
trawling had effectively stopped 5-10 years earlier, showed coral in approximately 21% 
of the transects. This study also found a higher abundance of the faster growing hydroids 
colonizing cleared areas, smaller corals and octocorals, as well as noting whip-like 
chrysogorgiid corals which were flexible and could presumably bend and pass under the 
trawls. 
 
Two studies (Heifetz et al 2009, Stone 2006) were focused in the northern Pacific Ocean 
around the Aleutian Islands.  In these studies, longline gear was observed on 76% of 
transects, but were found to only result in 5% of the disturbed area. Trawling, on the 
other hand, was only seen at 28% of the transects, but disturbed 32.7% of the observed 
seafloor, indicating a relatively greater impact of trawls.  Overall, 22 of the 25 transects 
showed disturbance to the seafloor (approximately 39% disturbance) (Stone 2006). This 
was supported by the second study in this region (Heifetz et al 2009) with evidence of 
trawling, indicated by uniform parallel striations in the seafloor, seen on several dives. 
Damage caused by traps was not statistically significant between the fished and unfished 
areas at this site.  Both studies observed that the most damage done to corals and the 
seafloor occurred at depths where commercial fishing intensity was the highest (100-
200m), with higher population densities occurring at 200-300m. 
 
Four studies took place in the northeastern Atlantic Ocean. Two examined the corals on 
raised carbonate mounds off the western (Grehan et al 2005) and northern coasts 
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(Wheeler et al 2005) of Ireland.  The third (Hall-Spencer et al 2002) focused on the West 
Ireland continental shelf break, and the last study (Fosså et al 2002) dealt with deep water 
reefs in Norwegian waters. 
 
The observations made off the coasts of Ireland and Norway were both similar to, and 
supported, findings at the Aleutian Islands. Damage at the reefs (Lophelia pertusa) of 
Norway was most severe at shallower depths where commercial fishing primarily took 
place.  The continental shelf, at approximately 200-400m (below the highest levels of 
fishing), had the highest abundance of corals. These corals were intact and developed, 
whereas the shallower sites contained crushed coral and coral rubble, where damages 
were estimated at 30-50%. Accounts from local fishermen claim this is due to the fact 
that often the gear, chains, and otter doors of trawlers were used to crush and clear the 
seafloor prior to the start of fishing (Fosså et al 2002).   
 
Another study (Hall-Spencer et al 2002) found scars from trawl doors (indicated by 
parallel marks or furrows on the sea floor) that were up to 4km long, as well as coral 
rubble on trawled areas. Locations lacking observable trawl scars contain living, 
unbroken, L. pertusa.  These findings were observed at the site off the northern coast of 
Ireland (Wheeler et al 2005) as well. Trawl marks were located on side scan sonar 
records, and video showed parallel marks left by trawl doors, as well as the net and 
ground line gear, on the seafloor. The amount of dead coral and coral rubble increased at 
sites that were obviously trawled. 
 
The various study sites of Fosså et al (2002) presented a range of disturbance due to 
fishing. While the deeper water corals were intact and living at one site, almost all corals 
were crushed or dead at another. A third demonstrated multiple stages of coral 
degradation, from living to dead and crushed, as well as the base aggregate the reefs often 
form and grow on being crushed and spread out. The percent of damage to the area was 
correlated with the number of reports by the fishermen of fishing activity, bycatch, and 
corals in the area; ranging from 5-52% damaged. More of these reports from an area 
indicated a larger coral community at that location, and with that, higher proportions of 
the area were found to be damaged. 
 
Hall-Spencer et al (2002) also noted that fishermen avoided uneven ground due to the 
loss of time and money from resulting gear upkeep of tangled and damaged gear.  Areas 
of large coral bycatch were avoided in the future, as known trouble areas for the 
fishermen. Because of this only five of the 229 trawls in the study contained large 
amounts of coral bycatch. Thus, the areas where corals were present and undamaged 
tended to have a higher topographic complexity of the seafloor. 
 
The effect of seafloor topography on fishing and the resulting impact on corals was 
observed in a study site west of Ireland (Grehan et al 2005). While evidence of active 
trawling was seen, indicated by trawl scars in mud and non-coral habitat, there was no 
damage to corals on the mounds observed caused by fishing. This was due to the fact that 
the slope of the mounds where coral growth occurred was greater than 20 degrees. This 
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makes the terrain is too steep to trawl and the corals were naturally protected from the 
gear and relatively undamaged. 
 
One of the studies (Mortensen and Buhl-Mortensen 2004) examined the distribution of 
corals in the Northeast Channel in the Gulf of Maine. This site could be similar to the 
sites off of Ireland and Norway, however because of the distance and somewhat different 
environmental factors it was considered a separate region. This study was concerned with 
the distribution of corals relative to the benthic habitat. It found that the corals were 
located on the shelf break and along valleys. This habitat was subject to daily tidal water 
movement into and out of the Gulf of Maine, aiding in the regulation of temperature, 
salinity, and food supply. Similar water movement is found on seamounts and shelf 
breaks, as currents flow over the change in topography, providing the corals with a 
regulated area in which to grow (Thiem et al 2006; Pires et al 2009). 

6.3.4 Coral growth and recovery potential 

The approximate growth rates of deepwater corals have been calculated in several studies 
on different species of corals. Oculina reefs occur in waters off the east coast of Florida.  
By observing these corals at 6m and at 80m it was found that the corals found at the 
deepwater (80m) site grew relatively more quickly (16.1 mm/yr) than the same corals at 
the 6m site (11.3 mm/yr). When transplanted from 6m to 80m the coral polyps lost their 
zooxanthellae and fed off the food supply provided by the colder deep currents 
containing more nutrients (Reed 2002). 
 
Two studies done off Atlantic Canada worked at finding the growth rates for Primnoa 
resedaeformis. The corals were found at approximately 200-600m and were dated to 
2600-2920 years old ± 50-60 years using C14 dating techniques. Using the dated age and 
size of the colony (~0.5-0.75m in height) the average radial growth at the base of the 
coral was found to be 0.44 mm/yr and tip extension growth rates were around 1.5-2.5 
mm/yr (Risk et al 2002), slower than the estimated rate found for Oculina reefs. 
 
The difference in growth rates calculated in these studies can potentially be explained by 
the other study working with P. resedaeformis, as well as Paragorgia arborea. The 
height of colonies ranged from 5-180cm for P. arborea (averaging 57cm) and 5-80cm for 
P. resedaeformis (averaging 29.5cm). The maximum age of samples collected was 61 
years (found by counting annual growth rings under a dissecting microscope and x-ray 
examination). It estimated that the rate of growth for the first 30 years was around 1.8-2.2 
cm/yr. After the coral began to age (>30 years), growth slowed to 0.3-0.7 cm/yr.  This 
shows that initially the coral grows at a speed concurrent with the first study, and then 
dramatically slows to only a few millimeters a year, suggested by the second study 
(Mortensen and Buhl-Mortensen 2005). With a growth rate of, at most, a centimeter or 
two year, the complete destruction and clearing of the seafloor of corals can result in very 
long recovery time for both the coral, and associated fauna. 
 
Deep water coral reproduction is a subject that has not been the topic of research until 
recently. While the physiology of reproduction in corals has been studied, little is known 
about the process of timing involved and the survival of resulting offspring.  Studies 
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have, however, shown that many of the deep water corals have separate sexes (Brooke 
and Stone 2007; Roberts et al 2006; Waller et al 2002; Waller et al 2005). Brooke and 
Stone (2007) collected samples of corals (Stylaster, Errinopora, Distichopora, 
Cyclohelia, and Crypthelia) around the Aleutian Islands and discovered that the 
collection held a mix of females containing mature eggs, developing embryos, and 
planulae, males producing spermatozoa, and organisms with no reproductive material.  
As was pointed out the gametes within the collection were not synchronized which 
indicates that reproduction is either continuous, or prolonged during a certain season of 
the year (Brook and Stone 2007). 
 
Waller et al (2002) also found Fungiacyathus marenzelleri (collected from the Northeast 
Atlantic at 2200m) to be gonochoric, with a sex ratio of near 1:1. The fecundity of F. 
marenzelleri was calculated to be 2892 ± 44.4 oocytes per polyp. The mean diameter of 
oocytes did not vary significantly from month to month and all levels of sperm 
development were noted. The coral was thus considered quasi-continuous reproducers, 
with gametogenesis for spermacysts and oocytes occurring continuously as in Brooke and 
Stone (2007). An interesting finding of the study was that while F. marenzelleri has 
separate sexes, it can also undergo asexual reproduction and budding was present during 
the study. However, this was limited to no more than one bud found on any individual 
and no more than two individuals were found to bud at the same time (Waller et al 2002), 
not nearly the kind of reproductive rate to sustain a population in highly disturbed areas. 
 
Fecundity and reproductive traits for three other corals collected in the Northeast Atlantic 
were also determined in a study by Waller et al (2005). Caryophyllia ambrosia (collected 
from 1100-1300m), C. cornuformis (from 435-2000m), and C. seguenzae (from 960-
1900m) were all found to be cyclical hermaphroditic. The corals possessed both sexes but 
only one sex was dominant at a time, corals transitioning between sexes were seen in the 
study and labeled as “intermediates”. The fecundity of the corals was calculated at 200-
2750 oocytes per polyp for C. ambrosia, 52-940 oocytes per polyp for C. seguenzae and 
no data due to insufficient samples of C. cornuformis. As with the other studies there was 
no significant difference in the average number of oocytes per month and continuous 
reproduction is assumed for both C. ambrosia and C. cornuformis (Waller et al 2005). 
 
The effects of mechanical disturbance and trauma to the soft coral Gersemia rubiformis 
(collected from the Bay of Fundy) was examined in a lab setting by Henry et al (2003). In 
the study, eight colonies of soft coral, four control and four experimental, were set up in 
separate aquariums to determine damage and recovery rate of the organisms. The 
experimental colonies were rolled over and crushed every two weeks to simulate bottom 
contact trawling. Four days and one week after disturbance observations were recorded. It 
was found that crushing the corals caused retraction of the entire colony. Damaged tissue 
was repaired and healed between 18 and 21 days. The effect the crushing had on coral 
reproduction was surprising to the researchers. Thirteen days after the initial disturbance 
daughter colonies were seen forming at the base of the corals, and by the end of the 
experiment 100% of the corals had daughter colonies at one point during the study. The 
mortality rate of the juveniles was 100%, however, and no colonies survived past the 
polyp stage. Upon testing it was determined that these colonies were sexually derived, 
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and since they had been separated for the experiment it is assumed that the corals were 
brooding when collected, as they were not visibly fertile prior to the experiment. It should 
be noted that the control group did not have any daughter colonies during the experiment, 
and only after (when they were experimentally also crushed) did daughter colonies 
appear. It is thought that the reason for this was the expulsion of premature planulae 
(resulting in their ultimate death) due to stress placed on the coral and the need to allocate 
resources to repair damaged tissue. While adult G. rubiformis was able to withstand the 
mechanical rolling and crushing, the increased mortality of offspring due to ejecting 
premature planulae may have increased long term effects as the corals are repeatedly 
disturbed and not able to produce surviving offspring (Henry et al 2003). 
 
While the physiology of these corals has been recently studied, more research is needed 
to determine the ability of corals to recolonize disturbed areas.  Brooke and Stone (2007) 
concluded that a lightly impacted area would be able to recover via colony growth alone.  
However, heavily impacted areas, where the seafloor has been scoured and stripped of 
cover would require coral larvae to be dispersed via currents and settle the area again, 
which could be a slow, timely process. 

6.4 Managed resources and fisheries 
This section describes resources and fisheries expected to have a substantial degree of 
overlap with coral management areas under consideration in this amendment. 

6.4.1 Small mesh multispecies 

The Small Mesh Multispecies FMP includes silver, red, and offshore hake. Silver hake, 
or whiting, is the primary target species. Silver hake, red hake, and offshore hake were 
last assessed at the 51st Northeast Regional Stock Assessment Workshop held in 
November-December 2010 (NEFSC 2011). Northern and southern silver hake are 
assessed separately. While a formal analytical assessment was attempted, the model was 
deemed insufficient for use in providing management advice, due in part to questions 
about survey catchability across ages and years. Based on reference points updated 
during the assessment, the silver hake stocks are not overfished and overfishing is not 
occurring. The biomass reference point is based on catch per tow in the trawl survey, and 
the fishing mortality reference point is based on an exploitation index, i.e. fishery catch 
divided by the survey catch per tow biomass index.  
 
Red hake is managed as a component of the Northeast Multispecies FMP as two stocks. 
Northern and southern red hake are assessed separately. While a formal analytical 
assessment was attempted in 2010 (51st Stock Assessment Workshop, 2011), the model 
was deemed not sufficient for use in providing management advice. The biomass 
reference point is based on catch per tow in the trawl survey, and the fishing mortality 
reference point is based on an exploitation index, i.e. fishery catch divided by the survey 
catch per tow biomass index. Based on reference points updated during the assessment, 
neither of the stocks is overfished and overfishing is not occurring. 
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6.4.1.1 Biology, status, and overall distribution 

Silver hake (Merluccius bilinearis) occur throughout the Gulf of Maine and in moderate 
to deeper depths on Georges Bank and in the Mid-Atlantic Bight. In the NEFSC trawl 
survey, larger and older fish are found further north and in deeper waters, and smaller 
younger fish are found in relatively shallow waters (NEFSC 2006). Depth appears to be a 
more important determinant of silver hake distribution than temperature (NEFSC 2006). 
 
In terms of substrate associations, in the NEFSC trawl survey, catch rates increase from 
fine sand to silt to clay; and are generally higher in all these than on coarser substrates 
(Methratta and Link 2006). This conclusion is consistent with an analysis relating survey 
catches to bottom reflectance in the southwestern Gulf of Maine, where trawl catches 
were significantly negatively correlated with bottom reflectance (low reflectance = soft 
substrates) (Auster et al. 2001). Silver hake have been observed at high densities in mud 
habitats bordering deep boulder reefs, resting on boulder surfaces, and foraging over deep 
boulder reefs in the southwestern Gulf of Maine (Auster and Lindholm 2005). 
 
In terms of structural habitat feature associations, Auster et al. (1997) found that small 
silver hake (1.5-5 cm) in the Mid-Atlantic Bight were more abundant on silt-sand 
bottoms containing amphipod tubes at depths of 55 m. Steves and Cowen (2000) found 
amphipod tube mats to be associated with 0-group silver hake within the New York 
Bight. Auster et al. (2003) studied the small scale spatial distributions of both juvenile 
and adult silver hake within sand wave habitats and the diel patterns of habitat use on the 
southern side of Georges Bank and on Stellwagen Bank. Silver hake were not randomly 
distributed within sand wave habitats; there was a positive relationship between fish 
length and sand wave period. However, other factors, such as currents and available prey, 
may also influence their distribution in these habitats.  Fish were in direct contact with 
these sand wave habitats with greater frequency during the day, and fish were observed in 
social or co-operative foraging (polarized groups of fish swimming in linear formation) 
during the day and at dusk. At one site in the Mid-Atlantic Bight, silver hake (12.6-27.6 
cm) were found on flat sand, sand-wave crests, shell and biogenic depressions, but most 
often on flat sand (Auster et al. 1991). Silver hake were associated with particular 
microhabitats (e.g., sand-wave crests, biogenic depressions) at the 55 m site during the 
day but were randomly distributed during the night; this may be attributed to diel 
differences in feeding behavior (Auster et al. 1995). At the larger, regional scale within 
the New York Bight, juveniles showed high variability in abundance between stations in 
a study by Sullivan et al. (2000). 
 
Steves and Cowen (2000) also suggest that early settlement patterns of silver hake are 
cued to a narrow interaction of temperature and depth, with a subsequent broadening of 
habitat preference as juveniles grow and local physical regimes shift. Steves et al. (2000) 
found that age-0 silver hake showed some movement in depth between their settlement 
and nursery areas within the outer shelf of the New York Bight; also, settlement did not 
peak until bottom temperature was > 9ºC. 
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This species makes greater use of the water column (for feeding, at night) than other two 
hakes and avoids gravel, rocky habitats, preferring fine sediments and deeper water (>70 
m for adults). 
 
Silver hake eggs and larvae have been collected in all months on the continental shelf in 
U.S. waters, although the onset of spawning varies regionally (Bigelow and Schroeder 
1953; Marak and Colton 1961; Sauskan and Serebryakov 1968; Fahay 1974; Morse et al. 
1987; Waldron 1988; Berrien and Sibunka 1999). The primary spawning grounds most 
likely coincide with concentrations of ripe adults and newly spawned eggs. These 
grounds occur between Cape Cod, Massachusetts, and Montauk Point, New York (Fahay 
1974), on the southern and southeastern slope of Georges Bank (Sauskan 1964) and the 
area north of Cape Cod to Cape Ann, Massachusetts (Bigelow and Schroeder 1953). 
 
Spawning begins in January along the shelf and slope in the Mid-Atlantic Bight. During 
May, spawning proceeds north and east to Georges Bank. By June spawning spreads into 
the Gulf of Maine and continues to be centered on Georges Bank through summer. In 
October, spawning is centered in southern New England and by December is observed 
again along the shelf and slope in the Mid-Atlantic Bight. Peak spawning occurs from 
May to June in the southern stock and July to August in the northern stock (Klein-
MacPhee 2002). 
 
Variations in diet of silver hake are dependent upon size, sex, season, migration, 
spawning, and age with size having the most influence on diet. Silver hake larvae feed on 
planktonic organisms such as copepod larvae and younger copepodites. The diet of young 
silver hake consists of euphausiids, shrimp, amphipods, and decapods. All silver hake are 
ravenous piscivores that feed on smaller hake and other schooling fishes such as young 
herring, mackerel, menhaden, alewives, sand lance, or silversides, as well as crustaceans 
and squids. 
 
Red hake (Urophycis chuss) are found throughout the Gulf of Maine, on Georges Bank, 
and in the Mid-Atlantic Bight. They occur at a wide range of depths throughout the year, 
the juveniles in particular making seasonal migrations to follow preferred temperature 
ranges. Specifically, in the Mid-Atlantic Bight, the juveniles move into deeper waters in 
the fall, while on Georges Bank, they are found in shallower waters in fall and nearly 
absent in the spring, when they occur mostly on the northern edge. Overall, juveniles 
have a shallower distribution in the NEFSC trawl surveys, 0-30 m in spring and 40-80 m 
in fall, while adults are found between 60-300 m in spring, and 50-160 m in the fall. 
 
During the warmer months, red hake adults are most common in depths < 100 m; during 
colder months, they are most common in depths > 100 m. Fritz (1965) reported that they 
range from 30-370 m and that they are most common in the fall between 50-210 m. In the 
spring and fall, the adults remain in deeper water off the northern edge and southern flank 
of Georges Bank, and are found throughout the Gulf of Maine, especially the 
southwestern Gulf of Maine. Some adults move inshore in the Mid-Atlantic Bight in the 
spring, but do not exhibit the extensive seasonal migration as the juveniles do.  In the 
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Great South Channel, both life stages are mostly limited to depths >60 m; a few juveniles 
are found <60m in the fall. 
 
Shelter is a critical habitat requirement for juvenile red hake (Steiner et al. 1982). Newly 
settled juveniles occur in depressions on the open seabed (Able and Fahay 1998). Young 
of the year red hake are found in shallow coastal and estuarine habitats associated with 
eelgrass and macroalgae on mud and sand sediments (Lazzari et al. 2003). Older 
juveniles commonly associate with shelter or structure, including: live sea scallops 
(Placopecten magellanicus) where they can be found under the scallops on the sediment 
or within their open mantle cavity (Steiner et al. 1982; Garman 1983; Able and Fahay 
1998); Atlantic surfclam (Spisula solidissima) shells; seabed depressions made by larger 
fish or decapod crustaceans; moon snail egg case collars; anemone and polychaete tubes 
(Wicklund 1966; Ogren et al. 1968; Stanley 1971; Shepard et al. 1986); and submerged 
man-made objects, debris, and artificial reefs (Eklund 1988). Larger juveniles remain 
near scallop beds and other structures in coastal areas and embayments; later they join 
older fish in an offshore migration in the Mid-Atlantic Bight. 
 
Adult red hake prefer soft sediments over gravel or hard bottoms, and can also be found 
in the water column (Collette and Klein-MacPhee 2002; Gottschall et al. 2000). Similar 
to juveniles, adults are not common on open sandy bottom, and instead occur in 
depressions, which they either find or create themselves (Auster et al. 1991). Adults also 
inhabit inshore artificial reefs off New York during the summer (Ogren et al. 1968); 
Eklund (1988) reported that they were most abundant on natural and artificial reefs off 
Delaware-Virginia during April to May. 
 
Major red hake spawning areas occur on the southwestern part of Georges Bank and on 
the continental shelf off southern New England and eastern Long Island. Spawning adults 
and eggs are also common in the marine parts of most coastal bays between Narragansett 
Bay, Rhode Island, and Massachusetts Bay, but rarely in coastal areas to the south or 
north (Jury et al. 1994; Stone et al. 1994). Spawning begins earlier, around March, in the 
Mid-Atlantic Bight and later, around May or June, further north. Juveniles consume small 
benthic and pelagic crustaceans, as well as polychaete worms. Larger juveniles and adults 
consume mostly decapods and gadids, in addition to amphipods, euphausiids, squid, and 
other types of fish. Prey selection varies by season and according to the size of the hake. 
 
Offshore hake (Merluccius albidus) are found along the shelf/slope break. Their 
distribution in the Northeast US extends from the southeastern flank of Georges Bank to 
Cape Hatteras. At night, juveniles and adults are found in the water column. During the 
day, both life stages are found in mud, mud/sand, and sand habitats. As their common 
name implies, offshore hake have the deepest distribution of any of the four hake species 
managed by NEFMC. There is little information available on the reproductive biology of 
offshore hake. Spawning appears to occur over a protracted period or even continually 
throughout the year from the Scotian Shelf through the Mid-Atlantic Bight. Offshore 
hake feed on pelagic invertebrates, e.g. euphausiids and other shrimps, and pelagic fish, 
including conspecifics. 
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6.4.1.2 Fishery 

The silver, red, and offshore hake trawl fishery, commonly referred to as the whiting 
fishery, is managed under the Northeast Multispecies FMP via a series of exemptions to 
the regulations for large mesh stocks, including a 6.5 inch codend mesh size requirement 
used to limit catch of undersized groundfish. To be exempted from the minimum mesh 
size, the Northeast Multispecies FMP requires that a fishery should routinely catch less 
than 5% of regulated multispecies (i.e. large mesh species and ocean pout). The whiting 
fishery has a year-round trip limit for red hake and area restrictions on small-mesh use. 
Seasonally, the whiting fishery can operate within spatially-discrete exemption areas 
within the Gulf of Maine and Georges Bank regulated mesh areas (RMAs). Year-round, 
the fishery can also operate throughout the southern portion of the Georges Bank RMA, 
as well as throughout the Southern New England and Mid-Atlantic RMAs. The canyons 
and slope are part of the Southern New England/Southern GB exemption area. The Gulf 
of Maine coral zones are outside the discrete exemption areas and therefore are not 
accessible to the whiting fishery. 
 
In the SNE/Southern Georges Bank exemption area, possession limits for whiting and 
silver hake combined are 3,500 lb if codend mesh size is less than 2.5 in., 7,500 lb if 
mesh size is greater than 2.5 and less than 3.0 in., and 40,000 lb if mesh size is greater 
than or equal to 3.0 in. Various other stocks can be retained during these trips, including 
squid, mackerel, butterfish, Atlantic herring, summer flounder, spiny dogfish, monkfish, 
lobster, and skate, with various restrictions. Possession limits are the same in the Mid-
Atlantic exemption area. Vessels must have an open or limited access Northeast 
Multispecies permit to participate in the whiting fishery, but may not be fishing on a 
Northeast Multispecies DAS. Vessels that operate a VMS system must be declared out of 
the Northeast Multispecies fishery when fishing for whiting. 
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6.4.2 Atlantic mackerel, squid, and butterfish 

6.4.2.1 Biology, status, and overall distribution 

Mackerel (Scomber scombrus), butterfish (Peprilus triacanthus), and squid are schooling 
pelagic species that range from at least the Gulf of St. Lawrence south to at least Cape 
Lookout, North Carolina. Two squid species are managed, shortfin squid (Illex sp.) and 
longfin inshore squid (Doryteuthis (Amerigo) pealeii), which until recently was referred 
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to as Loligo pealeii. They follow seasonal migration patterns based largely on water 
temperature. Illex move offshore in spring, and inshore in the summer and fall. In 
contrast, longfin squid move offshore in the fall, and overwinter along the shelf break, 
returning inshore in spring. 
 
Squid are fast-growing, short-lived species, living about a year, while Atlantic mackerel 
grows more slowly with a maximum observed age of 17 years, with all fish reaching 
sexual maturity at age 3. Butterfish are intermediate in lifespan and growth rate, maturing 
at age 1 and typically living to age 3, rarely to 6 years. All are important prey species for 
other managed resources. 
 
In general, assessment of all four species has proven challenging and status 
determinations are often unknown or highly uncertain. Mackerel are managed as a single 
stock, and although technically classified as not overfished and overfishing not occurring, 
there was substantial uncertainty associated with the most recent assessment, conducted 
in 2010 by the Transboundary Resource Assessment Committee. The TRAC 
recommended management based on recent landings history, rather than on the basis of 
short term projections and characterization of the stock relative to specific reference 
points. 
 
Butterfish are also managed as a single stock. The most recent assessment in 2010 
questioned the 2004 reference points, and while it was agreed that overfishing was not 
likely to be occurring, the overfished status of butterfish was classified as unknown. A 
benchmark assessment of the stock is ongoing. 
 
A determination of overfished/overfishing status in Illex was not possible during the last 
assessment, which occurred in 2006. However, data updates provided by NEFSC indicate 
that catch indices and landings are within their typical ranges. Longfin squid were 
assessed more recently, and based on a new reference point, the stock was not overfished 
in 2009. An overfishing threshold was not recommended during this assessment, so an 
overfishing determination is not possible. 

6.4.2.2 Fishery 

The mackerel, squid, and butterfish fisheries are all managed by directly controlling 
harvest under an FMP developed by the Mid-Atlantic Council in 1983. The directed 
mackerel fishery can be closed when landings are projected to reach 95 percent of the 
total domestic harvest. The mackerel incidental catch fishery can be closed when 
landings are projected to reach 100 percent of the total domestic harvest. The directed 
longfin squid fishery is managed via trimester quota allocations and the directed fishery 
is closed when 90 percent of the trimester quota allocations or 95 percent of the total 
domestic harvest is projected to be landed. There is also a cap on butterfish discards in 
the longfin squid fishery that is allocated by trimester, and closes the longfin squid 
fishery to directed harvest once it has been exceeded. The directed Illex fishery closes 
when 95 percent of the total domestic harvest is projected to be landed. Finally, butterfish 
is managed using a phased system. The system triggers butterfish possession limit 
reductions at different points to ensure quota is available for directed harvest throughout 
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the fishing year. During closures of the directed longfin squid, Illex, or butterfish 
fisheries, incidental catch fisheries for these species are permitted. 
 
Although 1.5 percent of butterfish landed from 2007-2011 were reported as caught with 
gillnets, and trace amounts of these species were reported as caught with a variety of 
fishing gears, more than 98 percent of reported landings of all four species during this 
period were caught with otter trawls (midwater and bottom). Management measures 
implemented under the FMP restrict only the commercial fishing sectors, although there 
is a recreational fishery for Atlantic mackerel. Fishing for Atlantic mackerel occurs year-
round, although most fishing activity occurs from January through April. The Illex squid 
fishery occurs largely from June through October, although this can vary somewhat from 
year to year. In some years, the longfin squid fishery remains relatively consistent 
throughout the year, but in most years, landings peak during October through April. 
Butterfish are landed year-round, with no apparent seasonal patterns. 
 
Mackerel harvest has declined since about the mid-2000s and the fishery has harvested at 
most about 50% of the quota since that time. Butterfish had been landed domestically 
from the late 1800s, and in the 1960s and 1970s there was a substantial increase in catch, 
mostly by foreign vessels. After extended jurisdiction was implemented, domestic 
landings expanded but then declined in the 1990s due to lower abundance and market 
conditions. As of January 2013, a limited domestic fishery has been reestablished, 
although landings have been low so far. In general discards represent a significant 
fraction of the catch. 
 
Like butterfish, Illex were also subject to substantial foreign fishing from the 1960s to the 
1980s. Domestic harvest increased as foreign fishing mortality was reduced in the 1980s, 
and have remained between 10,000 and 20,000 mt per year since the mid-2000s. Longfin 
squid were fished domestically in the 1960s and 1970s, while foreign fishing occurred on 
this squid when they were offshore. An offshore U.S. fishery developed in the late 1980s. 
Currently, offshore fishing occurs between October and March and inshore fishing occurs 
from April through September. There has been a slight downward trend in longfin squid 
landings since the late 1980s, although 2011 and 2012 show an upward trend. 

6.4.3 Monkfish 

6.4.3.1 Biology, status, and overall distribution 

Juvenile and adult monkfish (Lophius americanus, also referred to as goosefish) are 
common and widespread in mud habitats throughout the Gulf of Maine, and in muddier 
and deeper (<50 m) shelf-slope waters from the Hague Line to Cape Hatteras. 
 
In broad scale surveys of the Gulf of Maine/Georges Bank/Northern Mid-Atlantic Bight 
region, monkfish remain in deep water during both fall and spring, and are generally 
associated with fine-grained sediments, i.e. silt and clay (Methratta and Link 2006). 
Pairwise comparisons showed monkfish biomass in kilograms per tow was lower in fine 
rock (granule-pebbles, 2-8 mm grain size) than in silt or clay. Results of more targeted 
bottom trawling in the southwestern Gulf of Maine on isolated mud bottom versus mud 
that is next to rocky bottom shows that monkfish were equally abundant (number/tow) in 
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both habitats, but adult fish on edge of structured habitat had more to eat and were in 
better condition (Smith et al 2008). The northern portion of the Western Gulf of Maine 
Closure Area was not found to be a good nursery area for juveniles: they were more 
abundant and had more to eat outside the closed area (Smith et al. 2008). 
 
Monkfish spawn between spring and early fall with a peak in May-June. Spawning 
occurs earlier in low latitudes and later in the northern part of their range. Their eggs are 
deposited in a veil, which remains in the surface currents for a few weeks before it 
disintegrates and the larvae hatch. Based on their size and shape, it appears that the egg 
veils are designed for surface current transport. Monkfish are opportunistic predators that 
feed on a wide variety of benthic and pelagic species, depending on availability. 
However, the major prey items of juveniles and adults are squid and fish. Juveniles 
consume silver hake and flounders, and adults eat a wide range of fish species. 
 
Monkfish north of Georges Bank and south of Georges Bank are managed separately, and 
both reference points and the assessment model were updated during the 2010 
assessment, with reference points further refined during the 2013 operational assessment. 
While the 2007, 2010, and 2013 assessments suggested that the stocks are not overfished 
and overfishing is not occurring, there are considerable uncertainties in many assessment 
inputs and outputs (NEFSC 2010; NEFSC 2013c). The 2011 biomass estimate for the 
northern component is well above the biomass threshold, and about 55 percent higher 
than the biomass estimated for 2006 (NEFSC 2013c). The 2013 stock assessment also 
emphasized a high degree of uncertainty, stating: “The assessment results continue to be 
uncertain due to cumulative effects of under-reported landings, unknown discards during 
the 1980s, uncertainty in survey indices, and incomplete understanding of key biological 
parameters such as age and growth, longevity, natural mortality and stock structure 
contributing to retrospective patterns primarily in the northern management area.” 
 
Relatively infrequent catches in various surveys contribute uncertainty to the assessment, 
although the new R/V Henry B. Bigelow catches more monkfish and covers the entire 
range of the species in U.S. waters (Richards et al. 2012, NEFSC 2010). Another issue is 
that the rate of mixing between the two populations is not well known (Richards et al. 
2012). There are also questions about monkfish growth and aging, commercial landings 
and discards, natural mortality rates, and sex ratios. Tagging studies are underway to 
investigate mixing, growth, and aging questions (some results presented in Richards et al. 
2012). 

6.4.3.2 Fishery 

Monkfish have a large, bony head and are harvested for their livers and the tender meat in 
their tails. During the early 1990s, fishermen and dealers in the monkfish fishery 
approached both the New England and Mid-Atlantic Councils with concerns about the 
increasing amount of small fish being landed, the increasing frequency of gear conflicts 
between monkfish vessels and those in other fisheries, and the expanding directed trawl 
fishery. In response, the Councils developed a joint FMP that was implemented in 1999. 
Since the implementation of the FMP, vessels are more commonly landing large, whole 
monkfish for export to Asian markets. 
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The monkfish fishery is managed jointly by the New England and Mid-Atlantic Fishery 
Management Councils in two management units, a Northern Management Area in the 
Gulf of Maine, the Great South Channel, and most of Georges Bank, and a Southern 
Management Area covering the southwest part of Georges Bank, Southern New England, 
and Mid-Atlantic waters. While scientific evidence for two biological stocks is uncertain, 
and additional research, including archival tagging, is ongoing, the fisheries in the two 
areas are clearly distinct. Stock assessments are done on the two areas separately to be 
able to support the management plan. The Northern Management Area monkfish fishery 
is closely integrated with the northeast multispecies fishery, and is primarily a trawl 
fishery, while the Southern Management Area fishery is primarily a gillnet fishery 
targeting monkfish almost exclusively. These differences have resulted in some 
differences in management measures, such as trip limits and DAS allocations, between 
the two areas. 
 
The fishery is primarily managed through the issuance of limited access permits, as well 
as days-at-sea (DAS) allocations, landing limits, and gear restrictions that differ in each 
fishery management area. Limited access monkfish vessels having a limited access 
groundfish permit are also required to comply with applicable Multispecies DAS and 
sector provisions or common pool regulations, depending on the vessel’s enrollment for a 
given fishing year. Mesh size regulations for trawls and gillnets are set to prevent the 
fishery from targeting small monkfish and catching groundfish when not on a 
Multispecies DAS. As a measure to reduce habitat impacts, regulations promulgated 
under Monkfish Amendment 2 require trawl vessels in the SFMA to use nets with roller 
gear with a diameter no larger than 6-inches14. Gulf of Mane may not use roller gear with 
a diameter larger than 12-inches. 
 
Monkfish are harvested primarily with bottom trawls and gillnets. Scallop dredges also 
catch monkfish, but in much smaller amounts. No other gear types account for more than 
trace landings of monkfish, and there is no recreational component to this fishery. 
Revenues have generally increased since the mid-1980s, peaking in 1999 and 2000, 
before declining through 2010. Vessels using trawls typically target monkfish along the 
continental shelf edge, next to canyons and in deeper water than vessels fishing with 
gillnets. 

6.4.4 Golden tilefish 

6.4.4.1 Biology, status, and overall distribution 

The golden tilefish (Lopholatilus chamaeleonticeps) is the largest and longest lived of all 
the tilefish species, and in U.S. waters ranges from Georges Bank to Key West, Florida, 
and throughout the Gulf of Mexico. Golden tilefish occupy a fairly restrictive band along 
the outer continental shelf and are most abundant in depths of 100-240 meters. 

                                                 
 
14 See Section 4.1.8.1 in Monkfish Amendment 2, 
http://www.nefmc.org/monk/planamen/final_planamen2.html) 
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Temperature may also constrain their range, as they are most abundant near the 15° C 
isotherm. Although this species occupies a variety of habitats, it is somewhat unique in 
that they create and modify existing vertical burrows in the sediment as their dominant 
habitat in U.S. waters. The most recent stock assessment, SAW 58, determined that 
tilefish is not overfished and overfishing is not occurring (NEFSC 2014). In addition, it 
was determined that the stock was rebuilt in 2012. 

6.4.4.2 Fishery 

The Tilefish FMP (implemented 2001) was developed by the Mid-Atlantic Council to 
implement management measures for the tilefish fishery north of the Virginia/North 
Carolina border intended to address the overfished status of the species. Amendment 1 to 
the Tilefish FMP, implemented in 2009, eliminated the limited access permit categories 
and adopted an IFQ program. Initially, thirteen allocation holders received quota share 
based primarily on historical participation in the fishery. All vessels landing tilefish are 
required to have an open access permit, which authorizes a vessel to land up to 500 lb. 
per trip. An IFQ allocation permit exempts the vessel from the possession limit. Each 
year, 95 percent of the total allowable landings are allocated to the IFQ fishery, and the 
remaining 5 percent is allocated to the incidental fishery. 
 
The commercial tilefish fishery is relatively small, with only a dozen vessels participating 
in the IFQ fishery. Tilefish are primarily caught with bottom longlines (98 percent of 
landings reported in the fishing vessel trip report database from 2007-2011), and 
approximately 1.8 percent of landings are associated with bottom otter trawls. There is a 
minimal recreational fishery for this species, with less than 8,300 lb. landed annually for 
the last 30 years. 

6.4.5 Deep-sea red crab 

6.4.5.1 Biology, status, and overall distribution 

In U.S. waters, deep-sea red crab (Chaceon quinquidens) occur in the Gulf of Maine, 
along the continental slope from Georges Bank to the Gulf of Mexico, and on the 
seamounts.  
 
There is limited information about red crab spawning locations and times. Erdman et al. 
(1991) suggested that the egg brooding period may be about nine months, at least for the 
Gulf of Mexico population, and larvae are hatched in the early spring there. There is no 
evidence of any restricted seasonality in spawning activity in any geographic region of 
the population, although a mid-winter peak is suggested as larval releases are reported to 
extend from January to June (Wigley et al. 1975; Haefner 1977; Lux et al. 1982; Erdman 
et al. 1991; Biesiot and Perry 1995). 
 
Based on laboratory observations, larvae probably consume zooplankton. Juveniles and 
adults are opportunistic feeders. Post-larval, benthic red crabs eat a wide variety of 
infaunal and epifaunal benthic invertebrates (e.g. bivalves) that they find in the silty 
sediment or pick off the seabed surface. Smaller red crabs eat sponges, hydroids, 
mollusks (gastropods and scaphopods), small polychaetes and crustaceans, and possibly 
tunicates. Larger crabs eat similar small benthic fauna and larger prey, such as demersal 
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and mid-water fish (Nezumia and myctophids), squid, and the relatively large, epibenthic, 
quill worm (Hyalinoecia artifex).They can also scavenge deadfalls (e.g., trawl discards) 
of fish and squid, as they are readily caught in traps with these as bait and eat them when 
held in aquaria. 
 
Deep-sea red crab is considered a data poor stock since they inhabit deep water, are rarely 
caught in the trawl survey, and there is little information about their life history. Only 
male red crabs are landed in the trap fishery, which is managed via the Atlantic Deep-Sea 
Red Crab FMP, implemented in 2002. The species is managed as a single stock, and red 
crabs in the Gulf of Maine are not included in reference point, biomass, or management 
calculations. Additional details are provided in the 2008 Data Poor Stocks Working 
Group Report (NEFSC 2009), which found that as of 2008, the stock status was 
unknown. 

6.4.5.2 Fishery 

There has been a small directed fishery off the coast of New England and in the Mid-
Atlantic for deep-sea red crab since the early 1970s. Though the size and intensity of this 
fishery has fluctuated, it has remained consistently small relative to more prominent New 
England fisheries such as groundfish, sea scallops, and lobster. In 1999, at the request of 
members of the red crab fishing industry, the Council began development of an FMP to 
prevent overfishing of the red crab resource and address a threat of overcapitalization of 
the red crab fishery. The FMP was implemented in 2002. 
 
The primary management control was to establish a limited access permit program for 
qualifying vessels with documented history in the fishery. Other measures included days-
at-sea limits, trip limits, gear restrictions, and limits on processing crabs at sea. 
Amendment 3 was implemented in 2011 to bring the FMP into compliance with the 
revised Magnuson-Stevens Act by implementing Annual Catch Limits and accountability 
measures. Amendment 3 also revised the management measures, by eliminating DAS and 
the vessel trip limit. 
 
The directed, limited access red crab fishery is a male-only fishery, that is currently 
managed with a “hard” quota (i.e., the fishery is closed when the quota is reached), gear 
restrictions, and limits on processing crabs at sea. Although there is an open access 
permit category, the small possession limit of 500 pounds per trip has kept this sector of 
the fishery very small. The directed red crab fishery is limited to using parlor-less crab 
pots, and is considered to have little, if any, incidental catch of other species. There is no 
known recreational fishery for deep-sea red crab. Landings of red crab varied somewhat 
before the implementation of the FMP, but have stabilized. All vessels with limited 
access permits now fish out of Fall River, Massachusetts. 

6.4.6 American lobster 

6.4.6.1 Biology, status, and overall distribution 

American lobsters (Homarus americanus) are benthic crustaceans that are found in U.S. 
waters from Maine to New Jersey inshore and Maine to North Carolina offshore. 
Lobsters tend to be solitary, territorial, and exhibit a relatively small home range of 5-10 
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square kilometers, although large mature lobsters living in offshore areas may migrate 
inshore seasonally to reproduce, and southern inshore lobsters may move to deeper areas 
to seek cooler temperatures on a seasonal or permanent basis. 
 
The 2009 lobster stock assessment assumed three distinct stocks, Gulf of Maine, Georges 
Bank, and Southern New England. However, the 2015 lobster stock assessment combines 
the Gulf of Maine and Georges Bank stocks for modeling purposes. This change was 
based partly on seasonal variations in the abundance and size of lobsters between the 
spring and fall surveys that indicate movement of lobsters between the two areas. 
Specifically, animals shift from the Gulf of Maine to Georges Bank between the spring 
and fall surveys. In addition, anecdotal evidence suggests an increased presence of v-
notched lobsters on Georges Bank, likely resulting from the seasonal migration between 
Georges Bank and the Gulf of Maine, where v-notching is mandatory. For these reasons, 
the Lobster Technical Committee recommended combining the Georges Bank and Gulf 
of Maine stocks for modeling purposes, which was supported by the review panel and 
ultimately adopted by the Atlantic States Marine Fisheries Commission’s American 
Lobster Board. 
 
The 2015 lobster stock assessment indicates that the SNE stock is overfished and at 
record low levels, while the GOM/GB stock is at record abundance (ASMFC American 
Lobster Stock Assessment Subcommittee 2015). While the assessment model indicates 
that neither the GOM/GB stock or the SNE stock is experiencing overfishing, the 
assessment report emphasizes that given the historically low biomass estimate for the 
SNE stock, the overfishing determination may be misleading and unreliable because the 
methods used to estimate fishing mortality are not designed for such an extreme situation. 

6.4.6.2 Fishery 

The lobster fishery is managed by the Atlantic States Marine Fisheries Commission, with 
measures developed by Lobster Conservation Management Teams specific to seven 
management areas. The most relevant areas to this action are Area 1 (inshore Gulf of 
Maine) and Area 3 (offshore Gulf of Maine, Georges Bank, and Mid-Atlantic Bight to the 
EEZ). Management measures include minimum and maximum sizes; trap limits and 
configuration requirements; prohibitions on possessing egg-bearing females or v-notched 
lobsters, lobster meat, or lobster parts; prohibitions on spearing lobsters; and limits on 
non-trap landings. Most landings coast-wide come from Area 1, and are taken with traps. 
Trawls and other commercial gears account for a small fraction of the commercial 
landings. Recreationally, lobsters are harvested with traps and by hand while SCUBA 
diving, but the magnitude of recreational landings is unknown. 
 
The Gulf of Maine fishery is prosecuted mainly with small, 22-42’ vessels that conduct 
day trips within about 12 miles of shore. There are some larger vessels that fish offshore 
in the Gulf of Maine. Maine vessels account for most of the fishing effort, and the 
number of traps fished increased substantially between 1993 and 2002, and has remained 
at over 3.5 million since then. Trap efforts in New Hampshire and Massachusetts are 
much smaller in magnitude compared to Maine; since 1989 effort in New Hampshire has 
increased and Gulf of Maine effort in Massachusetts has declined. 
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On Georges Bank, most of the effort is on multi-day trips taken using larger, 55-
75’vessels. There is day trip fishery in the Outer Cape Cod area. According to the 2009 
stock assessment, the number of traps fishing on Georges Bank is “not well 
characterized, due to a lack of mandatory reporting, and/or a lack of appropriate 
resolution in the reporting system” (ASMFC 2009, p 42). Data from Massachusetts, 
which constitutes a large fraction of the Georges Bank fishery, indicate that the number 
of traps remained relatively stable between 1994 and 2007. 
 
In Southern New England, there is a nearshore, small vessel day boat fleet as well as an 
offshore fleet that takes multi-day trips to the canyons along the edge of the continental 
shelf. 

6.4.7 Jonah crab 

6.4.7.1 Biology, status, and overall distribution 

 

6.4.7.2 Fishery 

 

6.5 Essential Fish Habitat 
Describe EFH designations along shelf/slope break and on seamounts, as well as 
overlapping coral areas in GOM. Base on pending OHA2 designations. 

6.6 Other species 
Other deep-water biological associates of corals that don’t fall into managed species 
category. 

6.7 Protected resources 
Will want to focus previous sections to be relevant to this action. 
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7 Environmental impacts of the alternatives 

7.1 Physical habitat and EFH 

7.2 Deep-sea corals 

7.3 Human communities and the fishery 

7.4 Protected resources 
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8 Cumulative effects analysis 
  



DRAFT 

Updated 8 July 2016  Page 144 

9 Compliance with the Magnuson Stevens Fishery Conservation and 
Management Act 
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10 Compliance with the National Environmental Policy Act 
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11 Relationship to other applicable laws 
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