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Amendment 1 to the Atlantic Herring FMP 
EFH Components 

 
Gear Effects Evaluation 

 

1.0 DESCRIPTION OF GEARS USED IN THE NORTHEAST U.S. 

1.1 DESCRIPTION OF GEARS USED IN THE HERRING FISHERY  
A complete description of the major gears utilized in the Atlantic herring fishery is provided in 
Section 7.4 of the Amendment 1 DSEIS document. 
 

1.2 BOTTOM TENDING MOBILE GEAR 
Otter Trawls 

Trawls are classified by their function, bag construction, or method of maintaining the mouth 
opening.  Function may be defined by the part of the water column where the trawl operates 
(e.g., bottom) or by the species that it targets (Hayes 1983).  There is a wide range of otter trawl 
types used in the NOAA Fisheries Northeast Region because of the diversity of fisheries 
prosecuted and bottom types encountered in the region (NREFHSC 2002).  The specific gear 
design used is often a result of the target species (whether they are found on or off the bottom) as 
well as the composition of the bottom (smooth versus rough and soft versus hard).  There are 
three components of the otter trawl that come in contact with the sea bottom: the doors, the 
ground cables and bridles which attach the doors to the wings of the net, and the sweep (or foot-
rope) which runs along the bottom of the net mouth.  Bottom trawls are towed at a variety of 
speeds, but average about 5.5 km/hr (3 knots or nmi/hr).  
 
The traditional otter board is a flat, rectangular wood structure with steel fittings and a steel 
“shoe” along the bottom that prevents the bottom of the door from damage and wear as it drags 
over the bottom.  Other types include the V type (steel), polyvalent (steel), oval (wood), and 
slotted spherical otter board (steel) (Sainsbury 1996).  It is the spreading action of the doors 
resulting from the angle at which they are mounted that creates the hydrodynamic forces needed 
to push them apart.  These forces also push them down towards the sea floor.  On fine grained 
sediments, the doors also function to create a silt cloud that aids in herding fish into the mouth of 
the net (Carr and Milliken 1998).  In shallow waters, lightweight doors are typically used to 
ensure that the doors and the net spread fully.  In these cases, light, foam filled doors can be used 
(Sainsbury 1996).  Vessels fishing large nets in deeper water require very large spreading forces 
from the doors.  In these cases, a 15 m2 (49 ft2) V-door weighing 640 kg (1480 lbs) can provide 9 
metric tons of spreading force (Sainsbury 1996). 
 
Steel cables are used to attach the doors to the wings of the net.  The ground cables run along the 
bottom from each door to two cables (the “bridle”) that diverge to attach to the top and bottom of 
the net wing.  The bottom portion of the bridle also contacts the bottom.  In New England, fixed 
rubber discs (“cookies”) or rollers are attached to the ground cables and lower bridle.  In general, 
bridles vary in length from 9 - 73 m (30 - 200 ft) while ground cables can be from 0 - 73 m (200 
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ft) depending upon bottom conditions and towing speed (Sainsbury 1996). The length of these 
cables can therefore increase the area swept by the trawl by as much as three-fold. 
 
On smooth bottoms, the sweep may be a steel cable weighted with chain, or may be merely rope 
wrapped with wire.  On rougher bottoms, rubber discs (“cookies”) or rollers are attached to the 
sweep to assist the trawl's passage over the bottom (Sainsbury 1996).  There are two main types 
of sweep used in smooth bottom in New England (Mirarchi 1998).  In the traditional chain 
sweep, loops of chain are suspended from a steel cable, with only 2 - 3 links of the chain 
touching bottom.  Contact of the chain with the bottom reduces the buoyancy of the trawl – 
which would otherwise be negatively buoyant – to the point where it skims along just a few 
inches above the bottom to catch species like squid and scup that swim slightly above the 
bottom.  The other type of sweep is heavier and is used on smooth bottom to catch flounder.  
Instead of a cable, rubber cookies stamped from automobile tires are attached to a heavy chain.  
This type of sweep is always in contact with the bottom.  Cookies vary in diameter from 1.5 - 6.5 
cm (4 - 16 in) and do not rotate (Carr and Milliken 1998).  
 
Roller sweeps and rockhoppers are used on irregular bottom (Carr and Milliken 1998).  Vertical 
rubber rollers rotate freely and are as large as 14.5 cm (36 in) in diameter.  In New England, the 
rollers have been largely replaced with "rockhopper" gear that uses larger fixed rollers and are 
designed to “hop” over rocks as large as 1 m in diameter.  Small rubber “spacer” discs are placed 
in between the larger rubber discs in both types of sweep.  Rockhopper gear is no longer used 
exclusively on hard bottom habitats, but is actually quite versatile and used in a variety of habitat 
types (NREFHSC 2002).  “Street-sweepers” were first used in Massachusetts in 1995, replacing 
heavier rockhopper gear, and consist of circular brushes up to 12.5 cm (31 in) in diameter.  They 
are lighter than rubber rockhopper gear and can probably fish much rougher bottom than other 
sweep designs (Carr and Milliken 1998). 
 
Flatfish are primarily targeted with a mid-range mesh flat net that has more ground rigging and is 
designed to get the fish up off the bottom.  A high-rise or fly net with larger mesh is used to 
catch demersal fish that rise higher off the bottom than flatfish (NREFHSC 2002).  Crabs, 
scallops, and lobsters are also harvested in large mesh bottom trawls. 
 
Small mesh bottom trawls are used to capture northern and southern shrimp, silver hake, 
butterfish, and squid and usually employ a light chain sweep.  Small mesh trawls are designed, 
rigged, and used differently than large mesh fish trawls.  Bottom trawls used to catch northern 
shrimp in the Gulf of Maine, for example, are smaller than most fish trawls and are towed at 
slower speeds (< 2 knots versus 4 knots or so for a fish trawl).  Footropes range in length from 
12 m to over 30 m (40 - 100 ft), but most are 15 to 27 m (50 - 90 ft).  Because shrimp inhabit 
flatter bottom than many fish do, roller gears tend to be smaller in diameter on shrimp nets 
because they are not towed over rough bottom (Schick, pers. comm.).  Because shrimp cannot be 
herded in the same manner as fish, footropes on shrimp trawls are bare (no cookies) and are 
limited to 27 m (90 ft) in length (Schick, pers. comm.).  Northern shrimp trawls are also 
equipped with Nordmore grates in the funnel of the net to reduce the bycatch of groundfish.  
Southern shrimp trawlers that catch brown and white shrimp typically tow two to four small 
trawls from large booms extended from each side of the vessel (DeAlteris 1998).  Northern 
shrimp trawlers tow a single net astern.  
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The raised-footrope trawl was designed especially for fishing for silver hake, red hake, and 
dogfish.  It was designed to provide vessels with a means of continuing to fish for small mesh 
species without catching groundfish.  In this type of trawl, 1 m (42 in) long chains connect the 
sweep to the footrope, which results in the trawl fishing about 0.45 - 0.6 m (1.5 - 2 ft) above the 
bottom (Carr and Milliken 1998).  The raised footrope and net allows complete flatfish 
escapement, and theoretically travels over codfish and other groundfish (silver hake and red hake 
tend to swim slightly above the other groundfish).  Although the doors of the trawl still ride on 
the bottom, Carr and Milliken (1998) report that studies have confirmed that the raised footrope 
sweep has much less contact with the sea floor than does the traditional cookie sweep that it 
replaces. 
 
An important consideration in understanding the relative effects of different otter trawl 
configurations is their weight in water relative to their weight in air.  Rockhopper gear is not the 
heaviest type of ground gear used in this region since it loses 80% of its weight in water [i.e., a 
rockhopper sweep that weighs 1000 pounds on land may only weigh 200 pounds in water; 
NREFHSC (2002)].  Streetsweeper gear is much heavier in the water due to the use of steel cores 
in the brush components.  Plastic-based gear has the smallest weight in water to weight in air 
ratio (approximately 5%) (NREFHSC 2002).  For the same reasons, steel doors are much heavier 
in water than wooden doors (Mirarchi 1998). 
 
Hydraulic Clam Dredges 

Hydraulic clam dredges have been used in the surfclam (Spisula solidissima) fishery for over 
five decades and in the ocean quahog (Arctica islandica) fishery since its inception in the early 
1970s.  These dredges are highly sophisticated and are designed to: 1) be extremely efficient (80 
- 95% capture rate); 2) produce a very low bycatch of other species; and 3) retain very few 
undersized clams (NREFHSC 2002). 
 
The typical dredge is 3.7 m (12 ft) wide and about 6.7 m (22 ft) long and uses pressurized water 
jets to wash clams out of the seafloor.  Towing speed at the start of the tow is about 4.5 km/hr 
(2.5 knots or nmi/hr) and declines as the dredge accumulates clams.  The dredge is retrieved once 
the vessel speed drops below about 3 km/hr (1.5 knots), which can be only a few minutes in very 
dense beds.  However, a typical tow lasts about 15 min.  The water jets penetrate the sediment in 
front of the dredge to a depth of about 20 - 25 cm (8 - 10 in), depending on the type of sediment 
and the water pressure.  The water pressure that is required to fluidize the sediment varies from 
50 pounds per square inch (psi) in coarse sand to 110 psi in finer sediments.  The objective is to 
use as little water as possible since too much pressure will blow sediment into the clams and 
reduce product quality.  The “knife” (or “cutting bar”) on the leading bottom edge of the dredge 
opening is 14 cm (5.5 in) deep for surfclams and 8.9 cm (3.5 in) for ocean quahogs.  The knife 
“picks up” clams that have been separated from the sediment and guides them into the body of 
the dredge (“the cage”).  If the knife size is not appropriate, clams can be cut and broken, 
resulting in significant mortality of clams left on the bottom.  The downward pressure created by 
the runners on the dredge is about 1 psi (NREFHSC 2002).  
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The high water pressure associated with the hydraulic dredge can cause damage to the flora and 
fauna associated with bottom habitats.  However, water pressure greater than that required for 
harvesting will reduce the quality of the clams by loading them with sand and increase the rate of 
clam breakage.  Therefore, higher and more damaging water pressures are usually not used. 
 
Before 1990, two types of hydraulic dredges were common in the fishery, stern rig dredges and 
side rig dredges.  A side rig dredge has a chain bag that drags behind the dredge and smoothes 
out the trench created by the dredge.  The chain bag results in significantly more damage to small 
clams and other bycatch than occurs with the stern rig dredge.  Currently, most of the dredges in 
the fishery are stern rig dredges, which are giant sieves.  Small clams and bycatch fall through 
the bottom of the cage into the trench and damage or injury to benthic organisms is minimal.  
Improvements in gear efficiency have reduced bottom time and helped to confine the harvest of 
surfclams to a relatively small area in the Mid-Atlantic Bight (NREFHSC 2002). 
 
Hydraulic clam dredges can be operated in areas of large grain sand, fine sand, sand and small 
grain gravel, sand and small amounts of mud, and sand and very small amounts of clay.  Most 
tows are made in large grain sand.  These dredges do not operate properly in clay, mud, pebbles, 
rocks, coral, large gravel greater than one-half inch, or seagrass beds (NREFHSC 2002).  
 
In the softshell clam (Mya arenaria) fishery, the dredge manifold and blade are located just 
forward of an escalator, or conveyor belt, that carries the clams to the deck of the vessel. These 
vessels are restricted to water depths less than one-half the length of the escalator and are 
typically operated from 15 m (49 ft) vessels in water depths of 2 - 6 m (6.6 - 20 ft) (DeAlteris 
1998).  The escalator dredge is not managed under federal fishery management plans.  A 
variation of this type of dredge, the suction dredge, is used in Europe to harvest several bivalve 
species.  Sediment and clams that are dislodged by water pressure are sucked through a hose to 
the vessel.  These dredges are also restricted to shallow water. 
 
Sea Scallop Dredges  

The New Bedford scallop dredge is the primary gear used in the Georges Bank and Mid-Atlantic 
sea scallop (Placopecten magellanicus) fishery and is very different than dredges utilized in 
Europe and the Pacific because it is a toothless dredge.  
 
The forward edge of the New Bedford dredge includes the cutting bar, which rides above the 
surface of the substrate, creating turbulence that stirs up the substrate and kicks objects  
(including scallops) up from the surface of the substrate into the bag.  Shoes on the cutting bar 
are in contact with and ride along the substrate surface (NREFHSC 2002).  A sweep chain is 
attached to each shoe and attaches to the bottom of the ring bag  (Smolowitz 1998).  The bag is 
made up of metal rings with chafing gear on the bottom and twine mesh on the top, and drags on 
the substrate when fished.  Tickler chains run from side to side between the frame and the ring 
bag and, in hard bottom scalloping, a series of rock chains run from front to back to prevent large 
rocks from getting into the bag (Smolowitz 1998).  New Bedford dredges are typically 4.3 m (14 
ft) wide; two of them are towed by a single vessel at speeds of 4 - 5 knots.  New Bedford dredges 
used along the Maine coast are smaller.  Towing times are highly variable, depending on how 
many marketable sized scallops are on the bottom and the location. 
 



APPENDIX VI  Herring Gear Effects Evaluation 5

In the northeast region, scallop dredges are used in high- and low-energy sand environments, and 
high-energy gravel environments.  Although gravel exists in low-energy environments of 
deepwater banks and ridges in the Gulf of Maine, the fishery is not prosecuted there (NREFHSC 
2002). 
 
The leading edge of scallop dredges used in Europe, Australia, and New Zealand to catch other 
species of scallop that “dig” into the bottom have teeth that dig into the substrate.  This type of 
dredge is used by smaller vessels that are not able to tow a non-toothed dredge fast enough (4 - 5 
knots) to fish effectively (NREFHSC 2002).  Some of the European scallop dredges are spring-
loaded so that the cutting bar flexes backward when it contacts a hard object on the bottom, then 
springs back when the dredge passes over the obstacle.  These dredges are approximately 0.75 m 
(2.5 ft) wide and may be fished in gangs of three to nine dredges on either side of the vessel 
(Kaiser et al. 1996a).  A typical tooth bar bears nine teeth, 11 cm (4.3 in) long, spaced about 8 
cm (3 in) apart.  French dredges, 2 m (6.6 ft) wide, are not spring-loaded and generally are fished 
on cleaner ground.  They are fitted with a diving vane to improve penetration of the bottom.  
Scallop dredges used in Australia and New Zealand are heavy, rigid, wire mesh “boxes” that do 
not have a chain bag (McLoughlin et al. 1991).  A very limited amount of scallop dredging with 
toothed dredges (e.g., the “Digby” dredge) takes place along the U.S. and Canadian coast of the 
Gulf of Maine. 
 
Other Non-Hydraulic Dredges 

Quahog Dredge 
Mahogany quahogs (same species, Arctica islandica, as harvested in the Mid-Atlantic) are 
harvested in eastern Maine coastal waters using a dredge that is essentially a large metal cage on 
skis with 15 cm (6 in) long teeth projecting at an angle off the leading bottom edge (Thayer, pers. 
comm.).  Maine state regulations limit the length of the cutter bar to 91 cm (36 in).  The teeth 
rake the bottom and lift the quahogs into the cage.  This fishery takes place in small areas of sand 
and sandy mud found among bedrock outcroppings in depths of 9 to > 76 m (30 - 250 ft) in state 
and federal coastal waters north of 43o20' N latitude.  These dredges are used on smaller boats, 
about 9 - 12 m long (30 - 40 ft) and are pulled through the seabed using the boat’s engine 
(NREFHSC 2002).  This dredging activity is managed under a federal fishery management plan. 

Oyster or Crab Dredge/Scrape/Mussel Dredge   
The oyster dredge is a toothed dredge consisting of a steel frame 0.5 - 2.0 m (1.6 - 6.6 ft) in 
width, a tow chain or wire attached to the frame, and a bag to collect the catch.  The bag is 
constructed of rings and chain-links on the bottom to reduce the abrasive effects of the seabed, 
and twine or webbing on top.  The dredge is towed slowly (< 1 m/sec) in circles, from vessels 7 - 
30 m (23 - 98 ft) in length (DeAlteris 1998).  Crabs are harvested with dredges similar to oyster 
dredges.  Stern-rig dredge boats [approximately 15 m (49') in length] tow two dredges in tandem 
from a single chain warp.  The dredges are equipped with 10 cm (4 in) long teeth that rake the 
crabs out of the bottom (DeAlteris 1998).  The toothed dredge is also used for harvesting mussels 
(Hayes 1983).  These dredging activities are not managed under federal fishery management 
plans. 
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Bay Scallop Dredge 
Bay scallops usually reside on the bottom.  The bay scallop dredge may be 1 - 1.5 m (3.3 - 4.9 ft) 
wide and about twice as long.  The simplest bay scallop dredge can be just a mesh bag attached 
to a metal frame that is pulled along the bottom.  For bay scallops that are located on sand and 
pebble bottom, a small set of raking teeth are set on a steel frame, and skids are used to align the 
teeth and the bag (Sainsbury 1996).  This dredging activity is not managed under federal fishery 
management plans. 

Sea Urchin Dredge   
Similar to a simple bay scallop dredge, the sea urchin dredge is designed to avoid damaging the 
catch.  It has an up-turned sled-like shape at the front that includes several leaf springs tied 
together with a steel bar.  A tow bail is welded to one of the springs and a chain mat is rigged 
behind the mouth box frame.  The frame is fitted with skids or wheels.  The springs act as 
runners, enabling the sled to move over rocks without hanging up.  The chain mat scrapes up the 
urchins.  The bag is fitted with a codend for ease of emptying.  This gear is generally only used 
in waters up to 100 m (330 ft) deep (Sainsbury 1996).  This dredging activity is not managed 
under federal fishery management plans. 
 

1.3 BOTTOM TENDING STATIC GEAR 
Pots 

Pots are portable, rigid devices that fish and shellfish enter through small openings, with or 
without enticement by bait (Everhart and Youngs 1981; Hubert 1983).  They are used to capture 
lobsters, crabs, black sea bass, eels and other bottom dwelling species seeking food or shelter 
(Everhart and Youngs 1981; Hubert 1983).  Pot fishing can be divided into two general 
classifications: 1) inshore potting in estuaries, lagoons, inlets and bays in depths up to about 75 
m  (250 ft); and, 2) offshore potting using larger and heavier vessels and gear in depths up to 730 
m (2400 ft) or more (Sainsbury 1996). 

Lobster Pots 
Lobster pots are typically rectangular and are divided into two sections, the chamber and the 
parlor.  The chamber has an entrance on both sides of the pot and is usually baited.  Lobsters 
then move to the parlor via a tunnel (Everhart and Youngs 1981).  Escape vents are installed in 
both areas of the pot to minimize the retention of sub-legal sized lobsters (DeAlteris 1998).   
 
Lobster pots are fished as either a single pot per buoy (although two pots per buoy are used in 
Cape Cod Bay, and three pots per buoy in Maine waters), or a “trawl” or line with up to one 
hundred pots.  According to NREFHSC (2002), important features of lobster pots and their use 
are the following: 

• About 95% of lobster pots are made of plastic-coated wire.   
• Floating mainlines may be up to 7.6 m (25 ft) off bottom.   
• Sinklines are sometimes used where marine mammals are a concern; neutrally buoyant 

lines may soon be required in Cape Cod Bay.   
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• Soak time depends on season and location - usually 1 - 3 days in inshore waters in warm 
weather, to weeks in colder waters.   

• Offshore pots are larger [more than 1 m (4 ft) long] and heavier (~ 100 lb or 45 kg), with 
an average of ~ 40 pots/trawl and 44 trawls/vessel.  They have a floating mainline and are 
usually deployed for a week at a time. 

• There has been a three-fold increase in lobster pots fished since the 1960s, with more 
than four million pots now in use.   

 
Although the offshore component of the fishery is regulated under federal rules, American 
lobster is not managed under a federal fishery management plan. 
 
Fish Pots 
Black sea bass pots are similar in design to lobster pots.  They are usually fished singly or in 
trawls of up to twenty-five pots, in shallower waters than the offshore lobster pots or red crab 
pots.  Pots may be set and retrieved 3 - 4 times/day when fishing for scup (NREFHSC 2002).  
This activity is managed under a federal fishery management plan.  Hagfish pots (40 plastic 
gallon barrels) are fished in deep waters, on mud bottoms.  Cylindrical pots are typically used for 
capturing eels in Chesapeake Bay; however, half-round and rectangular pots are also used and all 
are fished in a manner similar to that of lobster pots (Everhart and Youngs 1981).  Hagfish and 
eel activities are not managed under a federal fishery management plan. 

Crab Pots 
Crabs are often fished with pots consisting of wire mesh.  A horizontal wire partition divides the 
pot into an upper and lower chamber.  The lower chamber is entered from all four sides through 
small wire tunnels.  The partition bulges upward in a fold about 20 cm (8 in) high for about one 
third of its width.  In the top of the fold are two small openings that give access to the upper 
chamber (Everhart and Youngs 1981). 
 
Crab pots are always fished as singles and are hauled by hand from small boats, or with a pot 
hauler in larger vessels.  Crab pots are generally fished after an overnight soak, except early and 
late in the season (DeAlteris 1998).  These pots are also effective for eels (Everhart and Youngs 
1981).  This activity is not managed under a federal fishery management plan. 
 
Pots used in the northeast U.S. deep-sea red crab fishery are typically wood and wire traps 1.2 m 
by 0.75 m (48 by 30 in) with top entry.  Pots are baited and soak for about 22 hrs before being 
hauled.  Currently, vessels are using an average of 560 pots in trawls of 75 - 180 pots per trawl 
along the continental slope at depths from 400 - 800 m (1300 - 2600 ft).  These vessels are 
typically 25 - 41 m (90 - 150 ft) in length. Currently there are about six vessels engaged in this 
fishery (NEFMC 2002).  This activity is managed under a federal fishery management plan. 

Traps 
A trap is generally a large-scale device that uses the seabed and sea surface as boundaries for the 
vertical dimension.  The gear is installed at a fixed location for a season, and is passive, as the 
animals voluntarily enter the gear.  Traps are made of a leader or fence, that interrupts the coast 
parallel migratory pattern of the target prey, a heart or parlor that leads fish via a funnel into the 
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bay or trap section that serves to hold the catch for harvest by the fishermen.  The non-return 
device is the funnel linking the heart and bay sections (DeAlteris 1998).  This activity is not 
managed under a federal fishery management plan. 

Fish Pound Nets 
Pound nets are constructed of netting staked into the seabed by driven piles (Sainsbury 1996).  
Pound nets have three sections: the leader, the heart, and the pound.  The leader (there may be 
more than one) may be as long as 400 m (1300 ft) and is used to direct fish into the heart(s).  One 
or more hearts are used to further funnel fish into the pound and prevent escapement.  The pound 
may be 15 m (49 ft) square and holds the fish until the net is emptied.  These nets are generally 
fished in waters less than 50 m (160 ft) deep.  Pound nets are also used to catch crabs.  This 
activity is not managed under a federal fishery management plan. 

Fyke and Hoop Nets 
Constructed of wood or metal hoops covered with netting, hoop nets are 2.5 - 5 m (8.2 - 16 ft) 
long,  “Y-shaped” nets, with wings at the entrance and one or more internal funnels to direct fish 
inside, where they become trapped.  Occasionally, a long leader is used to direct fish to the 
entrance.  Fish are removed by lifting the rear end out of the water and loosening a rope securing 
the closed end.  These nets are generally fished to about 50 m (160 ft) deep (Sainsbury 1996). 
 
A common fyke net is a long bag mounted on one or several hoops which keep the net from 
collapsing as well as provide an attachment for the base of the net funnels to prevent the fish 
from escaping.  This gear is used in shallow water and extensively in river fisheries (Everhart 
and Youngs 1981).  This activity is not managed under a federal fishery management plan. 

Shallow Floating Traps 
In New England, much of the shoreline and shallow subtidal environment is rocky and stakes 
cannot be driven into the bottom. Therefore, the webbing of these traps is supported by floats at 
the sea surface, and held in place with large anchors.  These traps are locally referred to as 
“floating traps.”  The catch, design elements and scale of these floating traps is similar to pound 
nets (DeAlteris 1998). 
 
The floating trap is designed to fish from top to bottom, and is built especially to suit its location.  
The trap is held in position by a series of anchors and buoys.  The net is usually somewhat “T-
shaped,” with the long portion of the net (the leader net) designed to funnel fish into a box of net 
at the top of the T.  The leader net is often made fast to a ring bolt ashore (Sainsbury 1996).  This 
activity is not managed under a federal fishery management plan. 
 
Bottom Gill Nets 

Sink Gill Nets 
Individual gill nets are typically 91 m (300 feet) long, and are usually fished as a series of 5 - 15 
nets attached end-to-end.  Gill nets have three components: leadline, webline and floatline.  
Fishermen are now experimenting with two leadlines.  Leadlines used in New England are ~65 
lb (30 kg)/net; in the Mid-Atlantic leadlines may be heavier.  Weblines are monofilament, with 
the mesh size depending on the target species.  Nets are anchored at each end, using materials 
such as pieces of railroad track, sash weights, or Danforth anchors, depending on currents.  
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Anchors and leadlines have the most contact with the bottom. Some nets may be tended several 
times/day (e.g., when fishing for bluefish in the Mid-Atlantic).  For New England groundfish, 
frequency of tending ranges from daily to biweekly (NREFHSC 2002).  These activities are 
managed under federal fishery management plans. 

Stake Gill Nets 
Generally, a small boat is used inshore so that a gill net is set across a tidal flow and is lifted at 
slack tide to remove fish.  Wooden or metal stakes run from the surface of the water into the 
sediment and are placed every few meters along the net to hold it in place.  When the net is 
lifted, the stakes remain in place.  These nets are generally fished from the surface to about 50 
meters deep (Sainsbury 1996).  These activities are not managed under federal fishery 
management plans. 

Bottom Longlines 
Longlining for bottom species on continental shelf areas and offshore banks is undertaken for a 
wide range of species including cod, haddock, dogfish, skates, and various flatfishes (Sainsbury 
1996).  A 9.5 m (31 ft) vessel can fish up to 2500 hooks/day with a crew of one and double that 
with two crewmembers.  Mechanized longlining systems fishing off larger vessels up to 60 m 
(195 ft) can fish up to 40,000 hooks/day (Sainsbury 1996).   
 
In the northeast region up to six individual longlines are strung together, for a total length of 
about 460 m (1500 ft), and are deployed with 9 - 11 kg (20 - 24 lb) anchors.  The mainline is 
parachute cord or sometimes stainless steel wire.  Gangions (lines from mainline to hooks) are 38 
cm (15 in) long and 1 - 2 m (3 - 6 ft) apart.  The mainline, hooks, and gangions all contact the 
bottom.  Circle hooks are potentially less damaging to habitat features than other hook shapes; 
other hook shapes with barbs are more likely to snag benthic features and organisms.  These 
longlines are usually set for only a few hours at a time (NREFHSC 2002).  Longlines used for 
tilefish are deployed in deepwater, may be up to 40 km (25 mi) long, are stainless steel or 
galvanized wire, and are set in a zigzag fashion (NREFHSC 2002).  These activities are managed 
under federal fishery management plans. 
 

1.4 PELAGIC GEAR 

Drift Gill Nets 
Gillnets operate principally by wedging and gilling fish, and secondarily by entangling 
(DeAlteris 1998).  The nets are a single wall of webbing, with float and lead lines.  Drift gillnets 
are designed to float from the sea surface and extend downward into the water column and are 
used to catch pelagic fish.  In this case, the buoyancy of the floatline exceeds the weight of the 
leadline.  Drift gillnets may be anchored at one end or set out to drift, usually with the fishing 
vessel attached at one end (DeAlteris 1998).  This activity is managed under federal fishery 
management plans. This gear is not expected to have contact with or impacts upon bottom 
habitats. 
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Pelagic Longline Gear 

The pelagic or subsurface longline is a technique directed mostly towards tunas, swordfish, 
sailfish, dolphin (dorado), and sharks.  The gear is typically set at depths from the surface to 
around 330 m (1100 ft).  The gear can also be set with a main line hanging in arcs below the 
buoy droplines to fish a band of depths (Sainsbury 1996).  The gear is set across an area of 
known fish concentration or movement, and may be fished by day or night depending upon the 
species being sought (Sainsbury 1996).  The length of the mainline can vary up to108 km (67 mi) 
depending on the size of the vessel.  If the mainline is set level at a fixed depth, then the leader or 
gangion lengths vary from 2 - 40 m (6.6 - 130 ft), so as to ensure the hooks are distributed over a 
range of depths (DeAlteris 1998).  If a line-shooter is used to set the mainline in a catenary shape 
with regard to depth, then the gangions are usually a single minimal length, but are still 
distributed by depth (DeAlteris 1998).  Each gangion typically contains a baited hook and 
chemical night stick to attract the fish.  Traditional or circle hooks may be used.  Swordfish 
vessels typically fish 20 to 30 hooks per 1.6 km (1 mi) of mainline between 5 - 54 km (3 - 34 mi) 
in length (Sainsbury 1996).  This activity is managed under federal fishery management plans. 
This gear is not expected to have contact with or impacts upon bottom habitats. 

Troll Lines 
Trolling involves the use of a baited hook or lure maintained at a desired speed and depth in the 
water (Sainsbury 1996).  Usually, two to four or more lines are spread to varying widths by the 
use of outrigger poles connected to the deck by hinged plates.  Line retrieval is often 
accomplished by means of a mechanized spool.  Each line is weighted to reach the desired depth 
and may have any number of leaders attached, each with a hook and bait or appropriate lure.  
This gear is generally fished from the surface to about 20 m (Sainsbury 1996).  This activity is 
managed under federal fishery management plans. This gear is not expected to have contact with 
or impacts upon bottom habitats. 
 

1.5 SEINES 

Haul Seines 
Haul seining is a general term describing operations where a net is set out between the surface 
and seabed to encircle fish.  It may be undertaken from the shore (beach seining), or away from 
shore in the shallows of rivers, estuaries or lakes (Sainsbury 1996).  Seines typically contact the 
sea bottom along the lead line.  Additionally the net itself may scrape along the bottom as it is 
dragged to shore or the recovery vessel.  This activity is not managed under federal fishery 
management plans. 

Beach Haul Seines 
The beach seine resembles a wall of netting of sufficient depth to fish from the sea surface to the 
seabed, with mesh small enough that the fish do not become gilled.  A floatline runs along the 
top to provide floatation and a leadline with a large number of weights attached ensures that the 
net maintains good contact with the bottom.  Tow lines are fitted to both ends.  The use of a 
beach seine generally starts with the net on the beach.  One end is pulled away from the beach, 
usually with a small skiff or dory, and is taken out and around and finally back to shore.  Each 
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end of the net is then pulled in towards the beach, concentrating the fish in the middle of the net.  
This is eventually brought onshore as well and the fish removed.  This gear is generally used in 
relatively shallow inshore areas (Sainsbury 1996).  This activity is not managed under federal 
fishery management plans. 

Long Haul Seines 
The long haul seine is set and hauled in shallow estuarine and coastal areas from a boat typically 
15 m (49 ft) long.  The net is a single wall of small mesh webbing less than 5 cm (2 in), and is 
usually greater than 400 m (1440 ft) in length and about 3 m (9.8 ft) in depth.  The end of the net 
is attached to a pole driven into the bottom, and the net is set in a circle to surround fish feeding 
on the tidal flat.  After closing the circle, the net is hauled into the boat, reducing the size of the 
circle, and concentrating the fish.  Finally, the live fish are brailed or dip-netted out of the net 
(DeAlteris 1998).  This activity is not managed under federal fishery management plans. 

Danish and Scottish Seines 
Danish seining or anchor dragging was developed in the 1850s prior to the advent of otter 
trawling.  The Danish seine is a bag net with long wings that includes long warps set out on the 
seabed enclosing a defined area.  As the warps are retrieved, the enclosed area (a triangle) 
reduces in size.  The warps dragging along the bottom herd the fish into a smaller area, and 
eventually into the net mouth.  The gear is deployed by setting out one warp, the net, then the 
other warp.  On retrieval of the gear, the vessel is anchored.  This technique of fishing is aimed at 
specific schools of fish located on smooth bottom.  In contrast to Danish seining, if the vessel 
tows ahead while retrieving the gear, then this is referred to as Scottish seining or fly-dragging.  
This method of fishing is considered more appropriate for working small areas of smooth 
bottom, surrounded by rough bottom.  Scottish and Danish seines have been used experimentally 
in U.S. demersal fisheries.  Space conflicts with other mobile and fixed gears, have precluded the 
further development of this gear in the U.S., as compared to northern Europe (DeAlteris 1998).  
This activity is managed under federal fishery management plans. 
 

1.6 OTHER GEARS 

Rakes 
A bull rake is manually operated to harvest hard clams and consists of a long shaft with a rake 
and basket attached.  The length of the shaft can be variable but usually does not exceed three 
times the water depth.  The length and spacing of the teeth as well as the openings of the basket 
are regulated to protect juvenile clams from harvest (DeAlteris 1998).  Rakes are typically fished 
off the side of a small boat.  This activity is not managed under federal fishery management 
plans. 

Tongs 
A more efficient device than rakes for harvesting shellfish is tongs.  Shaft-tongs are a scissor-like 
device with a rake and basket at the end of each shaft.  The fisherman stands on the edge of the 
boat and progressively opens and closes the baskets on the bottom gathering the shellfish into a 
mound.  The tongs are closed a final time, brought to the surface, and the catch emptied on the 
culling board for sorting.  The length of the shaft must be adjusted for water depth.  Oysters are 
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traditionally harvested with shaft tongs in water depths up to 6 m (21 ft), with shaft tongs 8 m 
(29 ft) in length (DeAlteris 1998).  Patent tongs harvest clams and oysters and are opened and 
closed with a drop latch or with a hydraulic ram and require a mechanized vessel with a mast or 
boom and a winch (DeAlteris 1998).  Patent tongs are regulated by weight, length of teeth, and 
bar spacing in the basket.  This activity is not managed under federal fishery management plans. 

Line Fishing 

Hand Lines 
The simplest form of hook and line fishing is the hand line.  It consists of a line, sinker, leader 
and at least one hook.  The line is usually stored on a small spool and rack and can vary in 
length.  The line varies in material from a natural fiber to synthetic nylon.  The sinkers vary from 
stones to cast lead.  The hooks are single to multiple arrangements in umbrella rigs.  An 
attraction device must be incorporated into the hook, usually a natural bait and artificial lure 
(DeAlteris 1998).  Although not typically associated with bottom impacts, this gear can be fished 
in such as manner as to hit bottom and bounce or be carried by currents until retrieved. This 
activity is managed under federal fishery management plans. 

Mechanized Line Fishing 
Mechanized line hauling systems have been developed to allow more lines to be worked by 
smaller crews and use electrical or hydraulic power to work the lines on the spools or jigging 
machines (Sainsbury 1996).  These reels, often termed bandits, are mounted on the vessel 
bulwarks and have a spool around which the mainline is wound (Sainsbury 1996).  Each line 
may have a number of branches and baited hooks, and the line is taken from the spool over a 
block at the end of a flexible arm.  This gear is used to target several species of groundfish, 
especially cod and pollock and it has the advantage of being effective in areas where other gears 
cannot be used.  Jigging machine lines are generally fished in waters up to 600 m (2000 ft) deep 
(Sainsbury 1996).  This gear may also have the ability to contact the bottom depending upon the 
method selected to fish. This activity is managed under federal fishery management plans. 

Hand Hoes 
Intertidal flats are frequently harvested for clams and baitworms using handheld hoes. These are 
short handled, rake-like devices that are often modified gardening tools (Creaser et al. 1983).  
Baitworm hoes have 5 to 7 tines, 21 - 22 cm (8.3 - 8.7 ft) in length for bloodworms and 34 - 39 
cm (13 - 15 in) for sandworms.  Clam hoes in Maine typically have 4 to 5 tines, 15 cm (6 in) 
long.  This activity is not managed under federal fishery management plans. 

Diving  
By either free diving or using SCUBA, divers collect crustaceans, mollusks and some reef fish in 
shallow water.  Often a support vessel is used to transport the diver(s) to the fishing site and 
carry the landings to port.  In deeper waters, helmet diving systems are used and the diver is 
tethered to the vessel and supplied with air pumped from the surface.  This method is most often 
used by sea urchin divers and some lobster divers.  Divers normally use small rakes or hoes to 
scrape creatures off rocks or dig them out of the seabed.  Generally, the catch is placed in bags 
that are either towed to the surface by the boat or floated to the surface using an air source and a 
lift bag.  Divers rarely work deeper than about 20 m (66 ft) (Sainsbury 1996).  This activity is not 
managed under federal fishery management plans. 
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Spears 
Spears came into use when it was found that a pole or shaft with a point on it could be used by a 
fisherman operating from shore, floating raft, or boat to capture animals previously out-of-reach 
(DeAlteris 1998).  However, the single prong spear required an accurate aim, and fish easily 
escaped.  With the addition of a barb, fish retention was improved; and spears with multi-prong 
heads increased the likelihood of hitting the target.  Spears were initially thrust without leaving 
the hand, then thrown, and then finally placed in launching devices including crossbows, spear 
guns for divers, etc.  Spears with long shafts (gigs) are used by fishermen in small boats at night 
in the Carolina sounds for flounder, through the ice for eels in New England bays, and by divers 
for fish in coastal waters (DeAlteris 1998).  This activity is not managed under federal fishery 
management plans. 
 

2.0 DISTRIBUTION OF FISHING ACTIVITY IN THE NORTHEAST U.S.  
This section of the EIS describes the spatial distribution of fishing activity by gear type for 
federally-permitted fishing vessels operating in the Northeast region of the U.S. (Maine to North 
Carolina) during two time periods, 1995-2001 and 1997-2002.  Fishing activity is depicted using 
geographical information systems (GIS) software (ArcView 3.2, developed by the 
Environmental Systems Research Institute, Inc.) by ten minute “squares” of latitude and 
longitude for fifteen gear types.  Each “square” measures approximately ten nautical miles high 
by 7.5 nmi wide. 
 
The data used to create these plots were extracted from NOAA Fisheries vessel trip report (VTR) 
and clam logbook databases.  Data included in the analysis are provided by vessels operating 
with federal permits and participating in the following fisheries: northeast multispecies, sea 
scallops, surf clams and ocean quahogs, goosefish, summer flounder, scup, black sea bass, squid, 
Atlantic mackerel, butterfish, spiny dogfish, bluefish, Atlantic herring, and tilefish.  Vessels that 
operate strictly within state waters (0 - 3 mi from shore) are not required to have a federal permit 
and therefore do not submit trip reports.  For this reason, fishing trips in nearshore ten minute 
squares (TMS) that include a significant proportion of state waters are under-represented.  Data 
for bottom-tending fixed and mobile gear types were compiled for the years 1995-2001 (1995-
2000 for fish traps).  Data for mid-water gears used in the herring fishery were compiled for the 
years 1997-2002 and only included trips for which 50% or more of the landed catch was Atlantic 
herring. 
 
Permit holders are required to fill out a VTR form or make a logbook entry for each trip made by 
the vessel; i.e., each time the vessel leaves and returns to port.  Fishermen report the location 
where they spend most of their time fishing during a trip and the date and time that the vessel left 
and returned to port.  They are given the choice of reporting the location of a trip as a point 
(latitude and longitude) or simply assign it to a statistical area (these areas are quite large and 
include many TMSs).  Only trips that were reported as a point location and therefore could be 
assigned to a TMS were included in this analysis.  Most trips are reported this way.  Logbook 
entries in the clam dredge fishery include time that was actually spent fishing.  Data for gears 
used mostly in state waters and/or that are not well represented in the VTR database (e.g., mussel 
and sea urchin dredges, Danish seines, shrimp pots) were not displayed.  Data reported south of 



APPENDIX VI  Herring Gear Effects Evaluation 14

Cape Hatteras, North Carolina (35° N) and north of 45° N latitude in the Gulf of Maine were 
excluded from analysis. 
 
Mobile gear (mid-water trawls, purse seines, scallop dredges and three types of bottom otter 
trawls) fishing activity was calculated as the total number of days absent from port.  Fixed gear 
(bottom longlines, sink gill nets, and five types of pots) activity was calculated as the total 
number of trips.  Days absent for each trip were calculated based on the date and time of 
departure from, and return to, port in hours and converted to fractions of 24 hr days.  Trips made 
to more than one statistical area (for which two locations are noted) were excluded from the 
analysis.  Logbook data for hydraulic clam dredges were also converted to 24 hr days.  The clam 
dredge data excluded trips made by “dry” quahog dredge vessels in Maine that are included in 
the logbook database. 
 
Days absent calculations for trawl and scallop dredge vessels are clearly preferable to simply 
summing the number of trips, but overestimate actual fishing time since they include travel time 
and any other non-fishing related activity while vessels are away from port.  Thus, the GIS plots 
do not represent fishing effort.  They indicate the relative, not the absolute, distribution of fishing 
activity within the Northeast region. 
 
In order to emphasize the relative nature of the fishing activity plots, all GIS input data were 
compiled and sorted into categories.  For bottom-tending gears, these categories corresponded to 
cumulative percentages of 50, 75, and 90% of the total number of trips, days at sea, or days spent 
fishing.  For pelagic gears used in the herring fishery, fishing activity data were sorted into four 
categories (25, 50, 75, and 90%).  Fishing activity is most intense (high density) in TMSs which 
account for 25 or 50% of the total number of trips (or days) and much less intense (low density) 
as additional TMS with fewer and fewer trips (or days) are included in the analysis.  Table 11 
provides an example showing how TMS were assigned to categories. 
 
The depth contours shown in the GIS plots (Figure 5 to Figure 20) are 50 and 100 fathoms 
(approximately 100 and 200 m).  The U.S./Canada border and the outer boundary of the U.S. 
Exclusive Economic Zone (EEZ) are also shown in each figure.  Three areas on Georges Bank 
were closed in December 1994 to all gears that catch groundfish and remained closed during 
1995-2001.  These closures affected the patterns of gear use for bottom otter trawls used to catch 
fish, for bottom longlines and gill nets, and for scallop dredges, and are therefore shown in the 
maps for those gear types that have been affected by the closures.  Scallop dredging was 
prohibited in these areas during 1995-1998 and again in 2001, but portions of the groundfish 
closed areas were opened temporarily to scallop dredging in 1999 and 2000.  
 

2.1 GEARS USED IN THE HERRING FISHERY 
Mid-Water Trawls 

This gear was used primarily in three areas during 1997-2002: southern New England, the 
northern edge of Georges Bank, and the southwestern Gulf of Maine (Figure 5).  Mid-water 
trawling activity in the Gulf of Maine was exclusively south of 44 degrees North latitude and 
was concentrated in TMS east of Casco Bay, on Jeffreys Ledge, near Cape Ann, east of Cape 
Cod, and offshore, near Cashes Ledge.  Mid-water trawling on Georges Bank was distributed 



APPENDIX VI  Herring Gear Effects Evaluation 15

along the northern edge of the bank from the Canadian border west to 69°W and appeared to be 
located primarily between 50 and 100 fathoms, with some fishing up on the bank in shallower 
water.  Mid-water trawling activity in southern New England was dispersed over a large area and 
was most intense in the vicinity of Block Island, Rhode Island.  Mid-water trawling in southern 
New England occurs in the winter in inner and mid-shelf waters less than 50 fathoms deep. 
 
Mid-Water Pair Trawls 

The amount and distribution of fishing activity by mid-water pair trawlers during 1997-2002 
(Figure 6) was very similar to that reported for single boat mid-water trawlers.  A small amount 
of pair trawling took place in the Gulf of Maine north of 44°N. 
 
Purse Seines 

Purse seining was almost completely limited to the Gulf of Maine during 1997-2002 (Figure 7).  
This gear was used over a large area of the gulf south of Penobscot Bay in depths less than and 
greater than 50 fathoms, extending west to the mainland and northeast to include the area around 
Mt. Desert Rock.  There was some overlap between areas fished with mid-water trawls and purse 
seines in the southwestern portion of the gulf, e.g., on the northern end of Jeffreys Ledge. 
 

2.2 BOTTOM-TENDING MOBILE GEAR 
Bottom Otter Trawls – Fish 

Most of the reported otter trawl activity (Figure 8) is directed at the capture of fish (rather than 
shrimp or scallops).  More than any other gear, bottom otter trawling for fish during 1995-2001 
was widespread in coastal and offshore waters throughout most of the northeast region.  Areas of 
highest activity were located in southwestern and central portions of the Gulf of Maine, along the 
western side of the Great South Channel, north of Closed Area I and on the northern part of 
Georges Bank west of Closed Area II, in coastal waters of Rhode Island and Long Island, in the 
mid-shelf region of southern New England, and along the shelf break, especially north and south 
of 40ºN between 70º and 73º W longitude and in the Hudson Canyon area.  Bottom trawling was 
not actively conducted in the three groundfish closed areas on Georges Bank, nor in a large area 
of the continental shelf off southern New Jersey, Maryland, and Virginia. 
 
Bottom Otter Trawls – Shrimp 

Shrimp trawling was localized in two areas: the coastal waters of the Gulf of Maine, primarily 
between Cape Ann and Penobscot Bay, and in nearshore waters of North Carolina, particularly 
inside the barrier islands (Figure 9).  The shrimp fishery in the Gulf of Maine targets pandalid (or 
northern) shrimp while the fishery in North Carolina is on penaeid shrimp. 

Bottom Otter Trawls – Scallops 
The scallop trawl fishery is conducted on the outer Mid-Atlantic shelf, primarily between 40º and 
37ºN in depths less than 50 fathoms (Figure 10).   
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Hydraulic Clam Dredges 

The largest area of hydraulic clam dredging activity was located in a small area off the central 
New Jersey coast, with smaller areas extending north and east to southern New England and 
south to the Delmarva Peninsula (Figure 11).  Hydraulic clam dredges are not used to harvest 
clams on Georges Bank because of the presence of red tide-causing microorganisms in ocean 
quahogs, nor are they used in the Gulf of Maine due to the prevalence of gravel and rocky 
bottom where hydraulic dredges cannot operate.  There is a localized fishery for ocean quahogs 
in eastern Maine, but the dredges used there are not hydraulically operated. 
 
Non-Hydraulic Clam Dredges 

Non-hydraulic clam dredges were used to harvest ocean quahogs primarily in eastern Maine 
coastal waters and to some extent in central Maine coastal waters during 1995-2000 (Figure 12).  
This fishery does not take place anywhere else in the Northeast region. 
 
Scallop Dredges 

Scallop dredges were used primarily in a broad area of the Mid-Atlantic shelf from Long Island 
to Virginia, in Massachusetts Bay (north of Cape Cod) and the Great South Channel, in localized 
areas of Georges Bank northeast of Closed Area I and west of the northern portion of Closed 
Area II, and in a larger area on the southeast flank of the Bank that included the southern portion 
of Closed Area II that was opened to limited scallop dredging in 1999 (Figure 13).  Some scallop 
dredging was also reported from eastern Maine coastal waters.  No active scallop dredging was 
reported in shallow open areas on Georges Bank, in southern New England, nor in inner shelf 
waters of the Mid-Atlantic Bight. 
 

2.3 BOTTOM-TENDING STATIC GEAR 

Lobster Pots 

Lobster pot trips during 1995-2001 were reported primarily in coastal waters of the Gulf of 
Maine from the Canadian border to Cape Cod, in nearshore Rhode Island waters, and in the New 
York Bight (Figure 14).  Fewer trips were made to more offshore locations in southern New 
England and along the shelf break in depths greater than 100 fathoms. 

Conch and Whelk Pots 

Most fishing activity was reported in Nantucket Sound and inshore waters of southern 
Massachusetts, in a single TMS south of Rhode Island, and in coastal waters of southern New 
Jersey and the Delmarva Peninsula, extending south to North Carolina (Figure 15). 

Fish Pots 
Most fish pot trips were reported on the south shore of Massachusetts and Rhode Island, Long 
Island, and off southern New Jersey, Delaware, and Maryland (Figure 16).  Other areas where 
fewer trips were reported were located on Jeffreys Ledge in the western Gulf of Maine, east of 
Long Island and south of Nantucket and Martha’s Vineyard, along the outer edge of the 
continental shelf in the southern Mid-Atlantic Bight, and off the entrance to Chesapeake Bay. 
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Crab Pots 
Crab pot trips were reported in a number of TMSs in deepwater along the shelf break from 
eastern Georges Bank all the way to Cape Hatteras, in a single TMS south of Nantucket, in 
several nearshore locations in the Gulf of Maine, Nantucket Sound, Cape May (New Jersey), and 
in inshore waters behind the North Carolina barrier islands (Figure 17). 

Hagfish Pots 
Hagfish pots were used exclusively in the southwestern Gulf of Maine, particularly east of cape 
Ann and between Cape Ann and Cape Cod (Figure 18). 

Bottom Gill Nets  
Bottom gill net trips were made in the western Gulf of Maine and along the western side of the 
Great South Channel, extending north of Cape Ann and on Jeffreys Ledge, and in a few TMSs in 
the outer gulf (Figure 19).  Gill nets were also used in Rhode Island coastal waters, along the 
outer shore of Long Island, off northern New Jersey, the Delmarva Peninsula, and in North 
Carolina.  Gill net fishing activity was highest in the western Gulf of Maine and the Great South 
Channel in areas that were also actively fished with longlines, bottom trawls, and scallop 
dredges.  

Bottom Longlines 
Longline trips during 1995-2001 were reported primarily in TMSs in the western Gulf of Maine 
(Massachusetts Bay) and along the western side of the Great South Channel (Figure 20).  There 
were a few trips reported in deepwater along the shelf break, in Rhode Island and central Maine 
coastal waters, and in offshore locations of the Gulf of Maine. 
 
Table 1. Metric tons of herring sold by gear and management area in 2003. 

 1A 1B 2 3 Total 

Midwater Pair Trawl 33,765 3,784 10,967 17,385 65,901 

Midwater Trawl 7,846 1,001 4,238 2,756 15,841 

Purse Seine 17,738 132 0 0 17,870 

Bottom Trawl 88 1 862 86 1037 

Weir 0 0 1 0 1 

Other 14 1 13 0 28 

Total 59,451 4,919 16,081 20,227 100,678 
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Table 2. Number of vessels, herring trips and days, and herring sold (mt) by management 

area and principal herring gear for 2003. 

  1A 1B 2 3 Total 
Number of trips 396 37 105 131 669 
Days at Sea 907 98 343 561 1909 

Midwater 
Pair Trawl 
16 vessels Landings (mt) 32,804 3,784 11,286 17,576 65,450 

Number of trips 179 11 55 10 255 
Days at Sea 313 25 152 49 539 

Midwater 
Trawl 
9 vessels Landings (mt) 7,352 980 3,001 2,565 13,898 

Number of trips 324 5 12 0 341 
Days at Sea 625 10 14 0 649 

Purse Seine 
6 vessels 

Landings (mt) 19,193 153 810 0 20,156 
Number of trips 273 8 152 39 472 
Days at Sea 279 12 287 238 816 

Bottom 
Trawl 
63 vessels Landings (mt) 88 1 970 86 1145 
Weir Landings (mt) 0 0 1 0 1 

Number of trips 120 4 406 0 530 
Days at Sea 125 4 418 0 547 

Other Gear 
60 vessels 

Landings (mt) 14 1 12 0 27 
Number of trips 1292 65 730 180 2267 
Days at Sea 2249 149 1214 848 4460 

Total 
154 vessels 

Landings (mt) 59,451 4,919 16,080 20,227 100,677 
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Table 3. Atlantic herring landings and value by gear used and state. 

 MA ME NH RI 
Other 
Mid-
Atlantic 

Other 
New 
England 

Total 

MT 35,375 20,764 5,883 3,228 407 242 65,899 Midwater 
Pair Trawl Value 5,989,225 3,200,748 1,048,157 774,929 63,553 40,898 11,117,510 

MT 2,353 9,784 558 3,021 0 126 15,842 Midwater 
Trawl Value 455,850 1,528,183 91,985 625,165 0 21,277 2,722,460 

MT 456 16,232 1,183 0 0 0 17,871 Purse 
Seine Value 59,824 2,706,408 177,515 0 0 0 2,943,747 

MT 18 9 62 819 23 105 1036 Bottom 
Trawl Value 3,576 1,759 8,162 239,264 3,606 20,148 276,515 

MT 1 0 0 0 0 0 1 
Weir 

Value 71 0 0 0 0 0 71 
MT 10 6 0 0 12 0 28 

Other 
Value 1,686 1,005 0 0 2,416 0 5,107 
MT 38,213 46,795 7,686 7,068 442 473 100,677 

Total 
Value 6,510,232 7,438,103 1,325,819 1,639,358 69,575 82,323 17,065,410 

 
 
Table 4. Average crew size (including captain) by gear used. 

 Average Minimum Maximum 
Midwater Pair 
Trawl 4.6 1 7 

Midwater Trawl 3.7 1 12 
Purse Seine 5.4 1 6 
Bottom Trawl 3.3 1 13 
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Table 5. Total number of vessels and crew (including captain) employed per fleet sector. 

 MA ME NH RI Total 
Number of 
Vessels 9 4 2 1 16 Midwater 

Pair Trawl 
Total # of Crew 44 18 8 3 73 
Number of 
Vessels  6  3 9 Midwater 

Trawl 
Total # of Crew  15  20 35 
Number of 
Vessels  6   6 

Purse Seine 
Total # of Crew  31   31 
Number of 
Vessels 9 16 2 4 31 

Total 
Total # of Crew 44 64 8 23 139 

 
Figure 1. Atlantic herring catch by management area (U.S. and foreign). 
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Figure 2. U.S. Atlantic herring catch (metric tons) by management area, 1977-2003. 
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Figure 3. Percent U.S. Atlantic herring catch by gear type, 1977-2003. 
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Figure 4. Schematic drawings of single boat midwater trawling (top) and purse seining 

(bottom) operations.  Source: Sainsbury 1996. 
 

 
 

 
 



APPENDIX VI  Herring Gear Effects Evaluation 23

Figure 5. Spatial distribution of ten minute squares that accounted for various levels of 
fishing activity by herring mid-water trawls in the U.S. Northeast region during 
1997-2002. 
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Figure 6. Spatial distribution of ten minute squares that accounted for various levels of 
fishing activity by herring pair trawls in the U.S. Northeast region during 1997-
2002. 
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Figure 7. Spatial distribution of ten minute squares that accounted for various levels of 
fishing activity by herring purse seines in the U.S. Northeast region during 1997-
2002. 
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Figure 8. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by fish otter trawls in the 
U.S. Northeast region during 1995-2001. 
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Figure 9. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by shrimp otter trawls in 
the U.S. Northeast region during 1995-2001. 
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Figure 10. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by scallop otter trawls in 
the U.S. Northeast region during 1995-2001. 
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Figure 11. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by hydraulic clam dredges 
in the U.S. Northeast region during 1995-2001. 
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Figure 12. Reported number of trips made by vessels using non-hydraulic clam dredges 
within ten minute squares of latitude and longitude in the U.S. Northeast region 
during 1995-2000. 
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Figure 13. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by scallop dredges in the 
U.S. Northeast region during 1995-2001. 
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Figure 14. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by lobster pots in the U.S. 
Northeast region during 1995-2001. 
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Figure 15. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by conch and whelk pots 
in the U.S. Northeast region during 1995-2001. 
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Figure 16. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by fish (black sea bass) 
pots in the U.S. Northeast region during 1995-2001. 
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Figure 17. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by crab pots in the U.S. 
Northeast region during 1995-2001. 
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Figure 18. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by hagfish pots in the U.S. 
Northeast region during 1995-2001. 
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Figure 19. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by bottom gill nets in the 
U.S. Northeast region during 1995-2001. 
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Figure 20. Spatial distribution of ten minute squares (TMS) that accounted for high (50%), 
medium (75%), and low (90%) levels of fishing activity by bottom longlines in the 
U.S. Northeast region during 1995-2001. 
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3.0 HABITAT IMPACTS OF FISHING 

3.1 HERRING FISHERY IMPACTS ON EFH 

3.1.1 Impacts on Atlantic Herring EFH 
The two primary gear types used in the Atlantic herring fishery are mid-water trawls and purse 
seines.  These are the only gears used to directly harvest herring in federal waters of the 
Northeast region.  A small quantity of herring (about 2% of total landings during 2000-2002) is 
taken as incidental catch with bottom trawls in the whiting, northern shrimp, and multi-species 
groundfish fisheries.  Herring are also caught with mid-water trawls in the Atlantic mackerel 
fishery. A very small amount of herring is harvested with “fixed gear” (stop seines and weirs) in 
state waters on the eastern Maine coast.  
 
Herring are extremely sensitive to noise and schools are known to disperse when approached by 
vessels or when disturbed by mid-water nets or purse seines.  This disturbance could be 
interpreted as a potential impact on the pelagic habitat of juvenile or adult herring.  The effect, 
however, is known to be temporary: schools of herring that are dispersed by vessels or mid-water 
trawls re-form quickly after passage of the boat or the net, within a matter of minutes.  This may 
adversely affect the pelagic habitat for juvenile and adult herring, but the effects are minimal and 
temporary in nature and do not need to be minimized. 
 
The other potential impact of mid-water trawls and purse seines on Atlantic herring EFH is on 
the habitat for herring eggs.  In order for herring egg EFH to be more than minimally impacted 
by these gears, the gears would have to 1) contact bottom habitats that are used by herring for 
spawning, and 2) disturb the bottom in a way that reduces its functional value as an egg habitat. 
According to information obtained from fishermen, bottom contact occasionally occurs on 
smooth sand or mud bottom when herring are very close to the bottom and can not be caught 
unless the net is towed just above or on the bottom. Contact with hard bottom is avoided because 
the gear is not designed to withstand contact with rocky substrates.  When contact occurs, it is by 
chains attached to the footrope, by the footrope itself, or by two heavy weights attached to the 
wings of the net.  The trawl doors do not contact the bottom.  Contact by the belly of the net 
easily abrades the nylon twine meshes of the net, even on sandy bottom. 
 
Because any bottom contact by mid-water trawls used in the Northeast U.S. Atlantic herring 
fishery is most likely to be limited to flat mud and sand substrates, and because herring do not 
deposit eggs on mud, habitats utilized as herring egg EFH that are most likely to be vulnerable to 
impacts from mid-water trawls would be in sandy bottom areas.  However, herring mid-water 
trawls only contact the bottom occasionally and many sand bottom habitats where herring spawn 
(e.g., on Georges Bank) are located in fairly shallow depths that are subject to scouring action by 
strong bottom currents.  Herring spawn, in fact, in locations characterized by strong bottom 
currents.  Therefore, if there are any adverse impacts of mid-water trawls in sandy bottom 
habitats, they are not more than minimal or temporary in nature and do not need to be 
minimized. 
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Bottom contact by mid-water trawls may also occasionally occur in gravel bottom spawning 
habitats on Georges Bank that are free of rocks.  However, there is no reason to believe that the 
effects of dragging an object such as a heavy weight or a length of chain over a sand, gravel, or 
rocky bottom would reduce the functional value of the substrate as a habitat for herring eggs. 
The only exception to this would be benthic macrophytes or emergent epifauna – attached algae, 
bryozoans, etc. – that herring eggs also stick to and which are easily damaged or removed from 
the bottom by bottom-tending fishing gear.  This type of egg substrate is not very common, 
however.  There is no evidence to indicate that herring are less likely to deposit their eggs on 
bottom habitats composed of gravel, sand, cobble, and shell fragments that have been disturbed 
by fishing gear than on un-disturbed substrate, or that eggs deposited on disturbed substrates 
would have a reduced survival rate.  
 
Purse seines are used almost exclusively in the Gulf of Maine in coastal and offshore waters.  
Because they are so deep (up to 50 meters), they sometimes contact the bottom when they are 
first set out, before they are “pursed.”  Before the net is pursed, the bottom lead lines can be 
pushed across the bottom for short distances by tidal currents, causing disturbance to benthic 
organisms and substrates.  If there are impacts to benthic habitats, they would be more 
pronounced in complex, rocky bottom areas which are more vulnerable to disturbance (Auster 
and Langton 1999, NEREFHSC 2002). Although purse seines may occasionally contact bottom 
habitats that provide substrate for herring eggs in the Gulf of Maine, there is no evidence to 
suggest that disturbance of bottom substrates by this gear reduces the quality of herring egg EFH.  
Therefore, the potential adverse impacts of purse seines are also minimal and temporary in 
nature. 
 
Additional information supporting the conclusion that mid-water trawls and purse seines do not 
contact the bottom to any significant degree is provided by bycatch data available from observers 
placed aboard commercial herring fishing vessels. For this analysis, bycatch data were sorted 
into three categories: pelagic species that occupy the water column, “semi-demersal” species that 
live near the bottom, but do not normally rest on the bottom), and demersal species that are in 
direct contact with the bottom most of the time.  
 
Data were obtained from 110 mid-water (single boat and pair trawlers) and 31 purse seine trips, 
representing catches of 41 million lbs (18,660 metric tons) and 5 million lbs (2,317 mt) of 
Atlantic herring, respectively.  The results indicate that 1.8% of the mid-water trawl catch and 
1.5% of the purse seine catch was composed to species other than herring.  Almost all of the 
bycatch taken by purse seines was composed of pelagic species (spiny dogfish).  Bycatch in mid-
water trawls was almost equally divided between pelagic and semi-demersal species: demersal 
species accounted for three hundred-thousandths of a percent (140 lbs during 110 trips that 
produced over 41 million lbs of herring).  Most of the semi-demersal catch was composed of 
silver hake, a species that leaves the bottom at night in pursuit of prey.  The primary non-target 
pelagic species caught in herring mid-water trawls are Atlantic mackerel, spiny dogfish, 
alewives, and blueback herring.  These results support the conclusion that any contact of the 
bottom by herring mid-water trawls or purse seines is negligible.   
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3.1.2 Conclusions 
There are indications that mid-water trawls and purse seines do occasionally contact the seafloor 
and may impact benthic habitats utilized by a number of federally-managed species, including 
EFH for Atlantic herring eggs.  However, after reviewing all the available information, the 
Council concludes that if the quality of EFH is reduced as a result of this contact, the impacts are 
minimal and/or temporary and, pursuant to MSA, do not need to be minimized.  The following 
information supports this conclusion. 
 
• Bottom contact by mid-water trawls occurs infrequently and is usually caused by “tickler” 

chains that hang down in short loops from the footrope, the footrope itself, or the two weights 
that are attached to the wire trawl warps that extend from the bottom of the net to the doors.  
The trawl doors do not touch bottom. 

• The lead lines of purse seines may occasionally contact the bottom when the net is first set, 
but not once the net is “pursed.” 

• Mid-water trawls are not designed to fish in contact with the bottom and are easily damaged 
if they hit an obstacle (rocks) or if the nylon netting in the belly drags over any kind of 
bottom substrate.  Repairs are costly. 

• Bottom contact, when it occurs, is much more likely to occur on flat sand or mud bottom, not 
on structurally complex and more sensitive hard bottom.   

• Bycatch of fully demersal fish species in 110 trips made by mid-water trawlers and 31 trips 
made by purse seiners was insignificant, accounting for .0003% of the mid-water trawl catch 
and .0001% of the purse seine catch. 

• Bottom trawls and dredges are used much more intensively in the Northeast region than 
herring mid-water trawls and pair trawls.  Overall, throughout the entire region, herring mid-
water trawls (single and pair trawls) only accounted for 1.1% of all days absent from port by 
mobile gear vessels during 1997-2002. 

 
The fishing gear effects evaluation has lead to a determination that gear used in the directed 
Atlantic herring fishery (mid-water trawls and purse seines) has a potential adverse effect on 
EFH that is not more than minimal or temporary in nature.  Therefore, the MSA does not require 
implementation of management measures to minimize impacts on EFH.  In addition, the 
evaluation concluded that fishing gears used in other northeast fisheries (otter trawls and 
dredges) have a potential adverse effect on Atlantic herring EFH that is also not more than 
minimal or temporary in nature. Therefore, the MSA does not require implementation of 
management measures to minimize impacts of fishing on herring EFH. 
 

3.2 IMPACTS OF THE HERRING FISHERY ON EFH FOR OTHER SPECIES 
It is possible that occasional bottom contact by mid-water herring trawls could potentially affect 
EFH for benthic life stages of species in the Northeast region, especially those that occupy sand 
and mud habitats that may be disturbed from time to time by mid-water trawls.  Purse seines 
could have similar effects in a variety of benthic habitat types.  A list of federally-managed 
species and life stages in the Northeast region that have been determined to have EFH that is 
vulnerable to the effects of bottom trawling and dredging is shown in Table 12. 
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The EFH vulnerability rankings in this table were based on published scientific information on 
the life histories and habitat requirements of each species and life stage, using a numerical 
evaluation procedure. Six criteria were qualitatively evaluated for each life stage based upon 
existing information. Each evaluation consisted of a score based upon a predefined threshold. 
The first three criteria were related to habitat function and included shelter, food and 
reproduction.  Scores for these criteria were determined as follows: 
 
Shelter:  (Scored from 0-2).  If the lifestage has no dependence upon bottom habitat to provide 
shelter then a 0 was selected.  Almost every lifestage evaluated has some dependence upon the 
bottom for shelter, so 0 was seldom used.  If the lifestage has some dependence upon 
unstructured or non-complex habitat for shelter it was scored a 1.  For example, flatfishes that 
rely primarily on cryptic coloration for predator avoidance or small-scale sand waves for refuge 
were scored a 1.  If the lifestage has a strong reliance on complex habitats for shelter it was 
scored a 2.  For example, species such as juvenile cod and haddock that are heavily reliant on 
structure or complex habitat for predator avoidance were scored a 2. 
 
Food:  (Scored from 0-2).  If the lifestage has no dependence on benthic prey it was scored a 0.  
For example, eggs were always scored a 0 as were lifestages that fed exclusively in the plankton.  
If the lifestage utilizes benthic prey for part of its diet, but is not exclusively a benthic feeder, it 
was scored a 1.  For example, species feeding opportunistically on crabs as well as squid or fish 
were scored a 1.  If the lifestage feeds exclusively on benthic organisms and cannot change its 
mode of feeding it was scored a 2. 
 
Reproduction: (Scored from 0-1).  If the species has no dependence upon bottom habitats for 
spawning or its lifestage was not a reproductive stage it was scored a 0.  For example, species 
that spawn in the water column were scored a 0 as well as juveniles of all species.  If the species 
has some dependence upon bottom habitats for spawning it was scored a 1.  For example, species 
that spawn on or over the bottom were scored a 1.  This criteria was the most difficult to assess 
since there is limited knowledge on spawning behavior for many species. 
 
Habitat Sensitivity:  (Scored from 0-2).  This criterion no longer evaluates the function of the 
habitat for the species, but looks instead at its overall sensitivity to disturbances.  The habitat 
needed by the species was based primarily upon its EFH designation.  If a habitat was not 
considered sensitive to disturbance it was scored a 0.  However, a score of 0 was not used for any 
benthic habitat type.  If the habitat was considered to have a low sensitivity it was scored a 1.  
For example, habitats that are typically characterized as high-energy environments without 
structural complexity or have rapid recovery rates were scored a 1 (e.g., high-energy sand 
environments).  If the habitat type was considered highly sensitive it was scored a 2.  For 
example, habitats that are characterized as structurally complex (such as habitats supporting 
epibenthic communities, boulder pile fields, etc.) or have very slow recovery rates (such as low 
energy deepwater environments) were scored a 2.  These scores were based upon the existing 
conceptual models that show a direct relationship between structural complexity of the habitat 
and recovery time with increasing vulnerability. 
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Habitat Rank: The habitat rank was determined quantitatively as the sum of the previous scores 
(shelter + food + reproduction + habitat sensitivity).  Another way to characterize the habitat 
rank is the relative vulnerability of the habitat to non-natural physical disturbance.  The rank 
could range from 0-7, with 7 being the most vulnerable. 
 
Gear Distribution: (Scored from 0-2).  This criterion factors in the use of a particular gear type 
(otter trawl, scallop dredge, hydraulic clam dredge) in EFH for a particular lifestage.  If the gear 
is not used in the described EFH it was scored a 0.  If the gear operates in only a small portion of 
the described EFH it was scored a 1.  If the gear operates in more than a small amount of the 
described EFH it was scored a 2.  The overlap between gear distribution and EFH was 
determined by comparing EFH distribution maps for the benthic life stages of each species with 
distribution maps for fishing gears that could adversely impact benthic habitats (e.g., for Atlantic 
herring eggs, with Figure 8 – Figure 13). 
 
Gear Rank: The gear rank provides the vulnerability of EFH to a particular gear type and was 
calculated as the product of the Habitat Rank x Gear Distribution.  Based upon natural breaks in 
the gear rank frequency distribution, the following classifications were made: zero, low, 
moderate, and high vulnerability.  Zero vulnerability to the gear (or “none”) equals a score of 0 
and could only be attained if the gear was not used in the habitat (gear distribution = 0).  Scores 
of 1 - 6 equals low vulnerability to the gear.  This generally occurred where the gear has minimal 
overlap with EFH (gear distribution = 1) and Habitat Rank was less than 7.  Additionally, low 
vulnerability could be in habitats with high gear overlap (gear distribution = 2) but where Habitat 
Rank was low (3 or less).  Scores of 7 - 9 equals moderate vulnerability to the gear.  This 
typically occurred where gear overlap with EFH was high (gear distribution = 2) and habitat rank 
was 4 or, overlap with EFH was low (gear distribution = 1) and Habitat Rank was 7.   Scores of 
10 - 14 equal high vulnerability to the gear.  This occurred only if the gear overlap with EFH was 
high (gear distribution = 2) and the habitat rank was 5 or more. 
 
Most of these species and life stages inhabit sand or mud bottom.  EFH for these species and life 
stages could possibly be vulnerable to any bottom disturbance caused by mid-water trawls or 
purse seines as well.  Because any bottom contact by herring mid-water trawls is limited 
primarily to sand and mud bottoms, no adverse impacts are expected on rocky or gravel 
substrates.  If the quality of benthic EFH for other species in the NE region is reduced as a result 
of bottom contact by herring fishing gear, the effects are no more than minimal or temporary in 
nature.  These conclusions are summarized in Table 13. 
 
Conclusions 
The evaluation concluded that fishing gears used in other northeast fisheries (otter trawls and 
dredges) have a potential adverse effect on Atlantic herring EFH that is also not more than 
minimal or temporary in nature. Therefore, the MSA does not require implementation of 
management measures to minimize impacts of fishing on herring EFH. 
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Table 6. Atlantic herring EFH - vulnerability to effects of bottom-tending fishing gears. 

EFH Vulnerability* 
Life Stage Geographic Area of EFH Depth 

(m) Seasonal Occurrence EFH Description 
OT SD CD PT NL

Eggs 
GOME, GB and following estuaries: 
Englishman/Machias Bay, Casco Bay, and 
Cape Cod Bay 

20 - 80 July through November

Bottom habitats with a 
substrate of gravel, 
sand, cobble, shell 
fragments, and aquatic 
macrophytes, tidal 
currents 1.5 - 3 knots   

L L 0 L L 

Larvae 

GOME, GB, Southern NE and following 
estuaries: Passamaquoddy Bay to Cape Cod 
Bay, Narragansett Bay, and Hudson R./ 
Raritan Bay  

50 - 90 

Between August and 
April, peaks from 
September to 
November 

Pelagic waters NA NA NA NA NA

Juveniles 

GOME, GB, Southern NE and Middle 
Atlantic south to Cape Hatteras and 
following estuaries: Passamaquoddy Bay to 
Cape Cod Bay; Buzzards Bay to Long 
Island Sound; Gardiners Bay to Delaware 
Bay 

15 - 135  Pelagic waters and 
bottom habitats NA NA NA NA NA

Adults 

GOME, GB, southern NE and middle 
Atlantic south to Cape Hatteras and 
following estuaries: Passamaquoddy Bay to 
Great Bay; Mass. Bay to Cape Cod Bay; 
Buzzards Bay to Long Island Sound; 
Gardiners Bay to Delaware Bay; and 
Chesapeake Bay  

20 - 130  Pelagic waters and 
bottom habitats NA NA NA NA NA

Spawning 
Adults 

GOME, GB, southern NE and middle 
Atlantic south to Delaware Bay and 
Englishman/Machias Bay Estuary 

20 - 80 July through November

Bottom habitats with a 
substrate of gravel, 
sand, cobble, and shell 
fragments, also on 
aquatic macrophytes 

L L 0 L L 

Rationale: Atlantic herring (Clupea harengus) is a coastal pelagic species ranging from Labrador to Cape Hatteras in the western Atlantic (Reid et al. 
1999; Munroe 2002).  For most pelagic life stages (larvae, juveniles, adults) EFH vulnerability to bottom-tending fishing gear s is not applicable.  
Atlantic herring eggs are laid in high-energy, benthic habitats on rocky, pebbly, gravelly or shell substrates or macrophytes (Reid et al. 1999; Munroe 
2002).  These habitats are less susceptible to fishing gear impacts since they have evolved under a high-energy disturbance regime (strong bottom 
currents).  Vulnerability of herring egg EFH to scallop dredges and otter trawls is considered low.  Although these gears may directly affect the eggs, 
only the effect of the gear on the functional value of the habitat was considered for this evaluation. EFH vulnerability from clam dredges was 
considered to be none since this gear does not operate in areas of herring egg EFH. Spawning adults are closely associated with the bottom.  Effects on 
the functional value of habitat from mobile gears are unknown and were rated as low since spawning occurs on the bottom.  EFH vulnerability from 
clam dredges was rated as none for the reasons described above.  Spawning could be disrupted by noise associated with these gears, but this issue was 
not addressed as a habitat related issue. 
Definitions: GOME - Gulf of Maine; GB - Georges Bank; NE - New England; HAPC - Habitat Area of Particular Concern; YOY - Young-of-Year; 
OT - Otter Trawls; SD - New Bedford Scallop Dredge; CD - Hydraulic Clam Dredge; PT- Pots and Traps; NL - Gill Nets and Longlines. NA - not 
applicable; 0 - No vulnerability; L - Low vulnerability; M - Moderate vulnerability; H - High vulnerability; EFH - essential fish habitat; * derived 
from matrix analysis – see Table 12. 
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Table 7. Published observations of the behavioral responses of Atlantic herring to noise created by vessels and fishing gear. 
Authors Title Citation Year Summary 

Mohr, H.  Observations on 
the Atlanto-
Scandian herring 
with respect to 
schooling and 
reactions to fishing 
gear. 

in Vol. 3, p. 4507-
577, of  Proceedings 
of the Conference on 
Fish Behavior in 
relation to Fishing 
Techniques and 
Tactics, FAO 
Fisheries Report No. 
62, Vol. 1-3; ed. A. 
Ben-Tuvea, W. 
Dickson. 

1968 This paper reports observations on Atlanto-Scandian herring. (1) Herring 
east of Iceland were not active or reactive to stimuli. Ships passing through 
concentrations did not cause a reaction. Fish did not take flight before the 
net. Dense masses of fish present 20 m below the net. (2) Migrating herring 
in Arctic water similar to that east of Iceland. Once in warmer waters, 
travel at much greater speed and showed sensitive reaction to ship and 
gear. Frequent changes of direction in front of ship, sometimes divided 
into two or more schools. At 30 to 40 m from net, fish moved quickly to 
sides or downwards, found 20m to 50m below net. Trawling not 
successful, gear could not reach fish before they reformed an escaping 
school. Tow speed 3.8 to 4 kn. (3) In coastal waters, schools dispersed 
some at night but still sensitive to ship and gear. Catches usually poor 
because fish disappeared downwards; seiners, on the other hand, 
successful. Some fish at deeper levels could be caught successfully as they 
appeared not to react.   One additional observation noted that when net was 
lowered quickly, school did not disperse. 

Okonski, S.  Echo sounding 
observations of fish 
behavior in the 
proximity of the 
trawl. 

in Proceedings of the 
Conference on Fish 
Behavior in relation 
to Fishing 
Techniques and 
Tactics, FAO 
Fisheries Report No. 
62, Vol. 1-3; ed. A. 
Ben-Tuvea, W. 
Dickson. 

1968 Reaction of fish schools dependent on how net "attacked" school. Schools 
went up when net attacked lower part of school. Observations made on 2 
boat pair trawl in the Skagerrak, 16-20 m net opening, 3.5 knot tow speed. 
Scattered herring returned to a more compact form 450 m or 5 minutes 
after net passed. 

Misund, Ole Arve Sonar observations 
of schooling 
herring: school 
dimensions, 
swimming 
behavior, and 
avoidance of vessel 
and purse seine 

Rapp. P.-v. Cons. int. 
Explor. Mer. 
189:135-146. 

1990 Norwegian spring spawning herring (winter fishery) and North Sea herring 
(summer fishery). Avoidance behavior most apparent with spawning, 
migrating schools. Schools escaped capture 36% of the sets in summer 
daylight. North Sea herring observed to escape under the sinking net, 
under the vessel, and in four instances school divided. Some bycatches of 
preying cod and saithe. Norwegian herring did not show avoidance behavior 
at night; North Sea herring did during the day.  
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Authors Title Citation Year Summary 

Misund, Ole A. and 
Asgeir Aglen 

Swimming 
behavior of fish 
schools in the 
North Sea during 
acoustic surveying 
and pelagic trawl 
sampling.  

ICES J. Mar. Sci. 
49:325-334 

1992 Herring may react to trawl by expelling gas from swim bladder to dive more 
quickly. Observed diving and vertical compression of schools after the 
vessel passed, but before the trawl arrived.  

Suuronen, Petri, 
Esa Lehtonen, John 
Wallace 

Herring avoidance 
and escape during 
midwater trawling. 

Misund PhD. Thesis 1995 Baltic herring, SE coast of Finland. 15-35 m daytime depth, 2-20 m night. 
Tow speed 2.2-3.3 knots. Mouth opening of 15-22m, 25m to 35 m between 
wingtips. Paired MWT. Avoidance reactions, usually strong downward. 
Parts of school escaped on 170 of 493 observations. Returned to earlier 
swimming depth as soon as trawl passed. Avoidance reaction varied 
significantly with time of day, CPUE and water temp. Reactions 
stronger during daytime, reaction distance short (probably reacting 
within visible range). More avoidance reactions when large quantities of 
herring in the water. 

Pitcher, Tony J., 
O.A. Misund, 
Anders Ferno, 
Bjorn Totland, 
Vebjorn Melle. 

Adaptive behavior 
of herring schools 
in the Norwegian 
Sea as revealed by 
high resolution 
sonar. 

ICES J. Mar. Sci. 
53:449-452 

1996 Wide range of and frequent responses by schools to various stimuli. At 
approach of a saithe school, herring dove rapidly to 150m. Similar response 
noticed at approach of research vessel. Schools are very dynamic regime. 
Some change in status every 5.5. minutes. 
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Table 8. Species observed during Atlantic herring mid-water trawl and purse seine trips, 
sorted by category. 

Pelagic Species Semi-demersal species Demersal species 
Alewife Atlantic cod Monkfish 
Bluefish Haddock Ocean pout 
Spiny dogfish Red hake Sculpin 
Blueback herring Silver hake Sea raven 
Shad White hake Sea robin 
Atlantic mackerel Northern shrimp Skates 
Squid Lumpfish American plaice 
Other sharks Scup Winter flounder 
Striped bass Pollock Witch flounder 
Tuna   
Butterfish   
Atlantic menhaden   
Rays   

 
Table 9. Catch (lbs and percent of total catch) of pelagic, semi-demersal, demersal species, 

and Atlantic herring in 110 single mid-water trawl and pair trawl trips sampled 
during 1994-2004. 

 NMFS, 
1994-2002 

NMFS, 
2003 JV, 2001 ME DMR, 

1997-1998 
ME DMR, 
2003-2004 TOTAL PERCENT 

Number of 
trips 18 27 23 27 15 110  

Pelagic 
species 202,103 73,764 0 117,494 11,702 405,063 0.967 

Semi-
Demersal 
species 

487 3,627 332,734 48 429 337,325 0.805 

Demersal 
species 43 22 0 70 5 140 .0003 

Atlantic 
herring 3,653,048 6,956,552 23,632,970 4,489,898 2,414,475 41,146,943 98.23 

Total 3,855,681 7,033,965 23,965,704 4,607,510 2,426,611 41,889,471  
 
Table 10. Catch (lbs and percent of total catch) of pelagic, semi-demersal, demersal species, 

and Atlantic herring in 31 herring purse seine trips sampled during 1994-2004. 

 NMFS,  
1994-2002 

NMFS, 
2003 

ME DMR, 
1997-1998 

ME DMR, 
2003-2004 TOTAL PERCENT 

Number of trips 3 2 23 3 31  
Pelagic species 700 24 77,366 719 78,809 1.519 
Semi-Demersal 
species 0 0 10 1 11 0.0002 

Demersal species 0 0 4 0 4 0.0001 
Atlantic herring 550,000 115,000 4,003,400 441,000 5,109,400 98.4801 
Total 550,703 115,026 4,080,803 441,723 5,188,255  
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Table 11. Estimated percentages of total fishing activity (days absent from port) in the 

Northeast region of the U.S. for six types of mobile fishing gears, based on NMFS 
vessel trip reports and clam dredge logbook data collected during 1995-2002. 

Gear Years Reported 
Days 

Percent 
Trips 

Reported 

"Missing" 
Days 

“New” 
Days 

Annual 
Average 

Percent 
Total 

All bottom 
trawls 

1995-
2001 395,013 0.785 84,928 479,941 68,563 67.81 

Scallop 
dredges 

1995-
2001 157,513 0.72 44,104 201,617 28,802 28.49 

Clam 
dredges 

1995-
2001 15,951 0.992 128 16,079 2,297 2.27 

Mid-water 
trawls 

1997-
2002 3,135 0.765 737 3,872 645 0.64 

Pair trawls 1997-
2002 2,366 0.765 556 2,922 487 0.48 

Purse seines 1997-
2002 1,538 0.765 361 1,899 317 0.31 

Note: “Reported” days at sea were only for trips that were assigned a latitude and longitude. “Missing” days (for 
trips reported by statistical area) were estimated according to the percentage of “unreported” trips for each gear type 
and added to “reported” days to get “new” days.  Percent trips reported for mid-water trawls, pair trawls, and purse 
seines were not available for individual gears.  A “day absent from port” equals 24 hrs from the date and time a 
vessel left port to when it returned and does not represent actual time spent fishing. 
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Table 12. EFH vulnerability matrix for benthic life stages of federally managed fish and 

shellfish species in the Northeast region of the U.S. 
Habitat Criteria Gear Criteria Gear Ranks EFH Vulnerability 

Species Shelter Food Repro Habitat 
Sensitivity 

Habitat 
Rank OT 

Dist.
SD 

Dist.
CD 

Dist.
OT 

Rank 
SD 

Rank 
CD 

Rank 
OT 

Vuln. 
SD 

Vuln.
CD 

Vuln. 
American Plaice (A) 1 2 1 1 5 2 2 0 10 10 0 High High None 
American Plaice (J) 1 2 0 1 4 2 2 0 8 8 0 Mod Mod None 
Atlantic Cod (A) 1 1 0 2 4 2 2 1 8 8 4 Mod Mod Low 
Atlantic Cod (J) 2 1 0 2 5 2 2 0 10 10 0 High High None 
Atlantic Halibut (A) 1 1 1 1 4 2 2 0 8 8 0 Mod Mod None 
Atlantic Halibut (J) 1 2 0 1 4 2 2 0 8 8 0 Mod Mod None 
Atlantic Herring (E) 0 0 1 1 2 2 2 0 4 4 0 Low Low None 
Atlantic Herring (SA) 0 0 1 1 2 2 2 0 4 4 0 Low Low None 
Atlantic Sea Scallops (A) 1 0 1 1 3 2 2 2 6 6 6 Low Low Low 
Atlantic Sea Scallops (J) 1 0 0 1 2 2 2 2 8 8 8 Low Low Low 
Barndoor Skate (A) 1 1 1 1 4 2 2 1 8 8 4 Mod Mod Low 
Barndoor Skate (J) 1 2 0 1 4 2 2 1 8 8 4 Mod Mod Low 
Black Sea Bass (A) 2 1 0 2 5 2 2 2 10 10 10 High High High 
Black Sea Bass (J) 2 1 0 2 5 2 2 2 10 10 10 High High High 
Clearnose Skate (A) 1 1 1 1 4 2 2 2 8 8 8 Mod Mod Mod 
Clearnose Skate (J) 1 2 0 1 4 2 2 2 8 8 8 Mod Mod Mod 
Golden Crab (J,A) 1 1 1 2 5 1 0 0 5 0 0 Low None None 
Haddock (A) 1 2 0 2 5 2 2 1 10 10 5 High High Low 
Haddock (J) 2 2 0 2 6 2 2 1 12 12 6 High High Low 
Little Skate (A) 1 1 1 1 4 2 2 2 8 8 8 Mod Mod Mod 
Little Skate (E) 0 0 1 1 2 2 2 2 4 4 4 Low Low Low 
Little Skate (J) 1 2 0 1 4 2 2 2 8 8 8 Mod Mod Mod 
Goosefish (A) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Goosefish (J) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Ocean Pout (A) 2 2 1 2 7 2 2 2 14 14 14 High High High 
Ocean Pout (E) 2 0 1 2 5 2 2 2 10 10 10 High High High 
Ocean Pout (J) 2 2 0 2 6 2 2 2 12 12 12 High High High 
Ocean Quahog (A) 1 0 1 1 3 2 2 2 6 6 6 Low Low Low 
Ocean Quahog (J) 1 0 0 1 2 2 2 2 4 4 4 Low Low Low 
Offshore Hake (A) 1 1 0 1 3 2 1 0 6 3 0 Low Low None 
Offshore Hake (J) 1 1 0 1 3 2 1 0 6 3 0 Low Low None 
Pollock (A) 1 1 1 1 4 2 2 1 8 8 4 Mod Mod Low 
Pollock (J) 1 1 0 1 3 2 2 1 6 6 3 Low Low Low 
Red Crab (A) 1 1 1 2 5 1 0 0 5 0 0 Low None None 
Red Crab (J) 1 1 0 2 4 1 0 0 4 0 0 Low None None 
Red Drum (A) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Red Drum (J) 2 1 0 2 5 1 0 0 5 0 0 Low None None 
Red Hake (A) 1 2 0 1 4 2 2 1 8 8 4 Mod Mod Low 
Red Hake (J) 2 2 0 2 6 2 2 2 12 12 12 High High High 
Redfish (A) 1 1 0 2 4 2 2 0 8 8 0 Mod Mod None 
Redfish (J) 2 1 0 2 5 2 2 0 10 10 0 High High None 
Rosette Skate (A) 1 1 1 1 4 2 2 2 8 8 8 Mod Mod Mod 
Rosette Skate (J) 1 2 0 1 4 2 2 2 8 8 8 Mod Mod Mod 
Scup (A) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Scup (J) 1 2 0 1 4 2 2 2 8 8 8 Mod Mod Mod 
Silver Hake (A) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Silver Hake (J) 1 1 0 2 4 2 2 2 8 8 8 Mod Mod Mod 
Smooth Skate (A) 1 2 1 1 5 2 2 0 10 10 0 High High None 
Smooth Skate (J) 1 2 0 1 4 2 2 0 8 8 0 Mod Mod None 
Spiny Dogfish (A) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Spiny Dogfish (J) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Summer Flounder (A) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Summer Flounder (J) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
(Atlantic) Surfclam (A) 1 0 1 1 3 2 2 2 6 6 6 Low Low Low 
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Habitat Criteria Gear Criteria Gear Ranks EFH Vulnerability 
Species Shelter Food Repro Habitat 

Sensitivity 

Habitat 
Rank OT 

Dist.
SD 

Dist.
CD 

Dist.
OT 

Rank 
SD 

Rank 
CD 

Rank 
OT 

Vuln. 
SD 

Vuln.
CD 

Vuln. 
(Atlantic) Surfclam (J) 1 0 0 1 2 2 2 2 4 4 4 Low Low Low 
Thorny Skate (A) 1 1 1 1 4 2 2 0 8 8 0 Mod Mod None 
Thorny Skate (J) 1 2 0 1 4 2 2 0 8 8 0 Mod Mod None 
Tilefish (A) 2 2 0 1 5 2 1 0 10 5 0 High Low None 
Tilefish (J) 2 2 0 1 5 2 1 0 10 5 0 High Low None 
White Hake (A) 1 1 0 1 3 2 2 0 6 6 0 Low Low None 
White Hake (J) 1 2 0 1 4 2 2 0 8 8 0 Mod Mod None 
Windowpane Flounder (A) 1 0 0 1 2 2 2 2 4 4 4 Low Low Low 
Windowpane Flounder (J) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Winter Flounder (A) 1 1 1 1 4 2 2 2 8 8 8 Mod Mod Mod 
Winter Flounder (E) 0 0 1 1 2 2 2 2 4 4 4 Low Low Low 
Winter Flounder (J) 1 1 0 1 3 2 2 2 6 6 6 Low Low Low 
Winter Skate (J) 1 2 0 1 4 2 2 2 8 8 8 Mod Mod Mod 
Winter Skate (A) 1 1 1 1 4 2 2 2 8 8 8 Mod Mod Mod 
Witch Flounder (A) 1 2 0 1 4 2 1 1 8 4 4 Mod Low Low 
Witch Flounder (J) 1 2 0 1 4 2 1 0 8 4 0 Mod Low None 
Yellowtail Flounder (A) 1 2 0 1 4 2 2 2 8 8 8 Mod Mod Mod 
Yellowtail Flounder (J) 1 2 0 1 4 2 2 2 8 8 8 Mod Mod Mod 

 
KEY:  (J) = juvenile, (A) = adult, (E) = egg, (SA) = spawning adult,  OT = Otter Trawl; SD = New Bedford Scallop 
Dredge; and CD = Hydraulic Clam Dredge.  See text (Section 5.1.2) for explanation of rankings. 
 



 

APPENDIX VI  Herring Gear Effects Evaluation 51

 
Table 13. Conclusions relating to EFH impact analyses for fishing gears used in the 

Atlantic herring fishery, other MSA fisheries, and non-MSA fisheries. 

Gear Herring egg EFH Juvenile and adult herring 
EFH 

EFH for other  
species 

Herring fishery    

   Mid-water trawls 

Bottom contact - no 
adverse impact ( rocky 
substrate); potential 
adverse impacts that are 
not more than minimal or 
temporary in nature 
(gravel/sand) 

Noise - potential adverse 
impacts that are not more 
than minimal or temporary 
in nature 

Bottom contact - No 
adverse impact (rocky 
substrate) to potential 
adverse impacts that are 
not more than minimal or 
temporary in nature 
(gravel/sand) 

   Purse seines 

Bottom contact - potential 
adverse impacts that are 
not more than minimal or 
temporary in nature 

Noise - potential adverse 
impacts that are not more 
than minimal or temporary 
in nature 

Bottom contact - minimal 
and temporary adverse 
impact 

Other MSA fisheries    

   Bottom trawls 

Bottom contact - potential 
adverse impacts that are 
not more than minimal or 
temporary in nature 

Noise - potential adverse 
impacts that are not more 
than minimal or temporary 
in nature 

N/A 

   Scallop dredges 

Bottom contact - potential 
adverse impacts that are 
not more than minimal or 
temporary in nature 

Noise - potential adverse 
impacts that are not more 
than minimal or temporary 
in nature 

N/A 

   Clam dredges 

Bottom contact - potential 
adverse impacts that are 
not more than minimal or 
temporary in nature 

Noise - potential adverse 
impacts that are not more 
than minimal or temporary 
in nature 

N/A 

   Fixed gear 

Bottom contact - potential 
adverse impacts that are 
not more than minimal or 
temporary in nature 

Noise - potential adverse 
impacts that are not more 
than minimal or temporary 
in nature 

N/A 

Non-MSA fisheries    
   Mussel dredges Potential impacts Not evaluated N/A 
   Sea urchin dredges Potential impacts Not evaluated N/A 
   Lobster pots Potential impacts Not evaluated N/A 
 
EFH impacts of non-MSA fisheries are evaluated in Section 5.0 of this document. 
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4.0 IMPACTS OF OTHER MSA FISHERIES ON ATLANTIC HERRING EFH 
Comparison of ten minute squares of latitude and longitude that have been designated as EFH for 
Atlantic herring eggs (see Amendment 1 DSEIS document) with maps showing the distribution 
of fishing activity by gear type in the NE region (Figure 8 - Figure 20) reveals that the following 
bottom-tending fishing gears could potentially affect herring egg EFH: bottom otter trawls that 
catch fish and northern shrimp, scallop dredges, lobster pots, fish and hagfish pots, bottom gill 
nets, and bottom longlines.  However, EFH for Atlantic herring eggs and spawning adults in the 
Northeast region was ranked low in terms of its vulnerability to the effects of bottom otter trawls, 
scallop dredges, pots and traps, and bottom gill nets and longlines (Table 12).  Essential fish 
habitats that were given a low vulnerability rank were not considered to be adversely impacted to 
a degree that is more than minimal or temporary in nature. 
 
As explained in the rationale section at the bottom of Table 6, herring egg habitats are “less 
susceptible to fishing gear impacts since they have evolved under a high-energy disturbance 
regime (strong bottom currents).  Although [scallop dredges and bottom trawls] may directly 
affect the eggs, only the effect of the gear on the functional value of the habitat was considered 
for this evaluation.”  Bottom trawling and scallop dredging have been shown to re-suspend and 
disperse fine bottom sediments in the path of the gear (Stevenson et al. in press), so that, if 
anything, use of these gears on herring egg substrates might increase the amount of hard surface 
area available for spawning and improve the quality of herring egg EFH.  For spawning adult 
EFH, “spawning could be disrupted by noise associated with these gears, but this issue was not 
addressed as a habitat-related issue.”  Research has shown, however, that any disturbance to EFH 
for spawning adult herring caused by noise associated with fishing is temporary, since schools of 
herring that are dispersed by the passage of a vessel or a net quickly re-form (Table 7).  
 
One type of substrate for herring eggs that is included in the EFH description is “aquatic 
macrophytes.”  Because benthic macroalgae are attached to hard substrates and extend up into 
the water column for some distance, they are very susceptible to damage or removal by bottom-
tending gear, particularly bottom trawls and dredges (NREFHSC 2002).  If bottom vegetation or 
emergent epifauna (e.g., bryozoans, hydroids, sponges) were preferred substrates for herring 
eggs, or if egg survival rates were appreciably higher on this kind of substrate, then herring egg 
EFH would be much more vulnerable to the effects of mobile, bottom-tending gear.  Such is not 
the case.  Underwater observations of herring egg “beds” have shown that the eggs are laid in 
carpets up to 5 inches thick over anything that is on the bottom in the location that the fish have 
selected as a spawning site (Table 14).  Although there are some observations of herring eggs 
deposited in benthic algae (McKenzie 1964, Cooper et al. 1975) in the Gulf of Maine, 
observations of eggs on shell fragments, and gravel, sandy, or rocky substrates are much more 
common.  Underwater observations also have demonstrated that hatching rates of herring eggs 
laid in layers an inch thick in areas with strong bottom currents are very high (Stevenson and 
Knowles 1988), indicating that utilization of emergent vegetation or epifauna would not have 
improved egg survival rates.  Bottom currents of 1.5 – 3 knots are listed as part of the EFH 
description for Atlantic herring eggs. 
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As noted in the previous section, disturbance of abiotic (non-living) egg substrate by any kind of 
bottom-tending gear is not likely to cause a reduction in the functional value of the habitat.  
There is no evidence to indicate that herring are less likely to deposit their eggs on bottom 
habitats composed of gravel, sand, cobble, and shell fragments that have been disturbed by any 
kind of mobile, bottom-tending fishing gear than on un-disturbed substrate, or that eggs 
deposited on disturbed substrates would have a reduced survival rate.   
 
In conclusion, bottom-tending mobile gears used in other MSA fisheries may have adverse 
effects on benthic EFH for herring eggs or pelagic EFH for juvenile and adult herring, but they 
are not more than minimal or temporary in nature (Table 13). 
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Table 14. Underwater observations of Atlantic herring eggs from the Gulf of Maine and Georges Bank. 
Authors Observation/ 

Sampling 
Method 

Location Latitude/Longitude Date Depth 
(m) 

Size  
(km2) 

Thickness 
(cm) 

Current  
(knots) 

Substrate 

McKenzie 
1964 

Biological 
dredge 

Trinity Ledge,  
SW Nova 
Scotia 

44°01′N/66 12′W Sept ′61 11-13 .067 Trace to 
3.25 

1.5-2 Flat, sandy bottom with few 
small stones, no vegetation** 

Caddy & Iles 
1973 

Submersible Northern 
portion of 
eastern Georges 
Bank 

41°54′N/67 15′W 
41°52′N/67 15′W 
41 59′N/67 33′W 

Sept/Oct 
1970 

50 1.1* 
0.53* 
0.3* 

1-2 0.5-1 Level gravel, on rounded 
pebbles 2-10 mm in diameter 
and on epifaunal growth 

Cooper et al. 
1975 

SCUBA 
divers, grab 
samples 

East of Cape 
Ann, MA and 
Jeffreys Ledge 

42°40′N/70 25′W 
42°47′N/70 15′W 

Oct ′74 35-50 
40-55 

0.78 
1.39 

Max 4-5   Bedrock, boulder, rock, gravel 
and shell with 0-80% red alga 
(Ptiloda serrata) cover 

Stevenson & 
Knowles 
1988 

ROV, grab 
samples & 
SCUBA 

Eastern Maine 44°46′N/67 02′W 
 
44°34′N/67 20′W 
44°38′N/67 13′W 

Sept ′85 
 
Sept ′86 
Sept ′86 

30 
 
40-50 
20-35 

 
 
 
0.8 

 
 
 
1-3 

 Flat bottom, primarily large 
shell fragments and gravel 
Primarily shell fragments 
Egg cover thickest on gravel 
and shell fragments 

Valentine, 
pers. comm. 

Underwater 
video, grab 
sample 

Stellwagen 
Bank 

42°23'N/70 19'W Oct '96 34    Coarse sand 

*Egg bed sizes given in Pankratov and Sigajev 1973 
**Eggs were observed “completely permeating” an alga (Desmarestia aculeata) on a nearby spawning site that was not surveyed. 
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5.0 IMPACTS OF NON-MSA FISHERIES ON ATLANTIC HERRING EFH 
The following section describes the potential adverse impacts of non-MSA (Magnuson-Stevens 
Act) fishing activities on EFH for Atlantic herring eggs.  The other life stages of this species are 
pelagic and are not vulnerable to the effects of fishing.  Non-MSA activities include those fishing 
activities that occur within bays, estuaries, and state waters (0-3 miles), or are not regulated 
under a federal fishery management plan.  The general parameters that have been utilized to 
determine potential adverse effects on Atlantic herring eggs include depth, substrate, and 
salinity.  As identified earlier in this document, Atlantic herring generally spawn at depths 
ranging from 20-80 meters.  In addition, they spawn in marine waters, rather than estuarine or 
brackish water, and on coarse bottom substrates, as opposed to softer sediments such as sand and 
mud.  In order to determine which non-MSA fishing activities may have adverse impacts on 
Atlantic herring egg EFH, the following section relies on the information in Table 15 and Table 
16.  Table 15 identifies which fishing gear types are used in estuary/bay or coastal waters (0-3 
miles offshore), those that contact the bottom, and those that are not federally regulated.  Any 
gear type that meets these parameters has been included in this analysis because its use may 
overlap with Atlantic herring spawning habitat.  Those gear types that do not contact the bottom, 
are use exclusively offshore (3-200 miles), and are federally regulated were not included in this 
analysis.  Most of the gear types included in this analysis are described in Section ??? of this 
document.  Table 16 identifies gear types that accounted for 1% or more of total landings in each 
state in 1999. 
 
Conch/Whelk dredges  
The primary species harvested by this gear is the channeled whelk. This species inhabits lower 
intertidal to subtidal waters to a depth of about 18 meters, along bay and ocean beaches (Gosner 
1978).  It is uncommon north of Cape Cod.  Since Atlantic herring spawn in deeper water (20-80 
meters), this gear is therefore not expected to have adverse impacts on Atlantic herring egg EFH. 
 
Crab dredges 
Crab dredges are used to harvest blue crabs within coastal and estuarine areas in the mid-Atlantic 
region where Atlantic herring do not spawn.  Most of the reported landings for this gear type in 
1999 were in Delaware (Table 16).  Therefore, this fishing activity is not expected to have 
adverse impacts on Atlantic herring egg EFH. 
 
Mussel dredges 
Mussel dredges are used in estuaries, bays, and coastal waters.  Mussel dredges are used in the 
Gulf of Maine along the coast of Maine and Massachusetts, and on the south shore of Cape Cod 
and Rhode Island (Figure 21) in substrates and depths similar to those utilized by Atlantic 
herring for spawning. Therefore, this fishing activity may have adverse effects on Atlantic 
herring egg EFH by removing cobbles and benthic epifauna that serve as substrate for herring 
eggs and temporarily increasing the amount of silt, clay, and fine sand on the bottom that does 
not provide suitable egg substrate. 
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Oyster dredges 
Oysters are harvested primarily in sounds and estuaries at salinities between 5-30 ppt (Gosner 
1978).  Oysters are intolerant of prolonged exposure to marine or freshwater salinities (Gosner 
1978).  Thus, they are not generally associated with salinities utilized by Atlantic herring for 
spawning.  Therefore, it is highly unlikely that this fishing activity is having any adverse impact 
on Atlantic herring egg EFH. 
 
Bay scallop dredges 
Bay scallops are generally found within nearshore estuary or bay waters.  Bay scallops are 
generally found in shallow waters out to 15 meters (Gosner 1978), while Atlantic herring 
spawning generally occurs at depths ranging from 20-80 meters. Bay scallops reside on the 
substrate and are located primarily on sandy or muddy bottoms, or associated with eelgrass beds 
(http://www.csc.noaa.gov/benthic/resources/species/species4.htm).  Atlantic herring prefer hard 
substrates for spawning and are not expected to be located in association with bay scallops. 
Therefore, this fishing activity is not expected to adversely affect Atlantic herring egg EFH. 
 
Sea urchin dredges 
Sea urchin dredges are utilized primarily in coastal waters along the western Gulf of Maine coast 
in areas where herring spawn (see Figure 22 and  
 
). Sea urchins are generally associated with substrates ranging from sand to cobble (Gosner 
1978), including substrates utilized by herring for spawning.  When used on coarse bottom 
substrates, this type of dredge may adversely impact EFH for Atlantic herring eggs by removing 
cobbles and benthic epifauna that serve as substrate for herring eggs and temporarily increasing 
the amount of silt, clay, and fine sand on the bottom that does not provide suitable egg substrate. 
 
Fyke and hoop nets 
Fyke and hoop nets are utilized primarily in estuary, bay, and coastal waters. They are used in 
shallow water and extensively in river fisheries, whereas Atlantic herring spawning occurs in 
deeper marine waters.  The only state that reported any significant landings for this gear type in 
1999 was Maryland ( 
 
).  Therefore, this fishing activity does not have any adverse impacts on Atlantic herring egg 
EFH. 
 
Beach haul seines 
Beach haul seines are generally utilized in the littoral and surf zones of estuaries, bays and 
coastal waters where Atlantic herring do not spawn.  This gear is also used primarily in the mid-
Atlantic region ( 
 
), not in the Gulf of Maine.  Therefore, this fishing activity does not have any adverse impacts on 
Atlantic herring egg EFH. 
 
Long haul seines 



 

APPENDIX VI  Herring Gear Effects Evaluation 57

Long haul seines are also utilized in estuaries, bays and coastal waters in the mid-Atlantic region 
( 
 
) in shallower inshore areas as opposed to deeper waters associated with Atlantic herring 
spawning.  Therefore, this fishing activity does not have any adverse impacts on Atlantic herring 
egg EFH. 
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Hand hoes 
This gear is utilized to harvest clams and worms in intertidal flats in coastal areas utilized as 
spawning habitat by herring.  However, since Atlantic herring do not spawn within the intertidal 
zone, this fishing activity does not have any adverse effect on Atlantic herring egg EFH. 
 
Crab bottom otter trawl 
This fishing activity occurs within estuary, bay and coastal waters.  Atlantic herring do not 
spawn in estuaries and coastal waters where this gear is used (e.g., in North Carolina – see  
 
).  The primary species harvested with this gear is the blue crab, which is generally found south 
of Massachusetts ( 
 
) and therefore not in areas associated with Atlantic herring spawning areas.  Therefore, this 
fishing activity is not expected to have adverse impacts on Atlantic herring egg EFH. 
 
Crab pots 
Blue crab pots are used within estuary, bay and coastal waters in the mid-Atlantic states ( 
 
).  Other species of crab are harvested with pots in deeper continental shelf water in southern 
New England (Figure 17).  Atlantic herring do not spawn in this location.  Therefore, this gear 
type is not expected to adversely affect EFH for Atlantic herring eggs. 
 
Fish pots 
Hagfish pots are fished in deep waters in marine environments associated with Atlantic herring 
spawning (Figure 18).  However, hagfish pots are generally fished in association with mud 
bottoms rather than the gravelly bottoms preferred by spawning Atlantic herring.  Cylindrical 
pots are typically used for capturing eels in Chesapeake Bay where Atlantic herring do not 
spawn.  Pots used to catch finfish such as scup and black sea bass are used primarily south of 
Cape Cod (Figure 16).  Fish pots are not generally used in areas utilized as spawning substrate by 
herring and are not expected to affect EFH for herring eggs.  
 
Lobster pots 
Lobster pots are used extensively in estuaries, bays and within coastal and offshore waters of the 
Gulf of Maine and southern New England (Figure 14).  Lobster fishing occurs at similar depths 
and on the same substrates that are utilized by Atlantic herring for spawning and impacts to egg 
EFH could result from the combined effect of repeatedly setting and hauling large numbers of 
pots throughout the year.  The lobster pot fishery may have adverse impacts on EFH for herring 
eggs by re-suspending fine sediments, which will settle out on the bottom and cover hard 
substrates that provide substrate for herring eggs.  
 
Pound nets 
Pound nets are utilized to harvest crab and fish in estuaries, bays, and coastal waters, generally in 
depths less than 50 meters.  This gear is utilized primarily in mid-Atlantic waters (Table 30), and 
is not associated with Atlantic herring spawning areas in the Gulf of Maine.  Therefore, this 
fishing activity is not expected to have adverse effects on Atlantic herring egg EFH. 
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Rakes 
Rakes are utilized to harvest hard clams and are used primarily within estuaries or shallow bays.  
This fishing activity generally occurs in shallower areas, as opposed to deeper waters utilized for 
Atlantic herring spawning.  Furthermore, this fishing activity is associated with harvest of clams 
that prefer softer substrates, rather than gravelly substrates utilized by herring for spawning.  
Therefore, this fishing activity is not expected to have adverse effects on Atlantic herring egg 
EFH. 
 
Tongs 
Tongs are utilized to harvest clams and oysters within estuarine and bay waters.   The teeth of the 
tongs could have adverse impacts on bottom habitats.  However, oysters and clams prefer sandy 
and mud substrates as opposed to the deeper gravelly substrates utilized for Atlantic herring 
spawning.  Therefore, this fishing activity is not expected to have adverse impacts on Atlantic 
herring egg EFH. 
 
Conclusions 
This section has analyzed non-MSA fishing activities for potential adverse effects on EFH for 
Atlantic herring eggs.  Based on this analysis, the non-MSA fishing activities that may have 
adverse effects on Atlantic herring EFH include mussel dredges, sea urchin dredges, and lobster 
pots.  Of these three gears, dredges have the greatest potential to adversely impact bottom 
habitats that are utilized as spawning grounds by Atlantic herring due to their function as bottom 
tending mobile gears.  However, because lobster pots are so numerous, are hauled so often, and 
are so heavily fished in coastal waters of the Gulf of Maine where Atlantic herring spawn, their 
potential impact on EFH for Atlantic herring eggs could easily exceed that of mussel and sea 
urchin dredges which are used sparingly and can not be towed over very rough bottom without 
being damaged. 
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Table 15  Fishing gears used in estuaries and bays, coastal waters, and offshore waters of 

the EEZ, from Maine to North Carolina. 
GEAR Estuary or Bay Coastal 

0-3 Miles 
Offshore 

3-200 Miles 
Contacts 
Bottom 

Federally 
Regulated 

Bag Nets X X X  X
Beam Trawls X X X X X
By Hand X X  X
Cast Nets X X X  
Clam Kicking X X 
Diving Outfits X X X  
Dredge Clam X X X X X
Dredge Conch X X 
Dredge Crab X X X 
Dredge Mussel X X X 
Dredge Oyster, Common X X 
Dredge Scallop, Bay X X 
Dredge Scallop, Sea X X X X
Dredge Urchin, Sea X X X 
Floating Traps (Shallow) X X X X
Fyke And Hoop Nets, Fish X X X 
Gill Nets, Drift, Other X  X
Gill Nets, Drift, Runaround X  X
Gill Nets, Sink/Anchor, Other X X X X X
Gill Nets, Stake X X X X X
Haul Seines, Beach X X X 
Haul Seines, Long X X X 
Haul Seines, Long(Danish) X X X X
Hoes X X 
Lines Hand, Other X X X  X
Lines Long Set With Hooks X X X X
Lines Long, Reef Fish X X X X
Lines Long, Shark X X  X
Lines Troll, Other X X  X
Lines Trot With Baits X X  X
Otter Trawl Bottom, Crab X X X X 
Otter Trawl Bottom, Fish X X X X X
Otter Trawl Bottom, Scallop X X X X
Otter Trawl Bottom, Shrimp X X X X X
Otter Trawl Midwater X X  X
Pots And Traps, Conch X X X 
Pots and Traps, Crab, Blue Peeler X X X 
Pots And Traps, Crab, Blue X X X 
Pots And Traps, Crab, Other X X X X X
Pots And Traps, Eel X X X 
Pots and Traps, Lobster Inshore X X X 
Pots and Traps, Lobster Offshore X X X
Pots and Traps, Fish X X X X X
Pound Nets, Crab X X X 
Pound Nets, Fish X X X 
Purse Seines, Herring X X  X
Purse Seines, Menhaden X X  
Purse Seines, Tuna X X  X
Rakes X X 
Reel, Electric or Hydraulic X X  X
Rod and Reel X X X  X
Scottish Seine X X X X
Scrapes X X 
Spears X X X  
Stop Seines X X 
Tongs and Grabs, Oyster X X 
Tongs Patent, Clam Other X X 
Tongs Patent, Oyster X X 
Trawl Midwater, Paired X X  X
Weirs X X 

Includes all gears that accounted for 1% or more of any state’s total landings and all gears that harvested any 
amount of any federally managed species, based upon 1999 NMFS landings data and ASMFC Gear Report (ASMFC 
2000).  Shaded rows represent gears that are federally managed and contact the bottom. 
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Table 16  Principal fishing gears used in each state in the Northeast Region in 1999. 

 Percent of Landings (1% or more) for All Species by State  

Gear CT DE MA MD ME NC NH NJ NY RI VA All States 
Combined

By Hand, Other 18   
Diving Outfits, Other 5   1
Dredge Clam 9 10 39 1 1 6
Dredge Crab 11   1
Dredge Mussel 1   
Dredge Other 3   
Dredge Scallop, Sea 7 10 1 1 2   1 2
Dredge Urchin, Sea 1   
Floating Traps (Shallow)  1 
Fyke And Hoop Nets, Fish 2   
Gill Nets, Drift, Other 4 3 2   1
Gill Nets, Drift, Runaround 1   
Gill Nets, Other 14   1
Gill Nets, Sink/Anchor,  12 5 1 42 5 5 4 3 4
Gill Nets, Stake 7   
Haul Seines, Beach 2   1
Haul Seines, Long 1   
Hoes 1   
Lines Hand, Other 1 2 1 1 1 1  1
Lines Long Set With Hooks 4 1 1 4  1
Lines Long, Shark 1   
Lines Troll, Other 1   
Lines Trot With Baits 17   1
Otter Trawl Bottom, Shrimp 1 6 3   1
Otter Trawl Midwater 11 21 8  18 6
Pots And Traps, Conch 2   
Pots And Traps, Crab, Blue 51 36 36 3   6 8
Pots And Traps, Crab, Other 2  1 
Pots And Traps, Eel 2 1   
Pots And Traps, Fish 1 3   
Pots And Traps, Lobster Inshore 13 5 25 9  4 5
Pots And Traps, Lobster Offshore 2 4 9 1  2 1
Pots And Traps, Other 1 1   
Pound Nets, Crab 1   
Otter Trawl Bottom, Crab 1   
Otter Trawl Bottom, Fish 61 38 3 9 7 26 26 58 56 2 18
Pound Nets, Fish 14 1 1  4 2
Purse Seines, Herring 1 23   4
Purse Seines, Menhaden 27 18   74 28
Purse Seines, Other   7 2
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Figure 21. Reported number of trips made by federally-permitted mussel dredge vessels 
within ten minute squares of latitude and longitude in the U.S. Northeast region 
during 1995-2000. 

Number of Trips
2 - 10
11 - 30
31 - 58
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Figure 22. Reported number of trips made by federally-permitted sea urchin dredge vessels 
within ten minute squares of latitude and longitude in the U.S. Northeast region 
during 1995-2000. 

Number of Trips
2 - 30
31 - 100
101 - 167

 
 


