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North Atlantic right whales (Eubalaena glacialis) are one of the most critically
endangered large whales in the world, with an estimate of 300 animals remaining.  Despite
international protection from whaling since 1935 and an endangered status listing under the
United States Endangered Species Act, this population has been in decline since the 1990s.
Factors hindering recovery include entanglements in fishing gear and ship collisions.  Today,
lobster pots and gillnets are most commonly implicated in large whale entanglements, especially
those of right and humpback (Megaptera novaeangliae) whales.  However, other fixed fishing
gear presents entanglement risk to large whales, such as crab pots and slime eel gear.
Entanglements typically occur when whales come into contact with lines attached to the gear;
any body part can be involved.

I present historical data tracking changes in fishing line and fixed fishing gear, as well as
changes in fishing practices, from the mid-1940s to the present in the Northwest Atlantic.  The
introduction of synthetic materials to the fishing industry in the 1950s, coupled with government
subsidies and legislation for domestic fishery expansion, led to dramatic increases in fishing
effort and efficiency.  These attempts to promote the development of the U.S. fishing industry
have created entanglement risk for large whales.

In 2002, eight right and eleven humpback whale entanglements were documented; two
deaths resulted, one of each species.  This suggests that existing protective measures are
inadequate.  I briefly examine current regulations and provide suggestions for further measures
to reduce the conflict between large whales and fixed gear fisheries.
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Introduction

The North Atlantic right whale (Eubalaena glacialis) is one of the world’s most

endangered large cetaceans, with a population estimated at 300 individuals (Kraus et al., 2001).

Despite international protection from whaling since 1935 and an endangered status listing under

the U.S. Endangered Species Act since 1970, this population remains very small and is declining

(Caswell et al., 1999).  Collisions with ships and entanglements in fishing gear are severely

hindering its recovery (Knowlton and Kraus, 2001).  In the 1980s, the population showed small

signs of recovery, with an estimated annual growth rate of 2.5%, indicated by photo-

identification techniques carried out from 1986-1992 (Knowlton et al., 1994).  However, further

data indicate a decline throughout the 1990s (Caswell et al., 1999, Best et al., 2001).

Between 1970 and 1999, the New England Aquarium documented a total of 45 North

Atlantic right whale mortalities (Knowlton and Kraus, 2001).  Of these 45 reported deaths,

sixteen (35.6%) were determined to be the result of ship collisions, three (6.7%) were associated

with entanglement in fishing gear (two in lobster and one in gillnet gear), and thirteen (28.9%)

resulted from unknown causes.  The remaining 13 animals (28.9%) were neonates, and died from

either perinatal complications or natural causes.

In 2001, Knowlton and Kraus developed a new set of criteria to evaluate serious injuries

and mortalities to right whales occurring between 1970 and 1999.  They defined serious injuries

as those that are likely to cause death or impair reproduction (Knowlton and Kraus, 2001).

Based on these criteria, they found that a total of 56 animals fit the new criteria, rather than the

previously determined 45 (Table 1).

Table 1.  Summary of entanglements and ship strikes for the 56 right whales meeting the new

criteria devised by Knowlton and Kraus (2001).

Animals involved Fatal Possibly fatal Non-fatal

Entanglements 31 (55.4%) 3 8 20

Ship strikes 25 (44.6%) 16 2 7

Totals 56 19 10 27

The occurrence of serious injuries did not vary according to sex, but juveniles and calves

exhibited a higher level of serious injury than adults by a ratio of 3.3 to one (Knowlton and
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Kraus, 2001).  Ship strikes appear to be more lethal than entanglements; entanglement may lead

to long-term weakening of an animal, and could be responsible for a higher level of mortality

than previous data indicate.

I focus on right whale entanglements out of concern for this critically endangered

population.  In this paper, I track fishing practices and changes in fishing line and gear from the

mid-1940s to the present.  Researchers have hypothesized that changes in fixed fishing gear over

the last five decades may be having an increasingly adverse effect on North Atlantic right

whales, humpback (Megaptera novaeangliae) and minke (Balaenoptera acutorostrata) whales.

Following World War II, the U.S. fishing industry underwent many changes (Clapham et al.,

2003).  Advances in vessel design and the advent of new electronics, coupled with changes in

fishing line and gear, led to an increase in fishing effort in the waters off the northeast U.S. and

Canadian coasts.  I document changes in fishing effort for lobster gear in terms of landings and

the number of traps in the water; for gillnets, I base fishing effort on the current declines of many

Northeast groundfish species and subsequent increase in landings of other species, such as spiny

dogfish and monkfish.  I test the hypothesis that the increased amount of modern fixed gear in

the water today has lead to an increase in large whale entanglements.  In other words, I

hypothesize that the increased strength and durability of today’s fishing line and gear, combined

with increased effort, are leading to an increased entanglement rate of large whales in the

Northwest Atlantic.  I analyze the effectiveness of present mitigation efforts such as gear

modifications and seasonal closures.  I use this analysis to discuss the efficacy of present

methods and suggest further measures that might have broader application and greater success in

reducing the conflict between fisheries and large whales.

Changes in fishing line

Manila, sisal, and cotton

Prior to the 1940s, the United States fishing industry used natural (or vegetable) fiber

lines.  Almost all lines and some netting material were made from the abaca plant, an inedible

relative of the common banana tree.  Grown primarily in the Philippines, the abaca is used to

make the manila fiber, named for the capital of this small island nation.  Manila, the strongest

natural fiber, is still sold world-wide today but accounts for less than five percent of the fishing

line sold annually in the United States (Skaer, pers. comm.).
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Sisal, a natural fiber taken from sisal agave leaves, is cultivated in Indonesia, East Africa,

Central and South America, and Haiti.  However, the inferiority of this fiber to manila in

strength, pliability, and resistance to rot and abrasion has kept it from wide-use in the United

States (Klust, 1983).

Prior to synthetics, cotton was the most important vegetable fiber for making fishing nets.

Cotton fibers, grown on the seeds of cotton plants, are very fine, allowing manufacturers to

construct gillnets of practically any size.  Other types of nets made with cotton were seines,

trawls, trap nets, and trammel nets (Klust, 1982).

The primary drawback of using vegetable fiber lines and nets in the fishing industry

stemmed from the bacterial breakdown of cellulose in water; these fibers were processed from

dead plants.  Fishermen recognized the need to preserve their natural fiber lines by using

chemical methods, such as coal tar, wood tar, and carbolineum, either alone or in combination

with petroleum, benzene, tanning solutions, or bark or wood extracts (Klust, 1982).  These

methods slowed the rotting process, but could not prevent it.

Synthetic materials

Synthetic fibers were first developed in the 1920s by a chemist named H. Staudinger.

The word, synthesis, is “a scientific and technical term for a chemical process by which chemical

elements or simple basic substances are combined and built up to complicated and completely

new fabrics with new properties” (Klust, 1982).  These synthetic fibers are made of simple

components: phenol, benzene, acetylene, prussic acid, and chlorine.

I discuss the four main synthetic fibers that are used in the construction of fishing lines:

polyamide (nylon), polyester, polypropylene, and polyethylene.

Dr. Wallace Carothers, a chemist, and his research team developed the polyamide fiber,

or nylon, in 1935 at DuPont’s Experimental Station near Wilmington, Delaware (Klust, 1982,

DuPont, 2003).  In 1939, after additional research and development, DuPont built a nylon plant

in Seaford, Delaware, beginning the commercial production of nylon.  In 1940 another nylon

plant was established in Virginia to aid in the war effort, namely to produce parachutes and B-29

bomber tires.

Nylon’s soft texture made it nearly impossible to twist into yarns until a U.S. Navy

engineer devised and patterned a way to reverse twist nylon yarns, making nylon production
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simple.  Compared to manila, nylon line was approximately 2.5 times stronger and resistant to

rot, did not absorb as much water, was unaffected by many chemicals and acids, and weighed

about the same as manila.  For netting material use, nylon was preferable to manila or cotton

because it was stronger and more durable.  Nylon did not absorb water like manila and slid better

over rough bottom.

For fishermen, however, nylon was not a panacea.  Being the most elastic of all synthetic

fibers (New England Ropes, 2003), nylon had a tendency to stretch up to 50% under strain,

causing it to suddenly break and snap back, injuring and evening killing sailors and fishermen.

Manila had a better resistance to abrasion during fishing, and also cost about half the price of

nylon (Klust, 1982, Skaer, pers.comm.).

Between 1940 and 1941, J.R. Whinfield and J.T. Dickson of the United Kingdom

developed polyester fibers.  A German chemist named Ziegler produced polyethylene fibers,

exclusively used in the fishing industry, in the early 1950’s.  Finally, in 1954, an Italian named

Natta introduced polypropylene (Klust, 1982).  Both polyethylene and polypropylene are made

from the melt spinning of polyolefin resins (Skaer, pers. comm.).

Poly lines, about 1.75 times stronger than manila, provide good abrasion resistance and

are unaffected by many chemicals.  The unique floating characteristics of poly allowed

fishermen to easily retrieve broken or snagged lines.  The water-absorbing characteristic of

manila lines caused them to sink when lost.  In addition, poly lines, weighing less than heavy

manila, were easier on the hands and only modestly more expensive.  Fishermen, realizing the

economic advantage of using synthetics over natural fibers, began changing the type of lines they

fished with.

Synthetic fiber properties

Resistance to bacterial rot constitutes the primary advantage of synthetic fibers over

natural ones.  Each synthetic fiber varies in its resistance to weathering and the effects of light,

wind, rain, industrial smokes, and gases (Klust, 1982).  This resistance is measured in terms of a

rope’s breaking strength.  Nylon experiences minimal degradation due to sunlight, whereas

untreated polypropylene is highly susceptible to degradation by ultraviolet light (New England

Ropes, 2003).  Preventative treatment against sunlight, such as dyeing, extends the life of lines

(Klust, 1982).
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Table 2 compares the four synthetic fibers for the following attributes: density, breaking

strength, weathering resistance with no treatment, and weight in water.  Breaking strength

describes the maximum force applied, causing the line to break (Klust, 1983).  Notice the low

density of polyethylene and polypropylene ropes: 0.96 and 0.91 g/cm3, respectively, which are

less than the average density of ocean water (approximately 1.023 g/cm3), conveying the

buoyancy of these two ropes.  The floating capabilities of polyethylene and polypropylene create

the primary entanglement risk for large whales.  Floating (and now sinking) lines in fixed gear

configurations, such as trap and gillnet fisheries, connect strings of traps or nets and also link the

gear to buoys and hi-flyers at the surface.

Table 2: Comparison of characteristics of four synthetic fibers (adapted from Table 2, Klust,
1982).

Polyamide Polyester Polyethylene Polypropylene

Density (g/cm3) 1.14 1.38 0.96 0.91

Breaking Strength very high high high very high

Weathering Resistance (no treatment) medium high medium low-medium

Weight in water (% of air-dry weight) 12 28 buoyant buoyant

In the 1950s, the use of manila drastically decreased in the commercial fishing industry.

Fishermen did not purchase synthetic fiber lines as soon as they were made available, but they

soon recognized the economic benefits of man-made materials.  Despite the higher costs of

synthetic lines, in the long-term, cost-effectiveness more than made up for the higher purchase

price.

In the 1960s, rope companies began testing and developing combination lines, which are

in wide use today: lines made of more than one type of fiber, combining different characteristics.

For example, a single yarn with a polypropylene center and polyester wound around it created a

lightweight line (due to the polypropylene) with good abrasion characteristics (from the

polyester).  This line had the strength and stiffness of polyester, combined with the lower cost

and weight of polypropylene (Flory et al., 1982).

Fishermen purchase line according to their particular fishery and location, and carefully

base their decisions on diameter, length, quality, and price.

Today, various line constructions create a wide array of choices for fishermen: single and

double braid, kernmantle, wirelay, and cablelay (Foster, pers. comm., 2002).  Line construction
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is beyond the scope of this paper.  Many high-tenacity fibers are on the market – Kevlar,

Technora, and Spectra – that have higher breaking strengths than traditional fibers but cost more.

However, polypropylene and polyester are the most widely used rope by lobster and

gillnet fishermen in the Northeast, over the higher-priced, high-tenacity ropes (Salvador, pers.

comm.).  The breaking strength of a blended rope of polypropylene and polyester varies by line

diameter.  A one-quarter inch diameter rope has a breaking strength of 2,436 pounds; five-

sixteenths inch 3,700 pounds; three-eights inch 4,400 pounds; seven-sixteenths inch 4,800

pounds; one-half inch 6,900 pounds; and five-eighths inch 11,000 pounds.  Fishermen in the

lobster industry typically use lines of three-eighths diameter for inshore fishing and lines of five-

eighths diameter for offshore work (Salvador, pers. comm., Prescott, pers. comm.).

Synthetic lines create problems because, once seriously entangled, large whales have

little chance of freeing themselves.  Serious entanglements (ones likely to cause the death of the

animal) lead to a long-term weakening of an animal, rather than ship strikes, which are more

instantly lethal.  Entangling lines may inhibit a whale’s swimming or feeding; juveniles grow

into their entangling lines, leading to physical impairment.  The increased breaking strength of

today’s lines further inhibits a whale’s ability to break free.

History of changes in the U.S. fishing industry

What has driven changes in gear and technology?

 When World War II ended, New England fishermen expected the success they enjoyed

during the war to continue, but it did not.  During the war, demand for fish was high, while the

number of fishing vessels was limited, as the Navy recruited many for the war (Dewar, 1983).

After the war, demand for fish dropped, as did market prices and government support for vessel

replacement (Weber, 2001).  The federal government recognized the need to rebuild the fishing

industry in the U.S.  In 1956, the U.S. ranked second to Japan in global fishery landings; in 1968,

the U.S. had slipped to sixth place, as landings remained at WWII levels of about 2.2 million

metric tons (Cicin-Sain and Knecht, 2000).  The U.S. government, in rebuilding the fishing

industry, was faced with two concerns: low consumer demand and little capacity to catch and

process fish (Weber, 2001).

After WWII, the number of inshore vessels increased and most New England inshore

groundfish fishermen made short trips relatively close to shore in small boats that lacked motors
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and weighed less than five tons (Dewar, 1983).  In 1950, about 13,800 vessels fished from New

England ports, but only approximately 600 weighed more than five tons.  Large inshore vessels

(closer to sixty tons) could travel one hundred miles offshore in good weather (Dewar, 1983).

Beginning in the 1940s, fishermen from southern Maine and Massachusetts primarily caught

whiting (silver hake), which until then was considered a nuisance species.  Landings rose from

78 million pounds in 1945 to 126 million pounds in 1957 (Dewar, 1983).  When landings

declined, fishermen switched to targeting flounder, cod, and haddock with gillnets and trawls.

Between 1965 and 2000, cod landings on Georges Bank and areas to the South fluctuated

between approximately twenty-five and fifty thousand metric tons, and between approximately

three and twenty thousand metric tons in the Gulf of Maine (Mayo and O’Brien, 2000).  Current

landings have decline dramatically in both areas, when the stock collapsed in the early 1990s

(Preble, 2001).  Inshore lobster fishing, very important to both Maine and Massachusetts,

increased dramatically between 1945 and 1965 – both the number of lobstermen and lobster traps

rose.  Throughout the 1950s and 1960s, the number of groundfish fishermen and inshore vessels

declined, while the number of lobstermen and traps fished increased (Dewar, 1983).  The

introduction of hydraulic winches to the lobster industry helped fishermen haul more traps.  In

1945, 4,200 lobstermen hauled a total of 356,000 traps; in 1960, 6,600 lobstermen hauled

710,000 traps (Dewar, 1983).

Most inshore fishermen (lobster and groundfish) seasonally switched targeted species, as

they were unable to follow migrating fish offshore (Dewar, 1983).

By 1950, the relatively small offshore fleet had larger boats that allowed them to fish

further offshore and harvest from areas like Georges Bank and even Browns Bank.  These boats,

rather than making daily trips, would stay at sea for a week or more, and were mainly trawlers.

Offshore boats, unlike inshore boats, were poorly equipped to switch from one gear type to

another, as space preservation for fish was essential.  This created a major disadvantage for

offshore fishermen in the early 1950s.  If market prices or fish stock conditions changed,

offshore fishermen were unable to modify their gear to catch other species (Dewar, 1983).  In

financial trouble, they began seeking government aid.

Technological improvements after World War II allowed for improved fishing efficiency.

Electronic devices, such as LORAN, allowed fishermen to pinpoint their boat’s location,

allowing them to return to specific grounds.  Radios allowed fishermen to communicate with
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each other, which proved to be an important factor in fishing safety.  Radar was useful in the

prevention of vessel collisions.  Electronic fish finders allowed fishermen to easily locate schools

of fish, although species differentiation was impossible (Dewar, 1983).  In addition to

technological advances, changes were occurring in the way fishing gear was constructed –

switches from using natural fibers to synthetic fishing lines were already in progress.  Synthetic

materials, much stronger than natural fiber lines, had the capacity to haul gear faster and in

deeper water.  For example, the lobster industry benefited from synthetic lines because fishermen

could haul many more traps (Doliber, 1973).  The combination of these advances, along with

increases in larger, diesel-powered boats, meant increases in more efficient fishing methods, but

increased entanglement risk to large whales.

Lack of consumer demand and increased foreign competition

Fishing by foreign vessels in U.S. waters helped stimulate the development of the U.S.

fishing industry – U.S. fishermen simply could not compete with imports.  During the 1950s,

New England offshore groundfish fishermen began lobbying for federal government aid.  They

claimed that imports, especially of frozen fillets and fish sticks, were lower in price because

foreign governments subsidized their fishing fleets and because these fleets had lower labor

costs.  Here in the U.S., federal support for agriculture blossomed after WWII – new technology,

seeds, fertilizers, pesticides, and machinery were provided (Weber, 2001).  In addition, the

effective marketing strategies of the beef and poultry industries, combined with low prices,

increased consumer demand and consumption, thus reducing demand for seafood (Weber, 2001).

Lack of consumer demand for fish in the U.S. stemmed from the difficulty associated

with fish preparation, the poor quality of fish on the market, and more familiarity with the

market-savvy beef and poultry industries (Weber, 2001).  Frozen fish production, an ingenious

idea, provided Americans with an easy to prepare, inexpensive meal.  In the 1920s, the Bureau of

Commercial Fisheries helped Clarence Birdseye to develop a process for quick-freezing cod

fillets (Weber, 2001).  This, along with government-funded seafood advertisements and cooking

demonstrations, built consumer interest in fish products.  Fish-stick production soared from

3,410 metric tons in 1953 to 28,636 metric tons in 1955 (Weber, 2001).

Unfortunately, frozen fish manufacturers did not rely on local sources of seafood, as

nearly any whitefish could be used for fish-stick production (Weber, 2001).  New England
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groundfishermen found themselves in competition with frozen seafood imports.  Between 1950

and 1970, the consumption of seafood by U.S. citizens was twelve pounds per person; however,

the total population increased by one-third in those two decades, thereby increasing total seafood

consumption (Weber, 2001).  Unable to rely on low amounts of domestic fish landings, the U.S.

imported one-third of its seafood in 1957 and two-thirds in 1967 (Weber, 2001).

At first U.S. fishermen appealed for tariff relief by asking for increased the taxes on

imported groundfish, thinking this would help the domestic industry.  They fought for higher

tariffs throughout the late 1940s and early 1950s, without success (Dewar, 1983).  Strongly

influenced by fish stick producers, President Eisenhower failed to raise tariffs, claiming that fish

sticks would help the New England fishing industry (Weber, 2001).  The Tariff Commission

finally concluded that imports were negatively affecting the groundfish industry.  However, the

Eisenhower administration did not want to harm the economic health of its allies – a more

important goal than protecting a domestic industry.  Eisenhower argued that the countries we

imported from were “not only our close friends, but their economic strength [was] of strategic

importance to us in the continuing struggle against the menace of world Communism” (Weber,

2001).

After appealing for tariffs to no avail, the New England fishing industry appealed for aid

from state and local governments.  State governments provided limited aid for fishery research

and cooperated through the Atlantic States Marine Fisheries Commission to coordinate research,

make fishery regulations, and protect state interests from being inhibited by federal ones.  Local

government participation was even more limited than that of the states (Dewar, 1983).

The federal government’s role

Recognition that the U.S. was losing its place in global landings and that imports

financially hurt domestic fishermen led the U.S. government to begin subsidizing the fishing

industry.  After 1954, the federal government provided most of the money that drove changes in

vessel technology, exploitation of new species, and improvements in fish handling.  The

Saltonstall-Kennedy Act of 1954, a response to foreign competition, was enacted to help

distribute domestic fish products and increase demand for fish.  Thirty percent of customs duties

on imported fish were used for the research and marketing in the promotion of using domestic

fish (Dewar, 1983).  Funds were channeled from the Department of Agriculture to the
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Department of the Interior.  The Bureau of Commercial Fisheries provided a set of guidelines for

fishermen to try to improve the way fish were handled at sea, but they were not widely followed

(Dewar, 1983).  Today the Saltonstall-Kennedy Program is implemented by the National Marine

Fisheries Service (NMFS).  Funds are granted to research projects that seek to create a “healthy

fishery-based industry,” and include a variety of topics: aquaculture, bycatch, habitat,

management/conflicts, quality/safety, recreational fisheries, and utilization.  Currently no

projects that explore large whale interactions with fixed gear fisheries are funded by the S-K

Program.  However, funded research projects have addressed interactions between harbor

porpoises and gillnets (NOAA Fisheries S-K, 2002).

Vessel subsidies

Prior to 1950, American-made vessels – small in size and specialized in location – could

not compete with the large foreign trawlers that were designed to harvest a diversity of fish far

from their home ports (Benson, 1970).  In 1956, legislation was passed to support the education

of young, potential fishermen, which was seen as advantageous to the persistence of the fishing

industry into the future.  In that same year, the Fish and Wildlife Act was implemented to aid

fishermen in the construction and repair of their boats and gear.

The Fish and Wildlife Act of 1956 established a Fisheries Loan Fund, which provided

low interest loans to fishermen to construct or reconstruct their vessels.  Between 1957 and 1973,

$31.3 million in loans were approved (Weber, 2001).  The Bureau of Commercial Fisheries

devoted itself, through this and other pieces of legislation, to helping the domestic fishing fleet

compete in foreign markets.  In addition, the Office of International Trade Promotion sought to

develop new markets to expand the sales of U.S. fish products on markets overseas (Weber,

2001).

In 1960, the U.S. government approved a federal fishing vessel construction subsidy

program with requirements that restricted participation primarily to the New England groundfish

fishery (Weber, 2001).  Fishermen were given up to one-third the cost of new boats as long as

they fished in fisheries that were threatened by foreign imports (Cicin-Bain and Knecht, 2000).

In 1964, the Fishing Fleet Improvement Act amended this legislation, now providing up to one-

half more of the costs to build boats (Dewar, 1983).  Other money was given to decrease the cost

of fishing, and to offset the costs of insurance for boats and crew.



15

Also in 1964, the Commercial Fisheries Research and Development Act provided states

with grants (not to exceed $36 million per year) for the study and improvement of commercial

fisheries, including the training of fisheries biologists (Cicin-Bain and Knecht, 2000, Dewar,

1983).  The 1966 National Sea Grant College Program Act also sponsored research, training, and

education in ocean studies as well.

During the 1960s, the Kennedy and Johnson administrations sought to promote fish as a

source of protein.  A United Nations meeting was held in the U.S. in 1961, where delegates

spoke of the importance of fish protein in the diet and of “plowing the seven seas” to produce

twice as much protein as was produced on land (Weber, 2001).

Despite the efforts of the government, the U.S. fishing industry lacked the technology

available to other countries (Weber, 2001).  By the mid-1960s, fishermen in both the North

Atlantic and North Pacific were regularly seeing huge factory trawlers in U.S. waters – from the

former Soviet Union, Western Europe, Eastern European Bloc countries, and Japan.  U.S.

fishermen could not compete with these efficient vessels.  In 1963, the Bureau of Commercial

Fisheries launched an extensive bottom trawl survey effort, as a response to a quadrupling of

foreign fishing effort on groundfish in New England waters (Weber, 2001).  The surveys,

coordinated with the International Commission for Northwest Atlantic Fisheries (ICNAF),

indicated that foreign fleets were overfishing groundfish stocks in these waters (Weber, 2001).

In response to the perceived threat of foreign fishing, the Bureau of Commercial Fisheries

and the Maritime Administration subsidized the construction of two U.S. factory trawlers: the

Seafreeze Atlantic and Seafreeze Pacific.  The total cost of the project totaled $5.3 million, of

which the federal government paid half.  Unfortunately, both vessels experienced inherent

problems.  The greatest problem was the difficulty in finding and keeping experienced crew who

could be at sea for months at a time in Arctic waters, and who would agree to less than

acceptable wages.  These crew members could not effectively operate the new gear, especially

around the ice floes.  These disastrous fishing attempts were discontinued and both ships were

docked in 1971 (Weber, 2001).  At this time the ICNAF was placing quotas on New England

groundfishing in an attempt to rebuild declining fish stocks (Weber, 2001).  However, efforts to

rebuild the U.S. fishing industry continued.

In 1970, the Capital Construction Fund allowed boat owners to defer income tax on their

profits, as long as they put that money in a special account that they could use later for vessel
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renovation, construction, or the purchase of a new ship.  In 1972, the Fishing Vessel Obligation

Guarantee Program allowed banks to offer loans to fishermen with lower rates and longer

payback times, since the government would take responsibility for any failures to pay back the

loans (Weber, 2001).

Magnuson-Stevens Fishery Conservation and Management Act of 1976

In 1970, marine fishery management responsibility was transferred from the Department

of the Interior to the Department of Commerce, and the Bureau of Commercial Fisheries was

converted to NMFS (Weber, 2001).  In 1976, the passage of the Magnuson Stevens Fishery and

Conservation Management Act (MSFMCA), whose objective was to “Americanize U.S.

fisheries,” convinced many fishermen to modernize their vessels or to buy new ones (Weber,

2001).  Through NMFS, this act promoted new opportunities for fishermen, including favorable

tax laws and growing markets.  This act transformed the management of both commercial and

recreational fisheries in the U.S. by incorporating the management of many fisheries together

under fishery management councils.  The most important aspect of this legislation in the 1970s

was the virtual elimination of foreign fishing competition from U.S. Exclusive Economic Zone

(EEZ) waters (Weber, 2001).  Through catch limits, as well as permit and poundage fees, foreign

competition was effectively eliminated.  As a result, U.S. fishing fleets exploded in size and

fishing capacity, becoming much more modernized.  Between 1976 and 1996, the number of

large domestic fishing vessels soared by more than 70%, while the number of small vessels

declined by 40% (Weber, 2001).  In turn, fish landings drastically increased – from 2.6 million

metric tons in 1976 to 4.3 million metric tons in 1996 – and domestic fishermen received $3.5

billion for their catch, over 2.5 times larger than their income in the 1970s (Weber, 2001).

Rebuilding depleted fish stocks that had been overfished by foreign fleets in the

Northwest Atlantic was a priority under MSFMCA.  In particular, low catch limits were set for

yellowtail flounder and haddock.  Limits quickly were met, as vessels were entering the fishery

at the rate of about one every four days (Weber, 2001).

By the late 1980s, enormous groundfish declines interested not only the fishing industry

and government, but also the environmental community.  Unfortunately, the promotion of

domestic fishing efforts eventually led to overfishing of groundfish to meet short-term economic

goals, and the decline of the entire fishery (Weber, 2001).  Currently, New England fishermen
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must comply with fishery regulations to rebuild fish stocks, in addition to provisions made for

interactions between large whales and fixed gear. 

Government aid and legislation did not cease with Magnuson.  In 1980, the American

Fisheries Promotion Act was passed to authorize a grants program for fisheries research and

development projects.  It also contains the National Fisheries Research and Development

Program, which is carried out using Saltonstall-Kennedy Program funds (NOAA Public Affairs,

1999).

The subsidies provided to the fishing industry during the past fifty years have led to the

development of overcapacity in terms of fishing power.

Funding for large whale conservation

Currently, few state marine fisheries departments promote changes in gear.  Most effort is

placed on rebuilding and conserving depleted fish stocks.  The Massachusetts Division of Marine

Fisheries has implemented a Right Whale Conservation Plan, resulting from a 1995 lawsuit

declaring that lobster and gillnet fisheries result in the illegal “taking” of right whales.  However,

individual states do not have incentives to create their own large whale conservation plans to

reduce entanglements.  The federal government, through NMFS, already authorizes a variety of

measures to reduce interactions between large whales and fisheries, through the Endangered

Species Act and Magnuson-Stevens Act.

The Northeast Consortium, a partnership created in 1999 between the University of New

Hampshire, Woods Hole Oceanographic Institution, Massachusetts Institute of Technology, and

the University of Maine, appropriated funds to facilitate interaction among commercial

fishermen, researchers, and other stakeholders in the research and development of commercial

gear used in the Gulf of Maine and Georges Bank.  In fiscal year 2001, ten new right whale

projects were funded, totaling $1,383,008, and six continuing projects received $1,170,000

(Northeast Consortium, 2002).  In FY 2002, four continuing projects were funded, totaling

$661,883.  Funding both gear development projects and large whale conservation projects can

produce conflicting results.   Technological improvements made to different types of fixed gear

may exacerbate problems between fisheries and large whales: exactly the problems that

conservation projects aim to reduce.
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The Northeast Consortium recently announced that it would no longer be administering

funds for right whale research.  Instead, researchers can apply for grants from the National

Whale Conservation Fund, which is a special project under the National Fish and Wildlife

Foundation.  Their 2003 funding priorities involve research that studies anthropogenic effects on

right whales (National Fish and Wildlife Foundation, 2003).  A second funding option is

applying for mini-funds through a joint agreement between the National Fish and Wildlife

Foundation and NOAA Fisheries.

No funded projects examine options for reducing the amount of gear in the water.  The

extreme overcapacity of the fishing industry has led not only to declines in right whales, but also

of targeted fish species.

Lobster and gillnet gear configurations

Lobster and gillnet gear, the two most commonly implicated in entanglements, are typical

fixed gear configurations that pose an entanglement risk for large whales.

Lobster gear

In the 1700s, fishermen used circular iron or wooden hoop nets, 3-4 feet across, to catch

lobsters (Doliber, 1973).  Wooden lobster traps were introduced to the lobster industry in the late

1800s.  Fishermen typically fished single traps, which required two men.  A U.S. version of

European ideas, these traps resembled modern-day traps.  Although the exact dimensions are

unknown, these traps were commonly called “round” or “half-round” pots.  Much longer than

today’s traps, these old traps contained lobster entryways on the traps ends, which sometimes

allowed lobsters to escape while hauling traps in (Doliber, 1973).  This end-entry design was

later replaced to prevent lobster escape.

Around the beginning of the 20th century, rectangular wooden traps became important,

primarily along Boston’s North Shore.  As opposed to circular traps, rectangular ones stacked

better on boats, were easier to build and repair, and may not have shifted around as much on the

bottom during storms (Doliber, 1973).  Prior to World War II, lobster boats began changing from

traditional sailing vessels to those using inexpensive gasoline engines.  Around that time,

“Novie” boats were first developed in Nova Scotia, with high bows and sides that fall back to the

stern.  Jonesport boats, designed for speed and agility, were introduced as well.  These boats not



19

only made hauling gear easier, but allowed fishermen to cover large distances and increase the

number of pots used in their trawls (Doliber, 1973).

Wooden traps, made from untreated oak, had a short life span of only three to four years

and weighed about ten pounds underwater and sixty pounds on a boat (Bartlett 2002,

pers.comm.).  After World War II, lobstermen invested thousands of dollars in hydraulic gear

and electronics that allowed them to efficiently find and return to lobster grounds.  Traditionally

fishermen used sisal-fiber line on their winches to haul in their traps because it had good grip.

However, sisal line needed annual replacement (Doliber, 1973).  Boats using synthetic hauling

line would replace it every three to five years.  On average, fishermen fished about 250 single

traps, or 300-400 traps per trawl.  Annually they could lose from one-third to one-half of those

traps in storms or collisions with other types of gear (Doliber, 1973).  Wooden traps cost

between eight and twelve dollars, not including line or buoys.  To save money, fishermen would

sometimes make their own pots during the winter or poor fishing periods; economic losses were

an accepted fact.

In the early 1970s, New England lobstermen began to experience annual declines in

lobster landings.  Their solution was to put more pots into the water to maintain their income

(Doliber, 1973).  In the late 1970s and into the 1980s, wire pots gradually replaced wooden ones.

Most lobstermen had converted to wire by 1990 (Bartlett, 2002, pers. comm.).  Wire pots weigh

less than wooden ones and last longer.  Wooden traps, 18 to 21 inches wide, became wire traps

21 to 24 inches wide.  Wire traps, weighing approximately twenty pounds underwater (ten more

pounds than a wooden trap underwater), weighed only forty pounds out of it, twenty pounds less

than a wooden trap out of water.

Inshore pots are typically fished as singles or doubles, but trawls of up to twenty traps

can be used.  Groundlines connect strings of traps or nets to each other as the gear rests on the

seafloor.  Floating groundlines, usually made of polypropylene line or a newer high-strength

combination of polypro and polyethylene (Bartlett, pers. comm.), can rise 15 to 20 feet into the

water column.  Endlines connect a string of traps or nets to the surface system, which includes

buoys and hi-flyers that fishermen use to identify and retrieve their gear.  The buoyline is the

section of endline that ends in one or more buoys at the surface (Figure 1).  Inshore lobstermen

typically use 3/8-inch diameter sinking or floating (poly) line to haul their gear.
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Offshore pots, larger than inshore ones, are always fished in trawls of twenty pots or

more, all connected by floating or sinking groundline.  Offshore lobstermen usually use 5/8-inch

diameter sinking or floating (poly) line to haul their gear (Bartlett and Prescott, pers. comm.).

Offshore lobstermen use stronger, thicker line, because their gear is fished in deeper waters that

are more affected by harsh weather and abrasion (McKiernan et al., 2002).

Figure 1.  Typical lobster gear configuration (Center for Coastal Studies
www.coastalstudies.org).

Until recently, both inshore and offshore lobstermen used floating line.  The Atlantic

Large Whale Take Reduction Plan (ALWTRP) now requires lobstermen to use sinking or

neutrally buoyant groundlines and buoylines.  For neutrally buoyant line, lobstermen tend to use

a UV-treated line with a blend of high tenacity polypro and polyester (Bartlett and Prescott, pers.

comm.).  This rope costs from 30-50% more than floating line, due to the increased material cost

in creating a blended line.  Sinking line, similar to neutrally buoyant line, is also made from a

blend of polypro and polyester, with a higher ratio of polyester, causing the line to sink.

Sink gillnet gear

Gillnets have been used since the late 19th century (Ruais and Goodreau, 1985).  In 1940,

fifty-four vessels based in Gloucester landed about ten million pounds of groundfish.  By 1949,

this number declined to approximately four million pounds (Ruais and Goodreau, 1985).  After

WW II, groundfish vessels dropped in number from six in 1950 to three in 1960.  However,

during the 1970s, a number of factors contributed to dramatic increases in both groundfish
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landings and the number of vessels.  Fuel was inexpensive, start-up and overhead costs were

lower than those in the otter trawl fishery, the Magnuson-Stevens Fishery Conservation and

Management Act led to optimism in the fishing industry, and monofilament nets became

available (Ruais and Goodreau, 1985).

Prior to the arrival of synthetic netting materials, natural or vegetable fiber nets were

used, in particular cotton, manila, sisal, hemp, linen, and ramie (Klust, 1982).  Cotton was the

primary netting material used for gillnets and others.  As with natural fiber lines, netting made

with the same materials faced the same challenges, namely rotting.  Synthetic materials, rot-

resistant, present a major advantage for fishermen and are now almost exclusively used in

commercial fisheries.

Synthetic monofilament gillnets made their way onto the market in the mid-1970s

(Salvador, pers. comm.).  Gillnet fishermen today typically use three-eighths to one-half inch

diameter buoylines (net to anchor, and anchor to surface).  These lines are typically one- to two-

thirds poly line, with the top two-thirds comprised of sinking line due to ALWTRP regulations.

Gillnet floatlines (along the top to hold the nets open) and net-to-net lines vary from five-

sixteenths to three-eighths poly line.  Each net itself is approximately 300 feet in length (but can

vary by fishery) and fishermen will fish strings of up to fifteen to twenty nets (Salvador, pers.

comm.).  Under ideal conditions, a net can be stretched up into the water column ten to twelve

feet; usually a net will not extend more than one to two feet off the bottom but can reach eight to

nine feet up (Figure 2).

Figure 2.  Typical gillnet gear configuration (Center for Coastal Studies
www.coastalstudies.org).



22

According to ALWTRP regulations, gillnets must be anchored to the bottom with an

anchor that has a similar holding power to a 22-pound Danforth-style anchor.  Five 1,100-pound

weak links are required per net, and two links are required at the surface system.  Weak links are

devices that are designed to break free from a line when a specified amount of strain is placed on

it - for example, a large whale swimming into a line.  The gillnet anchor must be under enough

strain to allow the weak link to separate if a load (or whale) comes into contact with the line.

Nets are held down by lead lines that typically weigh between 65 and 75 pounds per 600-foot

roll, so each net has about 35 feet of lead line.  With between ten to twelve pounds of poly line,

each netting system weighs between 55-60 pounds (Salvador, pers. comm.).

Fixed gear fisheries – Management and changes in effort

Many fixed gear fisheries along the east coast of the U.S. have the potential to interact

with large whales.  Preliminary analysis of entanglements indicates that any part of a fixed gear

configuration creates a hazard for large whales (Clapham, 2002).

In their fishery management plans, three fixed gear fisheries – American lobster,

Northeast multispecies, and monkfish - explicitly address measures to reduce large whale

entanglements.  The Atlantic Large Whale Take Reduction Plan (ALWTRP) assumes more

stringent large whale conservation measures for these fisheries, as well as for the spiny dogfish

fishery.  Other regulated fixed gear fisheries with the potential to create entanglement risk have

not yet been addressed in the ALWTRP: deep-sea red crab, scup, black sea bass, tautog, and

conch/whelk.  With the decline of traditional resources, such as groundfish, two unregulated trap

fisheries, Jonah crab and hagfish, have experienced recent increases in fishing effort and

landings, thus increasing entanglement risk.  Due to eight reported right whale entanglements in

2002, NOAA Fisheries issued a special notice on December 23, 2002 indicating the need to re-

evaluate the ALWTRP to include regulations for certain Atlantic pot fisheries, including the red

crab, conch/whelk, scup, black sea bass, tautog, hagfish, and Jonah crab fisheries.

American lobster fishery  – inshore and offshore

The coastal lobster fishery began as early as 1800 in Cape Cod, Massachusetts, and

quickly expanded to Maine.  The year 1879 marked the first reported landings.  The American

lobster fishery experienced early stock depletions in the 1920s.  Landings in the late 1800s were
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triple the landings reported in the 1920s and 1930s (Atlantic States Marine Fisheries

Commission, 2000).  The one driving change for the lobster fishery was the expansion of fishing

into deeper waters, caused by stock depletions in coastal regions.

Historically, lobsters have weighed twenty pounds or more.  The New England states and

Canada have both documented decreases in lobster populations; overharvesting was combined

with the capturing of small lobsters for canning (Doliber, 1983).  Today the average weight of an

American lobster is 1.2 pounds (Lobster Stock Assessment Report, 2000).

In the 1950s and 1960s, offshore lobster fishermen used mobile trawls to collect lobsters.

In 1968, lobster pots were introduced to the offshore fishery, replacing the traditional trawling

method (Lobster Stock Assessment Report, 2000).

In 1978, concerns about unsustainable harvest levels were the impetus for developing a

management plan.  The American Lobster Fishery Management Plan was implemented in 1983

under the control of the Atlantic States Marine Fishery Commission (ASMFC).  Lobster stock

assessment and management is split into three regions: Gulf of Maine (GOM), George’s Bank

and South (GBS), and South of Cape Cod to Long Island Sound (SCCLIS).

The directed lobster fishery, beginning in the late 1940s and early 1950s, landed about 25

million pounds.  A dramatic increase in lobster fishing effort took place during the 1990s, with

landings rising from 62 million pounds in 1990 to 84 million pounds in 2000 (ASMFC, 2002).

Commercial lobster landings in 1999 totaled 87 million pounds, a record high.  Closures of

groundfish stocks in the early 1990s may have contributed to the increase in lobster fishing.

The Lobster Stock Assessment Report provides landings and effort data for the U.S.,

which includes all east coast states participating in the fishery: Maine, Massachusetts, New

Hampshire, Rhode Island, Connecticut, New York, New Jersey, Delaware, Maryland, Virginia,

and North Carolina (Figure 3).  Lobster landings rose rapidly in the mid-1970s as lobster traps

began being used in the offshore fishery (Lobster Stock Assessment Report, 2001).  The large

increase in lobster traps in the offshore fishery throughout the 1970s and 1980s created high

entanglement risk for large whales.  Today, between four and five million lobster traps are fished

along the east coast of the U.S. (Figure 3).
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Figure 3. Total American lobster landings in the U.S., combined with the number of traps fished
(American Lobster Stock Assessment Report, 2001).
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Large increases in effort and landings have occurred in the GOM region, but fishing

mortality rates have declined and lobster abundance has increased.  However, Massachusetts Bay

experienced a 75% increase in landings from 1982 to 1997 (Stirratt et al., 2001), with a record

high of 26,230 metric tons landed in 1997 (Figure 4).  The GBS stock remained relatively stable

in landings, recruitment abundance, and population size from 1982 to 1998.  Fishermen landed

around 3,600 metric tons annually from 1992 to 1998 (Stirratt et al., 2001).  The SCCLIS stock

has experienced a steady increase in landings and fishing mortality in recent years, with 2,352

metric tons landed in 1982 and a record high of 6,894 metric tons landed in 1997.  However,

recruitment has increased almost three-fold since the mid-1980s (Stirratt et al., 2001).

Amendment 3 to the American Lobster Fishery Management Plan outlines protective measures,

including (but not limited to) a prohibition on the possession of v-notched females; a minimum

gauge size of three and one-quarter inches; escape vent requirements; and a maximum trap size

of 22,950 cubic inches in all areas except Area 3, where traps cannot exceed 30,100 cubic inches

(Stirratt et al., 2001).

I queried the NMFS Commercial Fishery Landings Database for inshore and offshore

lobster landings for New England.  Inshore lobster fishing extends to three nautical miles and is

within state jurisdiction.  The offshore fishery, federally regulated, extends from three to two

hundred nautical miles and began reporting landings in 1971.  Maine landings exceeded all other

New England states (MA, NH, RI, and CT) for the inshore fishery from 1964 – 2001 (Figure 4).

In contrast, between 1971 and 2001, Massachusetts dominated the offshore fishery, with Rhode
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Island coming in a close second (Figure 5).  Maine, which traditionally has had a small offshore

fishery, experienced a large increase in landings in 2001 (Figure 5).  This may lead to

management implications for interactions between whales and lobster traps.

Figure 4. Inshore lobster landings by state in New England from 1964 – 2001.
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Figure 5. Offshore lobster landings by state in New England from 1971 – 2001.
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The Lobster Stock Assessment Report suggests various reasons for increases in fishing

effort in the New England lobster fishery: increased competition for productive fishing areas,

gear saturation, and expansion to new fishing grounds.

As a result of a court ruling, Massachusetts implemented a Right Whale Conservation

Plan in 1996 through the Massachusetts Division of Marine Fisheries.  The number of lobster

permits issued has been relatively constant since 1996, as the lobster fishery is managed on a
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limited entry basis.  The Lobster Stock Assessment Report indicates that the average number of

traps hauled per vessel in Massachusetts has increased from about 200 in the late 1960s to

approximately 600 in 1998.  There has been an overall decrease in the number of trap hauls per

year for inshore lobster fishing, which may have resulted from the efficiency of hauling more

traps per boat.  A marked increase in the mean soak time (measured in days) for both the

Massachusetts and Rhode Island offshore lobster fisheries has been observed.  For

Massachusetts, the mean soak time in the offshore has risen from approximately 3.5 days in 1985

to nearly 7 days in 1998.  Fishermen now leave more traps in the water for longer periods of

time, increasing their chance of a successful catch, but also increasing entanglement risk for

large whales.

On February 26, 2003, the Atlantic States Marine Fisheries Commission announced

emergency actions to protect declining lobster stocks in Area II (offshore waters off Rhode

Island and southern Massachusetts).  The Commission implemented an increase in the gauge size

to three and 11/32 inches immediately, and to three and 3/8 inches on July 1, 2003 (Atlantic

States Marine Fisheries Commission News Release, 2003).  Further action will be taken to

reduce fishing mortality in Area II through an addendum to the Interstate Fishery Management

Plan for American Lobster.  Abundance estimates from 2001 indicated that levels were

significantly lower than the past twenty-year averages for all lobster size classes (juveniles to

adults).  From 1999 to 2001, landings from Massachusetts and Rhode Island have declined 26

and 29 percent from the ten-year average for lobster landings, respectively (Atlantic States

Marine Fisheries Commission News Release, 2003).

 New England lobstermen fishing in state waters are concerned about the increasing

number of participants entering their fishery from the multispecies fishery, gear saturation, and

gear modifications intended to reduce large whale entanglements. Compliance with and

enforcement of regulations varies, which creates concerns for lobster fishermen that do comply

(McKiernan et al., 2002).

Gillnet fisheries – Northeast multispecies (groundfish)

The Northeast multispecies (groundfish) fishery management plan, enacted in 1986,

covers a total of fifteen species (24 stocks) – Atlantic cod, witch flounder, American plaice,

yellowtail flounder, ocean pout, haddock, pollock, winter flounder, windowpane flounder,
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redfish, white hake, whiting, offshore hake, red hake, and Atlantic halibut.  This extremely

valuable fishery has been the focus of intense fishing pressure since well before World War II.

Today fishermen use a variety of fishing methods, including trawls and sink gillnets.

In December of 2001, the Conservation Law Foundation, in an attempt to reduce

overfishing of the species regulated by the Northeast Multispecies Fishery Management Plan,

sued the Secretary of Commerce, Donald Evans, and NMFS (New England Fishery Management

Council Exec. Summ., 2002).  On May 23, 2002, a Federal Judge ruled that the multispecies

fishery management plan was not in compliance with the Magnuson-Stevens Act and that

Amendment 13 measures had to be in place by August 22, 2003.  Amendment 13 to the

multispecies plan outlines stringent measures that are required to rebuild groundfish stocks.

Stocks most in need of a reduction in fishing mortality are the Gulf of Maine cod, Georges Bank

cod, Cape Cod, Southern New England, and Mid-Atlantic yellowtail flounder, Southern New

England/Mid-Atlantic winter flounder, white hake, and American plaice (New England Fishery

Management Council, 2002).  Beginning August 1, 2002, the judge ordered a freeze on the

number of days-at-sea, equivalent to a 20% reduction from the maximum level used from 1996-

2000 (New England Fishery Management Council Exec.Summ., 2002).

Currently the groundfish fishery is managed through limits on the number of days fished

(days-at-sea, DAS), area closures, trip limits, minimum fish sizes, and gear restrictions.  The

New England Fishery Management Council recently asserted that fishing pressure on groundfish

may be decreasing, and state fishery management officials in Rhode Island, Massachusetts, and

Maine affirmed this.  The management officials indicated that many groundfish fishermen,

displaced by limited days-at-sea and closures to protect spawning stocks and to prevent large

whale entanglements, have diverted their efforts to lobster fishing (McKiernan et al., 2002).

Documenting effort for the multispecies groundfish gillnet fishery is difficult.  Early

reports of New England states’ landings varied by species.  During the 1970s, both gillnet

vessels and groundfish landings in New England greatly increased (Ruais and Goodreau, 1985).

Gillnet fishermen landed about 10.5 million pounds of groundfish in 1974, and 42.2 million

pounds in 1981.  During this time, the number of vessels significantly increased, with 23 tonnage

vessels (greater than five gross registered tons) fishing in 1974, and 201 in 1981 (Ruais and

Goodreau, 1985).  New England groundfish landings peaked around 1981 (especially in
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Massachusetts, see Figure 6) and began declining after, in both the number of participating

vessels and catch landed (Ruais and Goodreau, 1985).

I queried the NMFS Commercial Fishery Landings Database for landings of all species

covered by the Northeast multispecies fishery management plan.  I searched by state and gear

type: sink gillnet.  Using this database, landings made by sink gillnets were grouped with all

other gillnets prior to 1990.  Therefore, I report landings from 1950 to 1990 made by gillnets of

unspecified type, and landings from 1990 to 2001 made only by sink gillnets.  Maine and

Massachusetts have landed the most groundfish from 1960 to the present (Figure 6).  Landings

fluctuated yearly, but a general decline and leveling off is apparent, due to extensive collapses in

groundfish stocks, particularly in the early 1990s.  The Western Gulf of Maine year-round

closure to groundfish gillnetting, along with rolling closures in other areas to protect spawning

stocks, has terminated the entire sink gillnet fishery in Maine (Department of Commerce, 2002).

Figure 6. Commercial groundfish gillnet landings by state from 1950 – 2001 (NMFS
Commercial Fishery Landings Database).
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According to information provided by NMFS and fishermen’s logbooks from fiscal year

2000 (May 1, 2000 to April 30, 2001), approximately 379 New England groundfish vessels use

sink gillnets as their principal gear.  About 221 groundfish vessels use lobster traps as their

principal gear (New England Fishery Management Council FAQs, 2001), indicating that some

fishermen in the multispecies fishery actually fish for lobster, thus increasing entanglement risk

for large whales by placing additional traps in the water.  In 2000, otter trawls landed about 81%
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of total groundfish landings, and gillnets landed about 14%, or 12,653,000 pounds (New England

Fishery Management Council FAQs, 2001).

Gillnet fisheries – Monkfish

The monkfish fishery management plan, a joint effort between the New England and

Mid-Atlantic Fishery Management Councils, was submitted to the Secretary of Commerce in

1998 and was approved in 1999.

The original goals of the monkfish plan called for an end to and prevention of overfishing

through the rebuilding and maintenance of a healthy, spawning stock; an optimization of yield

and maximization of economic benefits; a prevention of an increase in fishing of immature fish;

and an allowance of a continued incidental catch of monkfish in other fisheries (New England

Fishery Management Council, 2003).

The two fishery management councils sought to regulate and rebuild the monkfish fishery

through a variety of methods: gillnet limits (mesh size), minimum size limits, limited access and

allocated days at sea, trip limits, and a mandatory time out of the fishery during spawning (New

England Fishery Management Council, 2003).

Monkfish landings from sink gillnets by all five New England states remained fairly low

until the early 1990s, when landings increased dramatically, mainly in Massachusetts (Figure 5).

Effort directed at monkfish may have been shifted from collapsed groundfish populations (New

England Fishery Management Council, 2003).  Over the last few years, seasonal closures to

monkfish fishing have been applied in certain areas of the Mid-Atlantic due to interactions with

sea turtles (Salvador, pers. comm.).
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Figure 7. Sink gillnet landings of monkfish by state in New England from 1963 – 2001 (NMFS
Commercial Fishery Landings Database).
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Gillnet fisheries – Spiny dogfish

The New England and Mid-Atlantic Fishery Management Councils jointly administer the

spiny dogfish fishery management plan (Atlantic States Marine Fisheries Commission, 2003).

After the passage of the Magnuson-Stevens Fishery Conservation and Management Act in 1976,

the spiny dogfish commercial fishery slowly gained importance in the U.S.  Spiny dogfish were

considered an under-utilized and low-value species prior to the early 1990s.  Around this time,

the fishery expanded greatly, mostly due to declining groundfish stocks (Atlantic States Marine

Fisheries Commission, 2003).

Spiny dogfish, commonly found along the east coast of the U.S. from Labrador to

Florida, are most abundant from Cape Hatteras to Nova Scotia (Atlantic States Marine Fisheries

Commission, 2003).  The primary gears used to harvest spiny dogfish are gillnets, trawls, and

longlines.  Fishermen have recently switched from offshore to inshore fishing, as dogfish occur

in inshore waters from Massachusetts to Canada during the summer months (Atlantic States

Marine Fisheries Commission, 2003).  Entanglement risk for large whales increases, as

fishermen use gillnets to harvest dogfish during seasons when large whales are abundant in those

areas.

 The lack of regulations led to increasing takes of dogfish, primarily of large, mature

females, resulting in a ten-fold increase in landings from 1987 to 1996 (Atlantic States Marine

Fisheries Commission, 2003).  In 1992, approximately seven million pounds of dogfish were
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landed, whereas 51 million pounds were landed four years later.  Landings then declined to about

34 million pounds in 1999 (Atlantic States Marine Fisheries Commission, 2003).

The quick expansion of this fishery and subsequent increases in fishing mortality led to

the creation of the spiny dogfish fishery management plan, as the stock was declared as being

overfished in 1998 (Atlantic States Marine Fisheries Commission, 2003).  The Atlantic States

Marine Fisheries Commission approved the spiny dogfish fishery management plan in 1999.

The management plan seeks to rebuild the dogfish stock to a level that produces a maximum

sustainable yield through a reduction in fishing mortality rate (Mid-Atlantic Fishery

Management Council, 2003).

Reporting of spiny dogfish landings by sink gillnets in New England began in the early

1990s (NMFS Commercial Fishery Landings Database).  Out of the ten-year period, Connecticut

reported 148 pounds landed in 2001 only and was not included in the figure.  Massachusetts

dominates the fishery, landing a peak of approximately 22 million pounds of dogfish in the mid-

1990s.  A sharp decline in landings occurred in the late 1990s.  The other three New England

states have consistently been landing fewer than five million pounds.

On November 21, 2002, the allocated spiny dogfish quota was reached, and the Atlantic

States Marine Fisheries Commission closed the fishery, prohibiting the commercial take of

dogfish through April 30, 2003, the end of the quota period (Atlantic States Marine Fisheries

Commission Memorandum, 2002).

On March 10, 2003, NMFS announced that it would propose a four-million-pound quota

for dogfish landings for the 2003 fishing year, which begins on May 1, in federal waters.  In

contrast, the Atlantic States Marine Fisheries Commission proposed a quota of 8.8-million-

pounds in state waters at a February 25th meeting of the Spiny Dogfish and Coastal Shark

Management Board.  Currently, no directed fishery exists for spiny dogfish.  Mid-Atlantic

fishermen fear that dogfish quotas will be reached in federal waters by New England fishermen

and the fishery will be closed before the dogfish ever migrate down the coast (Plante, 2003).

Once the state dogfish fishery closes, fishermen holding federal permits cannot fish in state

waters.
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Figure 8. Sink gillnet landings of spiny dogfish by state in New England from 1990 - 2001
(NMFS Commercial Fishery Landings Database).
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Provisions made for whale/fishery interactions

The four fisheries above – American lobster, Northeast multispecies, monkfish, and spiny

dogfish - have specifically been addressed in the Atlantic Large Whale Take Reduction Plan

(ALWTRP) to reduce interactions between commercial fisheries and large whales through gear

modifications and closures.  For example, floating lines are being replaced with sinking or

neutrally buoyant lines, which combine floating line fibers (polypropylene) with polyester to

prevent line buoyancy.

Below I describe fixed gear fisheries, both regulated and unregulated, not yet addressed

by the ALWTRP.

Deep-sea red crab

The red crab fishery management plan, implemented on March 18, 2002, followed

emergency measures enacted by the New England Fishery Management Council (NEFMC) to

prevent the overfishing and overcapitalization.  A directed red crab fishery began in 1973 with

the decline of offshore lobsters.  Red crab fishermen use anchored traps, similar to lobster gear,

which creates entanglement risks for large whales.  In 1974, only one or two vessels fished 250

pots and landed about 40,000 pounds of red crab per trip.  By 2000, five vessels fishing for red

crab used 544 pots, and had the capacity to land 78,000 pounds of red crab per trip.  In 2001, two

processor vessels joined the small fleet and each had the capacity to fish over 1,000 pots and

hold between 185,000-300,000 pounds of red crab (NEFMC Red Crab FMP, 2002).
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Reported red crab landings in the 1980s totaled 5.5 million pounds, while landings in

2000 alone totaled seven million pounds.  The large increase in effort after 1995 led to requests

by red crab fishermen for a fishery management plan to prevent overfishing and to control the

number of vessels entering the fishery.  Emergency regulations, put in place in May 2001, froze

participation to those vessels that had a history of landing at least 50,000 pounds during the year

preceding the published control date (NEFMC, 2001).

The current fishery management plan does not make provisions for interactions with

large whales, but does mention that requirements for marine mammal protection are listed in the

ALWTRP.  However, the measures listed in the ALWTRP are not specific to the red crab

fishery.

Black sea bass, scup, and tautog

The Atlantic States Marine Fishery Commission and Mid-Atlantic Fishery Management

Council jointly regulate a multispecies plan that includes summer flounder, black sea bass, and

scup.  Black sea bass and scup were added to the summer flounder plan in 1996 in an attempt to

prevent further overfishing and to increase low abundance levels.  These species can be found

from Southern New England to Cape Hatteras (scup) and Cape Canaveral (black sea bass).  Scup

is usually fished with otter trawls.  Similarly, otter trawls are used to take black sea bass, but fish

pots and even lobster pots are used (ASMFC, 2002).

  The Atlantic States Marine Fishery Commission regulates tautog, which is distributed

coastally from Nova Scotia to Georgia, but is most abundant between Cape Cod and Chesapeake

Bay.  Otter trawls are responsible for most of the catch, but landings also come from floating fish

traps and gillnets.  A recent demand for live fish has led to an increase in fishing with hook and

line, and fish pots.  The tautog fishery management plan was approved in March 1996 to address

declines in fish populations and vulnerability to overfishing.  NOAA Fisheries will be

considering regulations to address potential interactions between the black sea bass, scup, and

tautog fisheries and large whales.

Unregulated fisheries - Hagfish (slime eel)

The hagfish fishery, implicated in some large whale entanglements, began in 1993

(Kenney and Hartley, 2001).  Ten years later it is still not federally regulated.  Currently, most

boats in this fleet use Gloucester as their home port.  A few vessels fish out of Sakonnet River,
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RI, as well as Portland, ME (Hoffman, 2002).  A study funded by the Saltonstall-Kennedy

Program in April 1996 reported that mst of the hagfish caught in North Atlantic waters were

shipped to Korea (Hultin et al., 1996).  These researchers sought to identify domestic uses for

hagfish so the New England fishery could profit: uses of hagfish leather and the edibility of

hagfish meat.  Federal subsidies for the development of a new fixed gear fishery create even

more hazardous conditions for large whales.

Why is this fishery a problem for large whales?  A survey conducted in 2002 by Dan

McKiernan of the Massachusetts Division of Marine Fisheries gives insight into this mysterious

fishery.  To target hagfish, fishermen typically use strings of large pots (called trawls) connected

by groundline ropes.  These trawls carry up to ten pots for the inshore fishery, and between

eighty and 144 pots for the offshore fishery.  Inshore trawls can be 1,800 feet long, whereas

offshore trawls can be 7,200 feet long.  Concrete blocks are commonly used to anchor the trawls.

The average anchor line length is twelve feet for inshore and thirty feet for offshore fishing.

Fishermen typically use a combination one-half inch endline that is one-third nylon and

two-thirds poly rope, but diameters can range from three-eighths to five-eighths inches.  Inshore

groundlines, usually nylon, vary from seven-sixteenths to one-half inches in diameter.  Offshore

groundlines, usually a combination of nylon and poly, vary from three-eighths to five-eighths

inches.

An increased number of vertical lines in the water increases entanglement risk.  Hagfish

gear, similar to that of lobster, not only increases the number of vertical lines, but also floating

groundlines and endlines.  Trawl weight has the potential to anchor whales, or hinder their

mobility once they become entangled.  Regulation of this fishery has been difficult for several

reasons.  First, fishermen usually fish part-time in this fishery so establishing a measure of effort

is problematic.  Second, red crab fishermen, after being excluded from that fishery, have

converted to the hagfish fishery.  Last, this fishery is shifting from being an inshore fishery to

more of an offshore, big boat fishery, as resources inshore are becoming limited (Hoffman,

2002).

Unregulated fisheries - Jonah crab

The Jonah crab, traditionally caught as bycatch in the Maine lobster fishery, is currently

unregulated in Federal waters in the U.S.  Concerns are now arising about the potential for

fishermen to begin targeting this crab, about which little is known.  Members of the New
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England Fishery Management Council (NEFMC) have suggested adding the Jonah crab to the

Red crab fishery management plan, as both fisheries use fixed traps or pots similar to lobster

gear.  In January 2001, NEFMC Red Crab Oversight Committee members rejected this idea,

claiming that the inclusion of the Jonah crab would inhibit the development and implementation

of the Red crab plan, and that they did not have sufficient information about Jonah crab

(NEFMC Exec.Summ., 2001).

Since 1983, Canada’s Department of Fisheries and Oceans (DFO) has managed a joint

rock and Jonah crab fishery, and encourages fishermen to exclusively target crabs in light of

declining traditional fisheries.  Since the 1960’s, small numbers of Jonah crab were taken as

bycatch in the lobster fishery.  The DFO has established designated seasons, legal carapace

lengths, trap limits and designs, and participation requirements.  No provisions have been issued

to prevent large whale entanglements when the fishery takes place in eastern Nova Scotia, a right

whale summer feeding ground.

Implications for large whale entanglements

Fisheries in the northeastern U.S. follow three patterns: regulated fisheries making

provisions for large whale entanglements, regulated fisheries that lack entanglement measures,

and completely unregulated fisheries.  Management problems arise when fishermen switch from

one fishery to another.  Conservation measures, such as closures and limited days-at-sea, on the

groundfish fishery have created financial problems for fishermen.  Many feel the need to fish for

lobster or pursue other target species, such as those that are currently unregulated (Salvador,

2003).  Bringing regulated fisheries into compliance with entanglement prevention requirements,

such as gear modifications and seasonal closures, may decrease risk for large whales.  In

addition, bringing unregulated fisheries under control and administering prevention techniques

will protect fish stocks as well as whales.

Right whale research efforts

The New England Aquarium (NEA), a non-profit organization located in Boston, has

been responsible for most right whale research since 1980.  Prior to that, there was no scientific

research into the North Atlantic right whale population.  Therefore, it is impossible to document

entanglements that occurred prior to 1980.  However, NEA has recently conducted scarification
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analyses of right whales from 1980 to 2000.  Their results indicate that 71.9% of the population

has been entangled at least once, and there is an increasing trend in the number of right whale

entanglements (Knowlton et al., 2002).  I fit a regression line to the NEA data points for the

number of entangled whales from 1980 to 2000 (Figure 9).

Figure 9. Number of entangled right whales between 1980 and 2000 based on scars (Knowlton et
al., 2002).
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This analysis suggests that in fact right whale entanglements have been increasing since

1980 (p = 0.0158).  However, the authors indicate that analysis of whales entangled before 1990

was less accurate than detecting entanglements that occurred after 1990 (Knowlton et al., 2002).

Therefore, direct evidence of entanglements (based on scars) becomes more accurate during the

1990s, as entanglement research and monitoring became more focused.  An examination of data

restricted to the time period from 1989 to 2000 also exhibits an increasing trend, though it is not

significant (p = 0.2701).  However, future documentation of right whale entanglements may

strengthen this analysis.

NEA reports that juvenile whales become entangled at a higher rate than older whales

(Knowlton et al., 2002).  Juveniles grow into their entangling lines, since they may not be strong

enough to free themselves.  From these analyses, it is apparent that encounter rates between

whales and fixed fishing gear has increased, perhaps as early as 1970, when the offshore lobster

industry began to develop (Doliber, 1973).  The increased durability and rot-resistance of

synthetic lines, in addition to higher breaking strengths, decreases the ability of large whales to

free themselves once they have become entangled (Knowlton et al., 2002).
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Entanglement risk encompasses numerous factors – line strength and durability; the

quantity of fixed gear in the water; the number of lobster traps fished in trawls; and changes in

fishing effort due to new technology such as GPS and fish finders.  Currently, between four and

five million lobster traps are fished along the east coast of the U.S. (Lobster Stock Assessment

Report, 2001).  This number may be on the rise, as groundfish fishermen abandon their fishery in

favor of more financially and economically profitable ones – the lobster, monkfish, spiny

dogfish, and hagfish fisheries.

Encounter rates between large whales and fixed gear appears to be increasing; when these

rates began to rise is impossible to know, as right whale research began only in 1980.  Increases

in fishing effort, combined with the strength and durability of today’s fishing gear, have led to

high levels of entanglement risk for large whales.  Although regulations through fixed gear

fishery management plans and the ALWTRP intend to reduce or eliminate fishery interactions

with large whales, the documented eight right and twelve humpback whale entanglements in

2002 indicate that current efforts do not sufficiently decrease entanglement risk.

Management recommendations

The results of the 2003 Analysis of Fishing Gear Involved in Entanglements of Right and

Humpback Whales (Appendix 1) indicate that the current regulations designed to reduce

interactions between large whales and fixed gear are ineffective.  The increases in fishing effort

and changes in fixed fishing gear after World War II have increased the risk of entanglement to

large whales.  There were eight right whale entanglements documented in 2002.  Of those eight

right whale entanglements, one animal died, six have been presumed dead (based on the animal’s

condition at the time of the entanglement, as well as the absence of subsequent sightings), and

one was able to free itself of gear.  This past year was the worst since 1980 for serious right

whale entanglements.  Based on these analyses, further management recommendations are

required to reduce large whale entanglements.

According to the Atlantic Large Whale Take Reduction Plan (ALWTRP), both lobster

and gillnet fishermen must comply with three Universal Requirements:

1. No floating buoyline at the surface;

2. No wet storage of gear;

3. Encouragement (but not requirement) to maintain knot-free buoy lines.
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Fixed gear fishermen face a variety of regulations, from the management of their particular

fishery to conservation management of large whales by the ALWTRP.  I describe management

recommendations for further conservation of right and other large whales based on the 2003

Analysis of Fishing Gear Involved in Entanglements of Right and Humpback Whales (Appendix

1), as well as the research I have conducted.

Groundlines

The 2003 Gear Analysis indicates that sinking groundlines reduce entanglement risk, as

no animals were entangled in sinking groundline (Appendix 1).  I recommend the use of sinking

groundlines at all times of year for all regulated areas.  According to the ALWTRP, seven

separate areas for lobster fishing are managed, each with different regulations; lobster fishermen

are required to use sinking groundlines sporadically throughout the year.  During times of

seasonal area management (SAM), sinking groundlines are required from March 1st to April 30th

in SAM West and from May 1st to July 31st in SAM East (Figure 10).  Sinking groundlines are

required in the Cape Cod Bay Critical Habitat from January 1st to May 15th.  The Great South

Channel Critical Habitat is closed to lobster fishing from April 1st to June 30th (Figure 11).

These two (out of seven) managed areas make provisions to ban the use of floating groundlines

at two times during the year when right whales are expected to be there.  The other five areas

make no such provisions.

Figure 10. SAM East and West in the Northwest Atlantic (ALWTRP, 2003).
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Figure 11. Regulated American lobster waters in the Northwest Atlantic (ALWTRP, 2003).

For gillnet fishing, the ALWTRP applies to six areas.  Sinking groundlines (linking

panels of nets to the anchor) are required during SAM closures in the area labeled Other

Northeast Waters Area: floating groundlines are always permitted except during this closure

time.  The Cape Cod Bay Critical Habitat is closed to gillnet fishing from January 1st to May 15th

and the Great South Channel Critical Habitat Area is closed from April 1st to June 30th (Figure

12).



40

Figure 12. Regulated gillnet waters in the Northwest Atlantic (ALWTRP, 2003).

Buoylines and endlines

As stated in the universal requirements (see above), lobster and gillnet fishermen are

required by the ALWTRP to use sinking buoylines at all times.  However, sinking buoylines

and endlines do not decrease entanglement risk.  It is apparent that the presence of all vertical

lines in the water column poses a risk, regardless of whether the line is floating and sinking.  The

2003 Gear Analysis indicated that four right whales were entangled in sinking buoyline/endline;

two right and five humpback whales were entangled in a combination of floating and sinking

buoyline/endline (Appendix 1).  During SAM closures, no more than one buoyline may be used

in both lobster and gillnet fishing.  Weak links of varying strengths, approved by NMFS, must be

placed at the buoyline during certain times of year for certain areas, as well as on the net panels

of gillnets.  I recommend further testing of the strength and efficacy of weak links for reducing

the entanglement risk presented by vertical lines.
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Critical habitat

On July 11, 2002 NMFS received a petition from the Ocean Conservancy requesting a

revision of current right whale critical habitat off the coast of Massachusetts to further protect

this critically endangered population.  The Ocean Conservancy proposed an expansion of the

Southeast critical habitat calving ground designation, and an expansion and combination of the

Cape Cod Bay and Great South Channel critical habitats.  After reviewing the petition, NMFS

concluded that sufficient information was presented to warrant the distribution of the petition for

public comment.  After receiving and reviewing these comments, NMFS will decide which, if

any, further actions should be taken.

Expansion of right whale critical habitat will increase protective measures, as strict

regulations are already in place in existing critical habitats; these gear modifications will be

extended to cover a greater area.  Further research examining other potential high-use areas may

contribute to conservation efforts.  

Unregulated fisheries

Four regulated fixed gear fisheries – American lobster, Northeast multispecies

(groundfish), monkfish, and spiny dogfish – also have provisions stipulated by the ALWTRP to

reduce interactions with large whales.  Several other trap or pot fisheries are managed by

regional councils but are not included in the ALWTRP – deep-sea red crab, conch/whelk, tautog,

scup, and black sea bass.  NMFS, in conjunction with the Atlantic Large Whale Take Reduction

Team, is considering gear restrictions for these fisheries through the ALWTRP to reduce

entanglement risk for large whales.

Two unregulated fisheries that use traps or pots – slime eel (hagfish) and Jonah crab –

also have the potential to interact with large whales.  The New England Fishery Management

Council is considering the creation of fishery management plans for both fisheries.  Large whale

biologists and NMFS gear experts have recognized the need for both fisheries to come into

compliance with ALWTRP regulations (McKiernan et al., 2002).  The Atlantic Large Whale

Take Reduction Team has considered the hagfish fishery, and one vessel has been equipped with

neutrally buoyant line to use between hagfish pots.  Currently eight vessels in Massachusetts fish

for hagfish (McKiernan).
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Consistent regulations in all fixed gear fisheries must be created to benefit whales, and

bring all fishermen into compliance.

Fishermen’s perceptions of ALWTRP regulations

During the June 2001 Atlantic Large Whale Take Reduction Team Meeting in Portland,

ME, members identified the need to hold a fishing gear workshop to further discuss large whale

entanglement problems.  This meeting, held from May 6-8, 2002, included large whale

biologists, fishing industry representatives, and state government officials from Massachusetts,

Maine, and Rhode Island.  Meeting participants exchanged ideas about the current ALWTRP

regulations.  A list of ten recommendations was drafted.

The fishing industry was opposed to using only one buoyline per gear set and using either

neutrally buoyant or sinking buoyline.  According to the analysis conducted here, the use of

floating or sinking buoylines and endlines had no bearing on large whale entanglements.

However, reducing the number of vertical lines in the water by requiring only one buoyline per

gear is likely to reduce entanglement risk to large whales.  Fishermen also opposed the use of

trigger-release devices, where vertical lines are deployed to the sea floor and electronically

triggered to return to the surface for gear retrieval.  Currently these devices are considered

expensive and unreliable.

Fishermen agree that floating groundlines do present an entanglement risk for large

whales and are willing to work to reduce this risk.  My analysis indicated that sinking

groundlines would reduce entanglement risk; no whales in the study were entangled in sinking

groundline (Appendix 1).  Fishermen also agree that weak links should be employed on all

floatation devices.  However, I reiterate that more research must be conducted to evaluate a

whale’s reaction once it becomes entangled.  For example, applying a weak link to a buoyline

has the potential to release an entangled whale.

The fishing industry believes strongly that dynamic area management (DAM) should not

be used as a conservation strategy.  Industry representatives stated that responding to small

aggregations of right whales at short notice is costly in terms of time and money.  I agree that

removing gear from the water in a short period of time creates problems.  In December 2002 a

DAM zone was triggered by the presence of right whales on Jeffrey’s Ledge.  Originally, NMFS

required fishermen to remove their gear.  Due to adverse weather conditions, however, NMFS
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then changed the mandatory restrictions and asked fishermen to voluntarily remove their gear

and refrain from setting new gear during those 15 days.  Voluntary restrictions provide no

incentives for compliance; complying fishermen essentially lose valuable time and money to

those that choose not to.  In this case, dynamic area management is not a practical conservation

tactic.

Fishermen agreed that all fixed gear fisheries should be brought under the regulation of

the ALWTRP.  I agree.  It is unfair that only American lobster and gillnet fishing have been

included thus far.  Fishermen using any gear with the potential to entangle large whales must be

brought into compliance with whale-related rules.  Lobster and gillnet gear may entangle more

whales, but other gear types have been involved: crab, conch/whelk, and slime eel.  Again this

analysis is based only on whales with documented entanglements; we know that many right

whales become entangled but shed the gear on their own (Knowlton et al., 2002).  We do not

know what types of gear are involved in those entanglements.

In addition, fishermen agree that rules should be made more consistent, especially within

right whale critical habitats.  Not always fishing in the same areas, fishermen are forced to learn

and comply with various rules applying to different regulated areas under the ALWTRP.

Further research

Understanding and describing a whale’s reaction upon becoming entangled is virtually

unknown and in need of further study.  The behavior of a whale during its initial interaction with

fishing line may diminish or eliminate the effectiveness of weak links.  Until then, the

effectiveness of the placement and breaking strengths of current weak links cannot be fully

assessed.

To aid large whale conservation, documenting when and where whales interact with gear

should be attempted.  This requires full participation by not only whale biologists and fishermen,

but also other vessels, such as whale watch vessels, cargo ships, and recreational boaters who

report entanglements.

Also further research efforts should examine fixed gear fisheries: in particular

determining the number of vessels that switch between gear types; the number of actively fishing

vessels in both state and federal waters; the season, amount and type of gear being fished; and

the areas that are fished (adapted from the Harbor Porpoise Take Reduction Plan, 1996).



44

Currently, unless gear is removed from an entangled whale that can be traced to an

owner, sufficient information is unavailable to make definitive conclusions about the types and

parts of the gear (buoyline, endline, groundline, and lines associated with the surface system)

that most commonly entangle large whales.  Currently, data are not available to determine how

many fishermen use, for example, floating as opposed to sinking groundline.  Therefore, drawing

conclusions about potential entanglement risk presented by different parts of the gear becomes

extremely difficult and perhaps biased, based only on reported entanglements and observer

effort.  Perhaps a survey of New England fishermen, requesting information about their specific

gear, will shed light on this difficult situation.  Gear marking may also help in determining where

individual whales become entangled, and what parts most commonly are involved: for example,

buoyline/endline and groundline.

Conclusion

Fishermen agree with many of my proposed management recommendations.  The major

area of disagreement involves the number of vertical lines in the water column.  In addition, the

effectiveness of further gear modifications, in particular weak links, must be tested to reduce

entanglement risks that are imposed by vertical lines.

Disentanglement, a reactive rather than proactive approach, cannot be considered a

viable, long-term solution to interactions between fisheries and large whales.  Disentanglement

creates a dangerous situation for the people involved, and its success depends on the nature and

severity of the entanglement, participation by fishermen and others in reporting entanglements,

and the efficiency of the response to these reports (Knowlton and Kraus, 2001).  Gear

modifications and seasonal closures will provide the greatest protection for this critically

endangered population in the long-term.  Such measures must be continuously tested and

improved.
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Appendix

Analysis of Fishing Gear Involved
in Entanglements of Right And Humpback Whales

Amanda Kozuck1, Glenn Salvador2, John Kenney3 and Phil Clapham4

1Duke University Marine Laboratory, 135 Duke Marine Lab Road, Beaufort, NC  28516
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3National Marine Fisheries Service, Northeast Region, Fisheries Engineering Group, P.O. Box 228, Kingston, RI
02881
4Large Whale Biology Program, Northeast Fisheries Science Center, 166 Water Street, Woods Hole, MA 02543

ABSTRACT

The North Atlantic right whale is one of the rarest of the large whales, with a population estimated at about 300-350
individuals (Kraus et al., 2001).  Despite international protection from whaling since 1935 and endangered species
status, this population remains small and is declining (Caswell et al., 1999).  Factors hindering recovery include ship
strikes and entanglements in fixed fishing gear.  The analysis summarized here supplements a preliminary study
conducted by Clapham (2001) which examined the type and part of gear involved in right whale entanglements in
cases where gear had been removed; the present study adds additional data on right whales not included in the
earlier work, and examines similar entanglements of humpback whales, for which entanglement also represents a
significant concern.

Documented entanglements of 40 right whales (involving 43 separate entanglement events) and 37
humpback whales (involving 38 entanglement events) were assessed to determine the type and part of gear involved
(buoyline, endline, floatline, groundline, and lines involved with the surface system), as well as each whale’s fate
and location of the entangling gear.  We conclude that any type and part of fixed gear is capable of entangling a
whale, and that any body part can be involved.  Of sixteen entangled right whales known or presumed to be dead,
five were entangled in lobster gear, one in unidentified gillnet, one in a Danish seine, and nine in unidentified or
unknown gear.  Three humpback whales are known to have died, two in sink gillnet and one in lobster gear.  None
have been presumed dead.  Sample size is currently too small to detect any trends in the type of gear involved in
lethal entanglements, although lobster and gillnet gear appear to be the most common.

In terms of entanglement risk, vertical lines in the water column (buoylines/endlines) pose potentially high
risks irrespective of whether the line involved is made of floating or sinking line.  Possibly one right whale and no
humpback whales were entangled by a floating buoyline/endline, whereas four right and no humpback whales were
entangled in buoyline/endline made of sinking line.  However, two right and five humpback whales were entangled
in buoyline/endline made of both floating and sinking line.  In contrast, groundlines made of sinking rope may
reduce entanglement risk, as no whales in the analysis were entangled in this type of line; three right and three
humpback whales were entangled in floating groundline.  However, it is important to realize that it is not possible to
draw conclusions about the relative degrees of risk represented by the different line types or parts of gear, since the
apparent rates are subject to unknown and potentially large sources of bias related to both fishing effort and observer
reporting.

INTRODUCTION

Mortalities from entanglements in fixed fishing gear are, in addition to ship strikes, a major factor inhibiting the
recovery of the critically endangered North Atlantic right whale (Eubalaena glacialis).  Lobster traps and gillnets
are the two commercial fixed gear types most commonly implicated in such entanglements.  The development of
mitigation strategies to reduce or eliminate entanglement risk is contingent upon an understanding of how right
whales become entangled, and what part of the gear creates the greatest entanglement risk.

Fixed gear can be broken down into four or five components – groundline, buoyline/endline, floatline, as
well as lines involved with the surface system.  Groundlines connect strings of lobster traps to each other, as well as
a string of gillnets to the anchor.  Floating groundlines between lobster traps create an entanglement risk by forming
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an arc of line that floats 15 to 20 feet into the water column.  Similarly, for gillnets, floating anchor lines connecting
a string of nets to the anchor can entangle a whale.  Endline/buoyline, connecting gear to the surface, terminate in a
surface system, which is sometimes regarded as a separate portion of the gear.  Floatlines run across the tops of
gillnets, holding them open.  The surface system itself includes lines that connect buoys and hi-flyers to the
buoyline.  The vertical and floating nature of these lines poses additional entanglement risk to large whales.

In a preliminary analysis of the types and parts of gear involved in right whale entanglements, Clapham
(2001) concluded that both types of fixed gear (trap and gillnet) can be involved in serious (i.e. life-threatening)
entanglements, and that such entanglements can involve any part of the gear.

To supplement this preliminary analysis, we summarize here an investigation of the entanglements of
additional right whales not included in the original analysis by Clapham (2001), as well as humpback whales
(Megaptera novaeangliae).  In both analyses, these involved entanglements from which gear was recovered and
examined by National Marine Fisheries Service (NMFS) gear specialists or other sources considered reliable.  We
also examined photographs of entangled right and humpback whales from which no gear was recovered to assess
whether these records could be of any value in assessing the nature of entanglements.  For each incident, we
examined types of gear, parts of gear, line type, location of entanglement on the whale, and the eventual outcome for
the animal.

METHODS

In this analysis, we examined all entanglement records for which gear was recovered from right and humpback
whales in the Northwest Atlantic.  Humpback whales from the Gulf of Maine were included partly because
entanglement is a significant management issue for this population (Robbins and Mattila, 2003), and also because
entanglement risks and related gear issues are assumed to be similar to those involving right whales.

In addition to these records, we examined photographs of entangled right and humpback whales from
which no gear was recovered but where photographs of some portion of the entanglement were available.
Photographs of entangled whales were obtained from the New England Aquarium for right whales and the Center
for Coastal Studies for humpback whales; all photos were digitally scanned for easier analysis and distribution.

For right whales, the entanglements examined here date back to 1986; the sample includes the eight whales
known to have been entangled during 2002.  For humpback whales, we began with two 1986 entanglements, and
examined all other incidents up to and including eleven animals reported entangled in 2002.

For events from 1997 to 2002, NMFS gear specialists (John Kenney and Glenn Salvador) evaluated
entanglement information in order to make determinations of gear type and gear part.  Cases in which a definitive
determination could not be made were treated as unknown.

In this analysis, we examined five key variables, defined as follows:

Gear type: These included sink gillnet, lobster offshore, lobster inshore, lobster unknown location, crab pot,
conch/whelk, tuna, pot-related, slime eel, anchor system, and unknown.

Part of gear: As noted above, this included buoyline/endline, surface system, floatline, and groundline.  For the
purpose of this analysis, we decided to combine endline and buoyline, since both lines connect the gear to the
surface system and can be used interchangeably.  The surface system is comprised of line connecting the buoys and
hi-flyers to the buoyline.

Line type: Floating or sinking.

Location of gear on whale: Parts of the body involved included mouth, head, flipper(s), body, tail, as well as a
category for “unknown/uncertain”.

Outcome (fate of the whale): Possible outcomes included dead (animals known to have died), presumed dead
(identified whales, according to the New England Aquarium’s Right Whale Catalog, are presumed dead based on
the whale’s condition at the last sighting and the absence of resightings since then), resighted free of gear, shed gear
at time of entanglement, remains entangled, and unknown (usually because the entangled whale could not be
identified due to a lack of photographic documentation, most likely because the animal was not seen again).
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Other variables recorded: Where available, we included data about individual right or humpback whale
identification numbers or names, sex, age (in years), age class (calf, juvenile, adult), location of the entangled whale
at the first observation, and whether or not disentanglement was attempted.

RESULTS

We examined 43 right whale entanglement records for 40 individuals.  One animal (#2212, a juvenile male) was
involved in three separate entanglements; the gear involved with each was analyzed separately.  This animal was
first entangled in 1997, and was resighted in 1998 with (we presume here) the same entanglement.  He was partially
disentangled and resighted about two months later with another entanglement.  The Center for Coastal Studies
(CCS) successfully disentangled #2212 that day, but two days later resighted him, entangled again.  Although he
was disentangled a second time, this animal was presumed dead due to the presence of line running down the throat
from his first entanglement, and the animal’s subsequent disappearance from the population.  Right whale #2212 has
been assigned three separate outcomes for each of the three separate entanglements - presumed dead (first
entanglement), resighted free of gear (second entanglement), and presumed dead (third entanglement).

Right whale #2320 (“Piper”) had two separate entanglements, with two outcomes.  This whale, entangled
in 1994, was resighted free of gear in 1997, but became entangled again in 2002 and remains so.

We examined 38 humpback whale entanglement records for 37 individuals, from 1986 to 2002.  Only one
animal was counted twice - an individual known to CCS as “Mauro.”  This animal was entangled in May of 2000,
resighted free of gear that October, and entangled again in 2002.

Examination of the scanned photographs (representing nine right whales and seven humpback whales)
yielded no useful information about gear type or part.  Although the entangling gear could not be identified on any
of these animals, all nine right whales and all seven humpback whales were included in the analysis to increase the
number of animals in the study.  It is important to note that many entanglements involve gear of unknown type.  In
addition, the location of entangling lines on the body was unknown for four of these humpback whales.

Details of the 43 right and 38 humpback whale entanglements follow.  Results are divided into separate
sections for each of the variables examined, as well as analyses of combined categories (e.g. outcome for a whale as
it related to the type of gear).

Outcome: Refer to Figure 1.
(“Shed gear” refers to animals that are known to have freed themselves at the time of the entanglement.)

Dead Presumed
dead

Resighted
free of gear

Remains
entangled

Shed gear Unknown

Right 5 11 19 6 0 2
Humpback 3 0 19 9 2 5

Note: Right whale #2212 was reported entangled on 8/27/97 and was resighted on 7/24/98, still entangled; these
incidents were counted as one.  After a partial disentanglement by CCS on 7/24/98, CCS presumed #2212 dead.  A
couple of months later (9/12/98) #2212 was entangled again, and CCS disentangled him.  Two days after that, #2212
was entangled again, on 9/14/98.  Although disentangled again by CCS, he was presumed dead, as line from the
entanglement on 7/24/98 remained in his mouth.  The presumed dead categorization was included twice as an
outcome for this individual.  In addition, an outcome of resighted free of gear was assigned to #2212 after the CCS
disentangled the animal from its second entanglement (9/12/98).  This animal has not been sighted since 9/14/98.
Entangling gear types: Refer to Figure 2.
 (UN = unknown; LI = lobster inshore; LO = lobster offshore; LU = lobster unknown location; SG = sink gillnet; CR
= crab pot; CW = conch/whelk; pot = pot-related gear; TG = tuna gear; seine = Danish seine)

UN LI LO LU SG CR CW Pot TG Slime eel Anchor system Seine
Right 29 3 4 2 2 1 0 1 0 0 0 1
Humpback 16 5 0 0 11 1 1 1 1 1 1 0
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Note: For right whale gillnet entanglements, one involved sink gillnet and the other involved a gillnet of unknown
type.  All humpback whale gillnet entanglements involved sink gillnets.

Gear type + outcome :

For right whales, 16 incidents were documented in which 15 animals were known to have died or were presumed
dead based on the whales’ conditions at the last sighting and the absence of subsequent resightings.  Of these 16
incidents, five animals were entangled in lobster gear, one in a gillnet of unknown origin, one in a Danish seine, and
nine in unknown/unidentified gear.

For humpback whales, three animals are known to have died: one from inshore lobster and two from sink gillnet
entanglements.  However, the parts of the gear involved in these three deaths could not be determined.  No animals
were presumed dead.

Part of gear: (some incidents involved more than one part)

Buoyline/endline Floatline Groundline Surface system
Right 8 (+1 possible) 0 4 2
Humpback 6 0 3 0
Dead or presumed
dead
Right 1 (+1 possible) 0 2 1
Humpback 0 0 0 0

One right whale, unidentified by the New England Aquarium, was entangled on 6/24/97 in two parts of the same
gear - both buoyline/endline and groundline associated with crab pot gear.  This animal’s fate is unknown.
Similarly, an unidentified humpback whale entangled on 9/17/01 in both buoyline/endline and groundline associated
with pot gear.  This animal’s fate is also unknown.       

Type of line:

For right whales, 11 entanglement incidents involved floating line, and 7 involved sinking line.
For humpback whales, 13 entanglement incidents involved floating line, and 8 involved sinking line.
Some of these incidents involved both types of line.

Type of line + part of gear: Refer to Figures 3, 4, and 5.

Floating line only Buoyline/endline Floatline Groundline Surface system
Right 1 (possible) 0 3 1
Humpback 0 0 3 0
Sinking line only
Right 4 0 0 1
Humpback 0 0 0 0
Floating + sinking line
Right 2 -- -- 1
Humpback 5 -- -- 0

Location of gear: (some records include more than one location on the whale) Refer to Figure 6.

Mouth Head Flipper(s) Body Tail Unknown
Right 24 11 9 6 10 7
Humpback 8 3 6 7 15 11
Dead or
presumed dead
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Right 7 3 5 2 7 1
Humpback 2 1 2 0 1 1

Out of 16 incidents involving right whales known to have died or that have been presumed dead, eight
entanglements involved more than one body part (Figure 7).

Of the three known dead humpback whales (none were presumed dead), one was entangled in four places: mouth,
head, flipper, and tail.  The second animal had a head and flipper entanglement.  The third’s entanglement locations
were unknown (Figure 7).

Seven dead or presumed dead right whales were entangled in one body location only:

Mouth only Head only Flipper(s) only Body only Tail only
Number of animals 1 0 2 0 4

DISCUSSION

The analysis described here provides additional support, based upon a larger sample size, for the preliminary
conclusions of Clapham (2001).  Specifically, it is clear that serious entanglements of both right and humpback
whales can potentially involve all major types of fixed fishing gear, and any part of that gear.  The latter includes
buoyline/endline, groundline, and lines making up the surface system.

Both right and humpback whales were documented as dying from entanglements.  However, the absence of
presumed dead categorizations for humpback whales differs from the relatively large number of presumed dead right
whales (see Figure 1), even though the humpback population is estimated to be three times larger than that of the
right whale (Clapham et al., 2003). This difference could be taken as evidence that humpback whales are less likely
than right whales to become seriously entangled.  It may also reflect the possibility that humpback whales have a
better chance of being resighted.  The number of documented deaths from entanglement is almost certainly an
underestimate of the true situation in the two populations concerned.

Fifteen individual right whales (involving 16 entanglement incidents) in this analysis are known to have
died or have been presumed dead (recall that #2212 received two outcomes of presumed dead).  Of these fifteen
whales, five were entangled in lobster gear, one in sink gillnet, one in a Danish seine, and nine in unidentified or
unknown gear.  Right whale #2212 was entangled in both unknown gear and also inshore lobster gear.  Three
humpback whales are known to have died, two in sink gillnet and one in lobster gear.  None have been presumed
dead.  Sample size is currently too small to detect any trends in the type of gear involved in lethal entanglements,
although lobster and gillnet gear appear to be the most common.

One right whale has died from being entangled in buoyline/endline, and another (#2212) has been
presumed dead from a possible buoyline/endline entanglement.  Two animals have experienced similar outcomes
(one dead and one presumed dead) from entanglements in floating groundline.  Floatlines have not been involved in
any entanglements of either right or humpback whales included in this study.  Surface system lines were involved in
the entanglement of one right whale that has been presumed dead.

This analysis highlighted an apparent difference between floating and sinking line in terms of potential
entanglement risk, although as we note below there are substantial problems with interpretation of these data
because of unknown and potentially large biases in both fishing effort and reporting.  Where floating line was
identified, entanglements of right and humpback whales occurred most frequently in groundline (Figure 3).  Six
animals (three of each) were entangled in floating groundline.  The first right whale entangled in floating groundline
has died, the second has been presumed dead (based on the animal’s condition at the time of the entanglement, as
well as no subsequent sightings), and the third has been resighted free of gear.  One right whale was possibly
entangled in floating buoyline/endline (Figure 3).  Where sinking line was identified, entanglements of right whales
occurred most frequently in buoylines/endlines, as four whales became entangled in this part of the gear (Figure 4).
Superficially, the use of sinking groundlines could be taken as providing some measure of entanglement risk
reduction, since no entanglements of either species involved sinking groundline.

However, it is important to recognize that these apparent differences in entanglement risk, as implied by
differences in entanglement frequencies, are subject to potentially large and unknown biases.  In particular, we have
effectively no knowledge of the relative frequency with which lines of different types are employed throughout the
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fishing regions concerned; consequently, any comparison of entanglement rates by line type without knowledge of
effort is potentially misleading.   As an obvious example, if the quantity of floating line in use exceeds that of
sinking line by a large factor, then – all other things being equal – there will inevitably be more entanglements in
floating line.  Determining the true relative rates of entanglement in floating versus sinking line is not possible
without this key item of information.

No humpback whales in this analysis were entangled in sinking buoyline/endline.  However, vertical and
surface system lines can be made of both floating and sinking lines.  Two right and five humpback whales were
entangled in buoyline/endline that contained both floating and sinking parts, and one right whale was entangled in
surface system lines containing both floating and sinking parts (Figure 5).  These results confirm that vertical lines
in the water column pose a significant entanglement risk to large whales, regardless of line type

However, it is not possible to extend our conclusions beyond this general statement.  Whether vertical and
surface system lines represent more of an entanglement risk than groundlines is currently very difficult to determine
because of unknown biases in fishing and reporting effort. Vertical and surface system lines may be reported more
frequently than groundlines, since vertical lines are easier to identify when a buoy is present.  Vertical lines and
surface system lines may thus appear to represent a greater entanglement risk than floating groundlines, which are
usually only identified when gear is removed from an entangled animal.

Out of a combined total of 81 entanglement events analyzed here (comprising 77 animals), 38 (46.9%)
involved whales that were resighted free of gear.  Out of 19 right whale resightings, four were actively disentangled,
four were partially disentangled, nine were not disentangled at all, and two animals’ disentanglement statuses were
unknown.  Out of 19 humpback whale resightings, twelve animals were disentangled, five were not, and two had
unknown disentanglement statuses.  This may indicate that some right whales are able to shed gear on their own,
provided that those entanglements are not life threatening.  In a right whale scarification analysis conducted by the
New England Aquarium (NEA, Knowlton et al., 2002), the authors concluded that although a large number of right
whales become entangled on an annual basis, most are able to get free, leaving them with scars.

Although both sexes appear to be equally vulnerable to entanglements, the NEA analysis indicated that
juveniles are entangled with greater frequency than adults (NEA, Knowlton et al., 2002).  In this analysis, out of
eighteen entangled right whales known to be juveniles (including 1 calf), seven are presumed dead and three are
known to have died.  Right whale #2212, a juvenile male involved in three separate entanglements, was assigned,
for this analysis, one final outcome of presumed dead.  Seven juveniles were resighted free of gear and one remains
entangled.  Where age was known, five adult right whales have died or have been presumed dead.  Therefore, ten
out of fifteen animals (66.7%) that are dead or have been presumed dead were juveniles, whereas five out of fifteen
(33.3%) were adults.  These results provide support for the NEA findings that juveniles are more vulnerable than
adults to becoming entangled.  It is possible that juvenile animals do not have sufficient strength to break free from
entangling lines, which can then lead to serious injury and infection resulting from the animals “growing into” the
lines.

Virtually any body part can be involved in an entanglement, but some trends can be seen which may give
insight into how whales become entangled (Figure 5).  Right whale entanglements frequently involve the mouth,
which likely indicates that many entanglements occur while whales are feeding.  In contrast, humpback whales are
more commonly reported with entanglements in the tail region.  Eleven out of 38 (28.9%) humpback whale
entanglements involved the tail only.

Out of the sixteen right whale entanglement events (involving fifteen individuals) that have led to an
animal’s death or to presuming an animal dead, seven entanglements involved more than one region of the body, the
most common being the mouth.  Seven of the remaining fifteen animals were entangled in one region only, and two
were entangled on unknown locations of the body.  In cases where only one body part was involved, one involved
the mouth only, two involved the flipper(s) only, and four involved the tail only.  These data do not represent any
significant trend in determining a whale’s fate based on the location of the entanglement.  However, entanglements
involving the tail region may inhibit swimming and foraging abilities, thus leading to the death of the animal.
Similarly, for humpback whales no definite trend can be seen that link the outcome of an animal with the location of
entangling gear.  Three humpback whales are known to have died: the first with entanglements involving the mouth,
head, flipper, and tail; the second involving the head and flipper; and the third involving unknown locations.

Where entangling gear has been identified, humpback whales were entangled 50% of the time in sink
gillnets as compared to other gear types (Figure 2).  Unfortunately, testing the statistical significance of this finding
is not practical.  Without being able to measure whale encounter rates with gillnets (i.e. how many gillnets exist and
what the probability is of a humpback whale becoming entangled in one), we are unable to generalize this finding to
the population and therefore cannot conclude that humpbacks more frequently become entangled in gillnets than any
other gear type.
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Serious right whale entanglements involve various types of fixed gear, notably lobster traps and gillnets.
Unfortunately, most entangling gear remains unidentified (Figure 2).  In many cases, whales of both species are
observed carrying gear but are not located again, precluding identification of individuals and of the entangling gear.
As we found in this analysis, photographs of entanglements are seldom useful in identifying type or part of gear;
accordingly, gear retrieval should remain a priority for the future.

For management purposes, this analysis confirms that vertical lines pose significant entanglement risks for
large whales.  The type of line involved – floating or sinking - does not matter when the lines are part of the
buoyline/endline or surface system.  Floating groundlines also pose an entanglement risk; use of sinking or neutrally
buoyant line should significantly decrease this risk, but at this point the data are inconclusive.

The risk presented by vertical lines might be reduced with correct placement of weak links with sufficiently
low breaking strengths.  However, the efficacy of weak links remains to be demonstrated, and may be countered by
the behavior of the whale upon entanglement.  More information on the specifics of entanglements is required.

In conclusion, this analysis confirms that all types of fixed gear, and all parts of the gear, are involved in
serious entanglements, and that several body parts of the whale are involved in such incidents.  There are some
indications that sinking line might pose lower risks than floating line in groundlines, but this cannot be confirmed
without knowledge of the extent to which the two kinds of rope are used in the fishery.  Overall, it is not possible to
compare relative risk among line types or parts of the gear, since these factors are subject to unknown and
potentially large biases in reporting and fishing effort.

LITERATURE CITED

Caswell, H., Brault, S. and Fujiwara, M. 1999.  Declining survival probability threatens
the North Atlantic right whale.  Proceedings of the National Academy of Science USA 96: 3308-3313.

Clapham, P.  2001.  Right whale entanglements: gear analysis.  Unpublished report available from the Northeast

Fisheries Science Center, 166 Water Street, Woods Hole, MA 02543.

Clapham, P.J., Barlow, J., Bessinger, M., Cole, T., Mattila, D., Pace, R., Palka, D.. Robbins, J. and Seton, R.  2003.
Abundance and demographic parameters of humpback whales from the Gulf of Maine, and stock definition
relative to the Scotian Shelf.  Journal of Cetacean Research and Management (in press).

Knowlton, A.R., Marx, M.K., Pettis, H.M., Hamilton, P.K., and Kraus, S.D. 2002.  Scarification analysis of North
Atlantic right whales (Eubalaena glacialis): Monitoring rates of entanglement interaction.  Final report to
the US National Marine Fisheries Service (unpublished).  Available from the New England Aquarium,
Central Wharf, Boston, MA.

Robbins, J. and Mattila, D.K. 2003.  Gulf of Maine humpback whale entanglement scar monitoring results.  Final
report to the US National Marine Fisheries Service (unpublished).  Available from the Center for Coastal
Studies, Box 1026, Provincetown, MA  02657.



52

Figure 1.  Outcomes (fates) determined at the time of entanglement.
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Figure 2: Whale entanglements by gear type. (LI = lobster inshore, LO = lobster offshore).
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Figure 3.  Depicts number of entangled animals where only floating line was retrieved.
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Figure 4.  Depicts number of entangled animals where only sinking line was retrieved.
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Figure 5.  Depicts the number of entangled whales in vertical and surface system lines where both floating and
sinking line parts were retrieved.
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Figure 6.  Depicts the location on the body of each documented entanglement.  Some locations include more than
one body part.
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Figure 7.  Depicts the location of entanglement whales that are dead or have been presumed dead.  Some locations
include more than one body part.
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DATE SPECIES ID Location at first observation Body Outcome Gear type Gear part Float v. Sink
19860829 Eg 1163 (Stars) MA Bay (4215.8/7013.1) MH P Unknown UN
19870925 Eg 1113 Roseway Basin (4253.8/6516.9) M R Unknown UN
19900816 Eg 1907 Bay of Fundy (4437.2/6628.7) T D Unknown UN
19930709 Eg 2233 120 m SE Nantucket T P Lobster UN
19940107 Eg 1621 Georgia UN R Unknown UN
19940222 Eg 2404 Offshore NE Florida UN P Unknown UN
19940909 Eg 2320 (Piper) Bay of Fundy UN R Sink gillnet G F
19940921 Eg 1247 44 39.2 65 21.4 T P Unknown G
19941116 Eg 2151 Near Plum Island, Mass HT P Unknown UN
19950717 Eg 2366 Middletown, RI MF D Lobster offshore UN
19950916 Eg 2110 Bay of Fundy UN R Surface gillnet UN
19960106 Eg 1707 Florida UN R Unknown UN
19970412 Eg 1505 MA Bay MH E Unknown UN
19970624 Eg ? 30nm W. Yarmouth, NS T U Crab pot gear B/E, G
19970624 Eg 1971 2nm E. Chatham, MA M R Lobster offshore B/E S
19970718 Eg 1705 Bay of Fundy M R Gillnet UN
19970823 Eg 2212 11nm E Grand Manan, BOF M E Unknown UN
19970912 Eg 2027 20nm W. Digby, NS, BOF MH R Unknown UN F
19970919 Eg 2557 44 42.4 66 25.2 FB P Unknown UN
19980724 Eg 2212 2.5nm off Sesuit Hbr.,CCB, MA MT P Unknown B/E? F
19980912 Eg 2212 Provincetown Hbr, MA M R Lobster inshore B/E F, S
19980914 Eg 2212 2nm off Barnstable Hbr, CCB, MA M P Lobster inshore G F
19990510 Eg 2030 Cultivator Shoal F D Sink gillnet G F
19990519 Eg 1158 Great South Channel F R Lobster offshore B/E S
19990605 Eg 2753 12nm off Tiverton, NS,  BOF M R Unknown B/E S
19990721 Eg 2710 Bay of Fundy, CA M R Can. pot gear G F
20000208 Eg 2920 Cape Cod Bay B R Unknown UN
20000301 Eg 1130 (Zebra) Cape Cod Bay F P Unknown UN
20000323 Eg 1301 Cape Cod Bay UN R Unknown UN
20000327 Eg 1167 40 mi NE of Race Pt, GSC UN R Unknown B/E
DATE SPECIES ID Location at first observation Body Outcome Gear type Gear part F v. S
20000531 Eg 1720 80 m ENE Race Pt M R Unknown UN
20000709 Eg 2746 8nm E Grand Manan, BOF, CA MFB R Unknown UN
20000818 Eg 2223 20nm NW. of Brier I. NS., BOF MF R Unknown UN F
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20010608 Eg 1102 Great S. Channel, GB, MA MB P Unknown UN F
20010720 Eg 2427 E. side Jeffreys Ledge, GOM MH P Lobster offshore SS F, S
20011025 Eg 1238 Magdalen Islands, Canada MFT D Danish seine UN
20020212 Eg 1424 (Denali) 5 mi E of So. End of Amelia Is., FL MH E Unknown UN
20020407 Eg 3120 (Xerxes) Off Bald Head Island, Cape Fear, NC MHFT E Lobster inshore B/E F, S
20020706 Eg 3107 2.5 mi N of Briar Island, NS T D Lobster unknown B/E S
20020712 Eg 1427 (Polaris) 15 mi E of Atlantic City, NJ MH E Unknown UN F
20020804 Eg 2320 (Piper) 3nm W Boar's Head, Long Island, NS MH E Unknown UN
20020810 Eg 2040 Miramichi Bay, New Brunswick MBT R Unknown UN
20020822 Eg 1815 Roseway Basin HB U Unknown UN
20020830 Eg ? Bay of Fundy MH E Unknown UN
19860520Mn Tiara Unknown UN R Unknown UN
19860703Mn Slingshot Unknown UN R Unknown UN
19880903Mn Wrap GSC UN E Unknown UN

19970714 Mn ? 35nm S. Yarmouth, NS UN R Crab pot gear UN
19970803 Mn ? SW Stellwagen Bank, MA UN E Tuna gear UN
19980304 Mn ? Ocrecoke I., NC MF D Sink gillnet UN
19980515 Mn Entropy SW corner Stellwagen Bank, MA T R Sink gillnet B/E
19980527 Mn ? 14nm E Monomoy I. Cape Cod T R Lobster inshore B/E F, S
19980622 Mn Putter SE corner Stellwagen Bank, MA M E Sink gillnet UN F, S
19980710 Mn Springboard Off N end Stellwagen, MA T R Sink gillnet UN S
19980719 Mn ? Off Swallowtail, Grand Manan, CA FBT E Sink gillnet UN
19990324 Mn ? Cape Lookout, NC T R Sink gillnet UN
19990705 Mn Crevasse 20 nm SE Southwest Harbor, ME UN R Unknown UN
19990729 Mn ? Platts Bank, GOM M R Sink gillnet UN
19990823 Mn ? 5nm E of Mt. Desert Rock, ME MT R Lobster inshore B/E F, S
19990905 Mn flipper buoy Stellwagen Bank, MA F U Unknown UN F



DATE SPECIES ID Location at first observation Body Outcome Gear type Gear part F v. S
20000108 Mn ? VA / NC  border UN S Sink gillnet UN
20000411Mn Fourteen 3 nm SW Pamet Inlet, CCB, MA UN E Unknown UN

20000501 Mn Mauro Off Race Point, Provincetown, MA UN R Unknown UN
20000512 Mn Strega Southern Stellwagen Bank FB R Unknown UN
20000825 Mn ? Stellwagen Bank,  MA T R Unknown UN
20001121 Mn ? 1nm S. Cape Hatteras, NC T U Sink gillnet UN F
20010212 Mn ? 1nm S. Cape Hatteras, NC T S Sink gillnet, trout UN
20010409 Mn ? Virginia Beach,  VA UN D Sink gillnet UN
20010725 Mn Nile Stellwagen Bank, MA MFB R Unknown UN
20010815 Mn Drizzle 5nm NW Race Pt., CC, MA UN U Anchor system UN F, S
20010917 Mn ? 6nm NW Race Pt,  CC, MA B U Pot related B/E, G F, S
20020314 Mn ? 13 mi E of Block Island, RI MT R Lobster inshore B/E F, S
20020402 Mn ? 50 nm E of Provincetown T R Slime eel B/E F, S
20020531 Mn ? Narragansett Bay, RI T E Unknown UN
20020603 Mn ? B/W Ram and Eagle Islands, ME MHFT D Lobster inshore UN
20020617 Mn ? Sesuit Harbor, MA T U Unknown UN F
20020629 Mn Mauro 3 mi N of Race Point, Provincetown B E Unknown UN
20020809 Mn Touchdown Northeast Bank, Grand Manan Banks MB E Unknown UN
20020810 Mn ? 12 nm SSE Schoodic Peninsula, ME B E Unknown UN
20020909 Mn ? 17 nm S of Newport, RI H R Lobster inshore G F
20020928 Mn ? MA Bay, 5 nm SSE of Gloucester T R Unknown UN
20021120 Mn ? Indian River Inlet, Delaware H R Conch/whelk G F
Key:

Body = Body locations (M = mouth; H = head; F = flipper(s); B = body; T = tail; UN = unknown)
Outcome  = Whale’s determined outcome based on observation at the time of entanglement (D = dead; P = presumed dead; E = remains entangled; S = shed gear
at the time of entanglement; R = resighted free of gear; U = unknown)
Gear part = Part of gear entangling the whale; question marks indicate a possibility for that part of line (B/E = buoyline/endline; G = groundline; F = floatline;
SS = surface system; UN = unknown)
Float v. Sink  = floating versus sinking line (F = floating line; S = sinking line)
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