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I.

Introduction

There are more than one million vertical lines off the North American coast of the Atlantic
Ocean used by the lobster and crab fishing industry (Hayes et al., 2018). Pot/trap fishing gear,
specifically the vertical lines attached to traps, poses an ongoing danger to both mariners and
marine mammals, such as right whales.
In fact, entanglement in fishing gear is the leading cause of death for the critically
endangered North Atlantic right whale (NARW), Eubalaena glacialis. With an estimated
population of about 400 individuals and only 100 breedingage females, the species lies on the brink of extinction
(Pettis et al., 2020, NOAA, 2019a). Since June 2017, thirty The 400 right whales remaining
right whales have died, nearly twice as many as the in the Atlantic Ocean migrate
every year through more than 1
previous five years (NOAA, 2020).
million vertical lines off the
Since 1986, researchers and fisheries managers
North American coast.
have identified geographic areas “of special concern” with
regard to entanglements of right whales: the Gulf of Maine
(ME), the Georges Bank (MA), and the Great South Channel (MA), which are also home to the
American lobster and a robust commercial pot/trap fishery (Prescott and Best, 1986). In the past
five years, entanglement has also been an increasing concern in the Gulf of St. Lawrence,
Canada, related to their snow crab fishery (Daoust et al., 2017). Of the right whales remaining,
85 percent have been entangled at least once, and over 50 percent show signs of having been
entangled more than once (Knowlton et al., 2012; Pettis et al., 2020). These entanglements not
only lead to whale deaths but also decrease whales’ ability to produce calves, further endangering
the species (Sharp et al., 2019).
Despite the recognition of gear entanglements as
a
significant
threat to the endangered North Atlantic right
85% of all North Atlantic right
whales have been entangled at whale, efforts to modify gear, such as sinking ground lines
least once and over 50% have and weak links, have not eliminated this threat.(Myers et
been entangled more than once. al., 2019) The most effective way to reduce or eliminate
fisheries-related entanglements and mortality would be to
reduce lobster fishing in the same geographic areas as
marine animals, a principle known as “reduction of effort” (Smolowitz, 1978b). Any reduction in
the number of buoys, endlines, and traps would lead to a reduction in entanglements, gear loss,
and navigational hazards (Smolowitz, 1978a; Johnson, 2000; Macfadyen et al., 2009).
Introducing ropeless fishing gear is the natural solution: it would reduce vertical lines in
the water without reducing lobster fishing, particularly in the areas of concern. Ropeless fishing
gear is an innovative technology that removes the need for buoys and vertical lines in the water,
except during active retrieval. The gear combines regular pot/trap fishing with a sophisticated
acoustic release system that allows fishermen to retrieve their gear without the need of a vertical
line and buoy connecting the trap to the surface. More detailed descriptions of ropeless systems
are described in Section V.
The concept of ropeless gear for pot/trap fishing was first introduced in 1998 when the
National Marine Fisheries Service (NMFS) issued its first contract to develop an acoustic release
system (DeAlteris, 1999). Subsequently, ropeless fishing developed and multiple innovative and
viable systems were created. In fact, after more than 20 years of innovation and sustained
research, and thanks to both private and federal funding, many technological developments have
moved the market forward from what was merely a theoretical concept to a real solution to marine
mammal entanglements.
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However, commercial pot/trap fishing
operations utilizing ropeless gear currently exist
After 20 years of innovation and
only in New South Wales, Australia (Porter, 2018).
research, technological developments
There are no jurisdictions in the United States
have moved ropeless technology
where regulations have been changed to allow
forward from a theoretical concept to a
ropeless fishing gear, and little to no dedicated
real solution.
federal or state funds for testing and product
deployment. Only as of fall 2019 has the National
Oceanographic and Atmospheric Administration (NOAA), through the Bycatch Reduction
Engineering Program, funded the Sea Mammal Education Learning Technology Society and the
New England Aquarium to test ropeless gear and technology (NOAA, 2019b). In addition, the
U.S. Congress allocated $1 million in FY20 Appropriations for a pilot program to develop and test
fishing gear that is designed to reduce right whale entanglements, including ropeless (Division,
2020). With the population of North Atlantic right whales soon reaching a point of functional
extinction, serious fact-based discussions on options to transition to ropeless fishing practices are
urgently needed (Sharp et al., 2019). This report is intended to provide information that will help
facilitate such discussions.
Specifically, this report outlines technological advancements in the lobster industry, traces
the origins of acoustic release systems, and provides a detailed description of ropeless designs
and ropeless testing that have taken place over two decades. An analysis of success rates and a
detailed look at the individual costs of a transition to ropeless technology was developed by the
author and presented in Table 5 and Table 6. The cost
analysis can be used by stakeholders to begin an
With a right whale population soon evaluation of the economic feasibility of (and multiple
reaching a point of functional scenarios for) an industry transition to ropeless fishing
practices.
extinction, fact-based discussions
This report also details additional negative
on a transition to ropeless fishing
impacts caused by the use of vertical lines, such as the
practices are urgently needed.
cost of lost gear, “ghost fishing,” habitat damage, related
marine debris clean up, fishing area closures, and whale
extinction, all of which constitute the true cost of continuing to rely on vertical lines. Finally, the
report addresses concerns about ropeless technology and lays out considerations for
government, industry officials, and fishermen as they move toward ropeless fishing and a more
long-term and sustainable fishery.

II.

Abstract

Only approximately 400 North Atlantic right whales, Eubalaena glacialis, remain in
the Atlantic Ocean, including fewer than 100 breeding females (Pettis et al., 2020, NOAA,
2019a). The species is on the brink of extinction and entanglements in pot/trap fishing
gear are the leading cause of death. Research conducted in 2018 found that 85 percent
of known right whales have been entangled at least once in their lifetime (Knowlton et al.,
2012a; Moore, 2019). It is estimated that more than one million vertical fishing lines of
lobster and crab gear are found in Atlantic waters of the United States and Canada (Hayes
et al., 2018), presenting life-threatening challenges for right whales migrating along the
coast. Ropeless fishing gear is an innovative technology that removes vertical buoy lines
in the water, except during active retrieval, eliminating the threat of marine mammal
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entanglement at its source. The gear combines traditional pot/trap fishing configurations
with a sophisticated galvanic timed-release (GTR) or an on-demand acoustic release
system that allows fishermen to retrieve their gear without the need for a fixed buoy line
connecting the trap to the surface. After over 20 years of development, ropeless fishing
gear has become a promising solution for reducing vertical lines along the Atlantic Coast,
while promoting local lobster and crab fishing industries.
The author compiled all ropeless research projects conducted in the past 20 years;
over 30 ropeless studies have been conducted, ranging from concept building to at-sea
testing. Successful testing has occurred in California, Massachusetts, Australia, Canada,
and Scotland. An analysis of data from over 1,000 ropeless gear deployments found that
ropeless technology has a retrieval success rate of 98.4 percent. As of 2019, eight
underwater technology manufacturers have developed or are developing mature ropeless
products, and five products are available for purchase. These products vary in their use
of stowed ropes, spools, inflatable bags, and buoys. A cost analysis of four different
ropeless systems found that the GTR systems have a lower upfront cost than the acoustic
release systems but that the seasonal costs of both systems over 20 years are similar.
Current retrieval practices carry many economic and societal burdens beyond
endangering right whales, including gear loss, ghost fishing, marine debris cleanups,
closures, and safety hazards.
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III.

The Evolution of Lobster Fisheries

The American lobster fishery has undergone significant changes in the last 180 years,
driven by innovations in science and technology, the most important of which was the combustion
engine. The following is a review of the evolution of lobster fishing in the United States. The
creation of the first lobster pound at Vinalhaven, Maine, in 1875, opened retail and wholesale
opportunities both for fresh live lobster and for the canning industry, which was in full swing.
Lobster fishing techniques themselves have changed over time from the use of simple nets and
hand-catching onshore to the creel-style traps in the 1840s that used wooden buoys and hemp
rope.
In 1880, Maine lobstermen worked an average of fewer than 60 traps (Figure 1); today,
that number is well over 300, with 800 traps being the maximum number allowed by the Maine
Department of Marine Resources (DMR) (Cobb, 1899; Judd, 1988; Romanowsky, 2000; Staff,
2016). The last sixty years of lobstering has seen steady innovation, from the adoption of
improved electronics – Loran fish-finders, depth sounders, and transistor-based radar – to the
implementation of very high frequency (VHF) radios (Figure 1). This era also saw the introduction
of fiberglass boats that not only replaced traditional wooden boats used in the near-coastal fishery
but also increased in size and capacity as they were developed for offshore activities (Figure 1).
By the 1980s, much of the fleet had adopted fiberglass boats, and after 140 years, had
made the switch from wooden to wire traps, which required less annual maintenance. At this time,
the industry shifted to using a rigid buoy known as Polyform, which was invented in 1955 (Figure
1). Lobster fisheries also switched from hemp rope to stronger polypropylene rope, a move
designed to prevent the rope from breaking down over time.
In the pilothouse, the last 40 years have seen the invention and implementation of
chartplotters, autopilots, global positioning satellites (GPS), automatic identification system (AIS),
and vessel monitoring systems (VMS). Each generation brings new tools for better and safer
navigation. Figure 1 lists these industry advances and major milestones in the Atlantic lobster
fishery.
In addition to these developments, the U.S. lobster industry has an admirable track record
of adopting practices to ensure sustainability for the lobster population (such as “V-notching"), as
well as many practices to conserve right whales, including implementing gear marking
requirements, closures, and other entanglement mitigation measures (Figure 2). It is also
important to acknowledge that fishermen have borne many of the costs for these mitigation efforts.
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*

Figure 1. Timeline of major developments in the American lobster fishery 1840-2019
(Smolowitz, 1978c; Romanowsky, 2000; Oragano, 2012; Kimball, 2017)
*GPS (Global Position Satellites), AIS (Automatic Identification System), VMS (Vessel Monitoring
Systems).
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Figure 2. Conservation measures adopted by the fishing industry (Hayes, 2018)
*SMAS (Seasonal Management Area Scheme), DMAS (Dynamic Management Area Scheme)

IV.

The Need for Ropeless Fishing Gear

Over the past several decades, the confluence of the increased breaking strength of the
rope used for fishing, the displacement of lobsters further offshore due to warming waters, and
the number of pots set in North Atlantic right whale migration areas have created a “perfect storm”
for cetacean and human interaction. Additionally, stocks of lobster are described to be in record
abundance in the Atlantic States Marine Fisheries Commission’s (ASMFC) 2015 Stock
Assessment Report resulting in strong commercial engagement (ASMFC, 2015).
Today, entanglements in fishing gear are the leading cause of death for the critically
endangered North Atlantic right whale (States, 1983; NOAA, 2016; Laist, 2017; Moore, 2019;
Sharp et al., 2019). Moreover, entanglements are on the rise at a steady rate of 6.3 percent per
year (Hayes et al., 2018).
Most recent estimates indicate there are over 622,000 active vertical fishing lines for
pot/trap gear in U.S. waters, while Canada contributes nearly 400,000 additional vertical
lines (in both lobster and crab fisheries) in areas that co-occur within every seasonal North
Atlantic right whale habitat (Hayes et al., 2018). This represents approximately 62,000 miles of
vertical line in the water column – more than ten trips across the Atlantic Ocean and back –
dedicated to pot/trap fishing. Depending on how gear configurations are rigged, this poses a
substantial number of obstacles for mariners and marine mammals along the North Atlantic coast
(Smolowitz, 1978a; Johnson, 2000; Macfadyen et al., 2009; Hayes et al., 2018).
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A compilation provided by the Maine Lobstermen’s Association and a study by Maine DMR
together shows where fishing activities are concentrated inside Maine waters. The information
indicates that the concentration of fishing efforts is highest within 3 miles of shore, declines
beyond 3 miles of shore, and further declines beyond 12 miles. However, there are still a
substantial number of lines found in the areas beyond 12 miles of shore, where right whale
observations are relatively frequent. Seasonal trap distribution is different in state and nearshore
waters, with a peak in endlines during summer in state waters and a peak during fall for nearshore
and offshore waters (Tetreault and McCarron, 2012; Baumgartner et al., 2015).
Ten years ago, recognizing the threat of current fishing gear to whales, testing ropeless
gear in a closed area was agreed upon, but NOAA declined to move forward as they could not
adequately monitor the testing. Despite understanding the significant threats that endlines and
buoys present, virtually no progress toward eliminating this threat has been made since that
consensus (Pace et al., 2014; Moore, 2019). Current approaches by regulators to decrease
entanglements have been mostly limited to fishing area closures, use of weak links, weaker rope,
and sinking line programs, which should be credited for the removal of 27,000 miles of floating
line from the water column (MLA, 2018).
The most effective way to reduce or eliminate fisheries-related mortality and morbidity
would be to implement a “reduction of effort” by reducing fishing in the same geographic area as
marine animals. However, because such a reduction of effort is not a commercially viable option,
innovative approaches, such as ropeless gear, have become a necessity. Adaptation of ropeless
technology by the industry may have potential economic advantages, most notably that this gear
may be accessed during fishing closures triggered by whale migration.
In 1998, NMFS contracted with Professor Joseph DeAlteris to “design, develop and
evaluate, in consultation with the offshore lobster industry, a cost-effective, prototype acoustic
release system for the buoy endline of offshore lobster trap gear” (DeAlteris, 1999). Professor
DeAlteris’s final report to NMFS, in 1999, was a major development because it cleared the way
for federally funded research into ropeless fishing, currently being used, developed, and tested
worldwide in pot/trap fisheries (Lent, 2017; FAO, 2018; NOAA, 2018). This style of gear lends
itself well to reducing the number of endlines that can pose a threat to marine mammals such as
right whales and humpback whales (Johnson et al.,
2005; Knowlton et al., 2012). Additionally, the removal
of buoy lines and/or endlines from the water column Despite years of efforts to reduce
reduces the chances of accumulation of marine debris, entanglements, the status of right
which causes a multitude of negative effects on the whales has not improved.
ecosystem and risks the safety of fishermen.
Despite many efforts over the years to reduce entanglements, they remain the principal
cause of death for right whales. Tora Johnson, in her book, Entanglements: The Intertwined Fates
of Whales and Fishermen, stated:
In spite of the efforts of literally hundreds of people, several lawsuits, and
multiple incarnations of the Take Reduction Plan, the right whale is still
inching closer to the brink of extinction (Johnson, 2005).
Past research has demonstrated an undeniable benefit from the use of innovative ropeless
gear within pot/trap fisheries with the removal of endlines and buoy lines (Werner et al., 2015;
Lent, 2017; Baumgartner et al., 2018a; FAO, 2018). It is now up to present-day fishermen,
regulators, and scientists to make this a reality.
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V.

The Reality of Ropeless Fishing Gear

In the previous section, the need for ropeless fishing gear to protect right whales from
harmful entanglements was established. This section traces the origins of ropeless fishing,
demonstrates the availability of ropeless gear today, and describes available gear models.

Origins of Ropeless Fishing
The feasibility of ropeless fishing gear was grounded in the idea that marine retrieval
technologies used to recover scientific devices could be modified for use in fisheries
(Baumgartner et al., 2018a; Werner, 2015; Lent, 2017; Moore, 2018).
In the introduction to his report to NMFS in 1999, Professor DeAlteris noted,
Acoustic releases have been used for more than two decades in the
moorings of oceanographic instruments in the deep ocean. Typically, the
equipment includes an acoustically triggered subsea unit with a motoractuated release jaw that opens and releases a buoyed instrument package
from a bottom anchor and a vessel deck unit that is used to transmit coded
acoustic signal to the subsea unit. These units are commercially available,
off-the-shelf, from originally located manufacturers in both expensive deepocean models, and low-cost shallow water, continental shelf models
(DeAlteris, 1999).
These acoustic technologies have been available for use since 1998 and boast decades
of successful use in regular marine applications by commercial marine industries, and the military
since the late 1970s. The technology has been deployed regularly and used successfully for
research projects with sophisticated equipment and designs more complex than ropeless lobster
or crab fishing (DeAlteris, 1999).
Other developments followed the DeAlteris report in 1999. In 2001, José Rivera, Ed
Wyman, Shari Wyman, Andre Labonte, and Robin Labonte were awarded an honorable mention
in the Eubalaena Award Competition at the annual meeting of the North Atlantic Right Whale
Consortium for their design of a line storage device to prevent whale entanglements. Between
2002 and 2005, NMFS spent $2 million on workshops and studies to investigate methods that
could reduce the number of entanglements by modifying the gear and methods used to retrieve
pots and traps (Laist, 2017). Since then, the development of ropeless technology has continued.
Figure 3 demonstrates the historical origins of acoustic release technology and important
advancements and applications.
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Status quo for the entanglement risk of trap fishing.

Proposed buoyless alternative. Trap is acoustically
located, identified, and retrieved.

Figure 3. Historical origins of acoustic release technology (Moore, WHOI, 2019)

Options for Ropeless Fishing Systems
As of November 2019, there are eight leading ropeless retrieval systems, of which
five are available for purchase online. With
decades of research and field-testing,
ropeless fishing is a viable option that should Ropeless fishing is a viable solution for the
be given serious consideration as a potential prevention of marine mammal entanglements,
solution in the prevention of marine mammal the most pressing of which is the critically
entanglements, the most pressing being the endangered North Atlantic right whale.
critically endangered North Atlantic right
whale
Six of the eight currently available devices require the use of a rope for retrieval that is
contained and stored at depth by a rope management system. The two other devices do not use
line, but instead, utilize the inflation of either a lift bag or inflatable buoy to pull a lead trap to the
surface. The styles of line management vary with device design that includes square, rectangular,
domed, circular, and conical cages, oyster mesh bags, canisters, and spools. These have been
successfully used in trials and testing in a variety of active fishing operations in California,
Massachusetts, Australia, Canada, and Scotland.
An overview of each product’s gear type, working method, and development status is
presented in Table 1. The optimal system will differ according to individual fisherman’s preference,
and different systems will work better in certain areas based on local conditions. Each system is
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described in detail in Figures 4-11. Other ropeless designs, such as the WHOI Spool, were not
included in the data set for this research.

Manufacturer

Gear type

Status

Field-tested

Web site

Fiomarine

Spool Design

Mature design
20+ yr. product

Yes

http://fiomarine.com

Desert Star
Systems

Rope Release
Bag

Mature design
20+ yr. product

Yes

http://www.desertstar.com

EdgeTech

Cage System

Mature design
– 1965

Yes

https://www.edgetech.com

Lobster Lift

Inflatable
Buoy

Solid Prototype

No

https://www.lobsterlift.com

Longsoaker
Fishing
Systems Inc.

Net encased
GTR system

In production

Yes

https://longsoaker.com

SMELTS

Inflatable Lift
Bag

Solid Prototype

Yes

https://www.smelts.org

Ashored

Cage Design

Solid Prototype

Yes

https://ashored.ca

Neptune
Marine
Products

GTR* only

Mature design

Yes

http://neptunemarineprodu
cts.com

Table 1. Summary of current ropeless systems available
*Galvanic Timed Release (GTR) is an existing technology that is an alternative to acoustic release
and used as part of a ropeless system. While it is less precise than acoustic for both location and
release, it is less expensive and currently available for usage within the fishery.
For additional information, visit https://ropeless.org/.
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Spool Design (Fiobuoy®)
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

Fiomarine
Fiobuoy
Spool device
Yes
Yes
http://fiomarine.com
Spool design

The Fiobuoy® is an integrated smart buoy system comprised of a spool of rope, acoustic
modem, floatation, and release mechanism affixed to a subsea object (Figure 4). Each unit has a
unique identification code to allow security to the fleet and provide an integrated system
management capability for enhanced fisheries operations and oversight. The code management
capability can be configured to allow only the buoy to operate in areas open for fishing. If there
were an attempt to launch the system within a closed zone, the release jaws would not close on
the surface. This system capability prevents the deployment of the system when configured for
this functionality. The Fiobuoy mechanical release is activated upon receiving an acoustic
command from the surface vessel, a master code for enforcement personnel is also designed into
the system. There are also two failsafe release backups in the Fiobuoy; a time/date trigger and a
low battery trigger. Once the mechanical jaws are released, the Fiobuoy floats to the surface as
the line unspools. Recovery operations remain the same as traditionally marked surface float fixed
gear traps. This configuration removes the surface float and the vertical line in the water column
until a release is triggered.

Figure 4. Fiobuoy © 2019 Annika Toth
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Desert Star ARC-1 with Rope Release Bag
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

Desert Star Systems
Desert Star ARC-1
Rope Release Bag
Yes
Yes
http://www.desertstar.com
Release Bag

The Desert Star ARC-1 is a modular acoustic release system produced by Desert Star
Systems that can be paired with any rope management systems (Figure 5). As seen in Figure 5,
the buoys and rope are contained in a mesh bag with an acoustically triggered release mechanism
attached to the side, which is placed with the rest of a fisherman’s regular gear. The release
mechanism is a small magnesium wire that disintegrates when it receives an acoustic command.
Once released, the buoys and line ascend out of the bag and are available for retrieval at the
surface. The gear is then hauled as normal, and the line is repacked for another deployment. The
rope storage method can and has been customized to fishermen’s needs according to their
geographic regions. This release system has existed and been in use by fishermen in New South
Wales (Australia) for many years and is available for purchase on Desert Star Systems’ website.

Figure 5. ARC-1 with Rope Release Bag © 2019 Annika Toth
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Cage System (EdgeTech 5112)
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

EdgeTech
EdgeTech 5112
Cage System
Yes
Yes
https://www.edgetech.com
Cage System

The EdgeTech 5112 system is an acoustic command and control system developed by
EdgeTech. The system consists of a modified lobster trap, which comes in a variety of sizes and
rugged acoustic release (Figure 6). The release cage has two sections and a top cover with
flotation. One section holds up to 650 feet of ⅜ line, and the other section contains the acoustic
release. The top cover includes the floatation that detaches and floats to surface when the
acoustic release is actuated. It is deployed like any other lobster trap but without the need for
surface rope and buoy. The unit can be deployed in water depths down to 500 meters and handle
a load of 500 pounds (release load 250 pounds) while enduring underwater for up to one year
(two years on lithium batteries). The acoustic release is constructed of nickel aluminum bronze
alloy that protects against corrosion. When communicating with one of the 5112 deck boxes, the
system will provide shipboard operators information such as battery life status, tilt information,
and release information and confirmation. This system was designed from the ground up with the
input of lobster fishermen and is available for purchase on EdgeTech’s website.

Figure 6. EdgeTech 5112 © 2019 Annika Toth
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Lift Buoy (Lobster Lift)
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

Lobster Lift
LobsterLift
Inflatable Buoy
Yes
No – solid prototype
https://www.lobsterlift.com
N/A

LobsterLift is a lineless, self-surfacing modular lobster trap retrieval system. Traps utilizing
LobsterLift technology sit on the seafloor and are raised when needed, either through acoustic
signal or through GTR (Figure 7). To retrieve a trawl, a fisherman sends an acoustic signal from
the boat to a module attached to the trawl. Alternatively, the unit can be fitted with a GTR, which
would allow the release of nitrogen from a tank to inflate an attached buoy. The buoy increases
in size until it can float the trap to just below the surface (4-8 ft. below the waterline). The buoy is
then hauled, the traps are retrieved, removed of their catch, and re-baited. This method uses no
vertical endline but does use rope between traps and would require slight modification to work
with GTR to protect catch, animals, and gear.

Figure 7. Lobster Lift © 2019 Annika Toth
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Net Encased GTR System (Longsoaker)
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

Longsoaker Fishing Systems Inc.
Longsoaker
Net encased GTR System
Yes
Yes
https://longsoaker.com
Longsoaker

The Longsoaker gear consists of a GTR device, which, once dissolved, allows the release
of a coiled line and buoy from the top of a standard pot or trap. A standard buoy is used and is
submerged for most of the soak time (Figure 8). It is not visible on the surface until the selected
galvanic release dissolves and releases the buoy and line. Retrieval time is the same as with
regular gear, as long as the regular operational line was coiled and stored in a reasonably orderly
manner. Line coilers with industry-standard hard-lay lines are recommended. Most fishermen will
be able to use their existing buoy lines and deck gear. This gear can be easily modified to meet
specific fishing requirements for different locations and regulations. When not in use, the retrofit
is out of the way and does not require de-rigging, removal, or storage.

Figure 8. Longsoaker © 2019 Annika Toth
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Inflatable Lift Bag (Lobster Raft)
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

SMELTS
Lobster Raft
Inflatable Lift Bag
Yes
No – solid prototype
https://www.smelts.org
Lobster Raft

The non-profit Sea Mammal Education Learning Technology Society (SMELTS), located
in Washington State, has developed a lift bag retrieval system that is operated remotely using a
WHOI acoustic modem. The SMELTS lift bag does not employ any vertical line; instead, an
acoustic modem, release electronics, and a compressed air cylinder are contained within a
standard lobster trap (Figure 9). When the release system receives an acoustic signal, the
compressed air cylinder fills the lift bag on top of the trap with air to bring the trap and groundline
(which attaches the lift trap to the rest of the trawl) to the surface. Depending on the depth fished
and the volume of the air cylinder, SMELTS estimates that the system can deploy six to 50 times
without replacing the air cylinder. The SMELTS lift bag system has gone through engineering
trials in Cape Cod Bay and Stellwagen Bank and will be used in commercial fishing tests in
Massachusetts and the southern Gulf of St. Lawrence during 2019 (Myers et al., 2019).

Figure 9. Lobster Raft © 2019 Annika Toth

Page 19

Cage Design (MOBI)
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

Ashored
MOBI
Cage Design
Yes
No – solid prototype
https://ashored.ca
Cage Design MOBI

MOBI by Ashored is an electronically activated underwater release system that consists
of a conical cage that stores line as well as a buoy, anchored on the seafloor until activation
(Figure 10). The release mechanism consists of a t-bar connected to a drive shaft allowing for
circular motion. This t-bar is coupled with a lid plate that has a specific slot to slip over the t-bar
for arming. The t-bar then spins 90 degrees over the lid plate to complete arming and holds the
lid in place until released. The release is initiated either by a remotely transmitted acoustic signal
or from the internal time-clock backup. The t-bar spins another 90 degrees in the same direction
and realigns with the slot in the lid plate, enabling separation/release of the instrument. Ashored’s
MOBI could be relatively easily adapted to work with a GTR and used as a rope management
system. The rope cages feature a stackable design to mitigate deck space consumption and
arrives at the surface with the buoy for simultaneous respooling as the buoy line is hauled aboard.

Figure 10. MOBI devise © 2019 Annika Toth
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Galvanic Timed-Release Device
Manufacturer:
Product Name:
Gear Type:
Field Tested:
Available for Purchase:
Website:
Video Demonstration:

Neptune Marine Products
Galvanic Timed Release (GTR) Models D-3 and D-4
GTR
Yes
Yes
http://neptunemarineproducts.com
N/A

Galvanic Timed-Releases (GTR) are a low-cost option in widespread use in the marine
industry and in the trap fisheries in New Zealand and Australia (Figure 11) (Salvador et al., 2006).
They are not currently commonly used by commercial pot/trap fisheries on the East Coast or the
Gulf of Maine. A GTR device uses two dissimilar metals that corrode at a predictable rate. The
corrosion releases the link, which then allows a float and line to rise to the surface for recovery.
GTR’s must be used in saltwater. Their corrosion rate depends on the water’s salinity and
temperature at the depth being used.
GTR releases offer approximate release timing, which varies with water temperature,
salinity, current speed, and fouling. Thus, GTR-equipped ropeless systems will still leave the rope
in the water column some percentage of the time. Periods of rough weather when fishermen may
not be able to service his trawls will likely mean lines will remain in the water column unattended
for an undetermined period of time.
Note: Both manufacturer and reseller stated that the product pricing is inflated for this
review (to accommodate for 20-year inflation by this researcher) and that the price for units would
surely drop with large orders. This would greatly benefit large fisheries such as those in New
England.

Figure 11. Galvanic Timed-Release models D-3
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VI.

Testing of Ropeless Fishing Gear

In 1998, the U.S. National Marine Fisheries Service (NMFS) issued a federally funded
contract to “design, develop, and evaluate…a
cost-effective prototype acoustic release system
for the buoy endline of offshore lobster trap gear.” In the past 20 years, more than 30
Since this first initiative, a considerable amount research projects have tested ropeless
of testing of ropeless retrieval systems has taken concepts and ropeless retrieval systems,
place. A comprehensive overview of all the with more planned and ongoing.
research to date indicates a total of 32 ropeless
technology projects. Overall, this testing has
served to drive the evolution from a technical concept to a working prototype to an operational
system and finally to an established product with commercial viability.

Testing of Ropeless Concepts
Since 1998, at least 11 research projects that funded conceptualization of ropeless gear
were developed in the U.S. Six of these were based on acoustic release technology, the
innovation at the heart of many ropeless retrieval systems. Table 2 outlines the full scope of
conceptual research over the last twenty years in the U.S., which led to the creation of fully
operational ropeless systems. The table describes the gear style, sample size (when available),
location, funding source, and type of project. The types of projects are very diverse, including the
creation of a ropeless prototype, lab testing of ropeless gear, demonstrations of gear, and using
gear for fishing (Table 2).

Testing and Use of Ropeless Systems
Results and ideas generated from the conceptual projects detailed above led to the
development of full-blown operational systems available for further testing and daily use. These
tests have produced iterative improvements to gear and brought several systems to commercial
viability (see Section V for more details). Equally important, testing has generated helpful data on
how well ropeless systems work. Table 3 gives an overview of 21 testing projects (or
demonstrated use) of ropeless retrieval systems, several in “at-sea” conditions. For these tests,
testers deployed the gear, virtually marked its location, virtually relocated it, and then
retrieved it. It describes gear style, sample size, type of testing, and location of testing for each
project. Tests of ropeless gear have been conducted all around the world, including in Australia,
Canada, New South Wales, Scotland, and Massachusetts.
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Year

Project
author and
citation

Type of
project

1999

(DeAlteris,
1999)

Prototype and
Testing

1999

(Turner et al.,
1999)

Concept, Built,
and Lab
Tested

Sample
size (n)

Gear style and
name

Funding
source

RI

10

Acoustic
releases
(Benthos 875,
EdgeTech AMD)

NOAA

NH

N/A

Acoustic release
Buoyless
Lobster Trap

NH Sea
Grant

NOAA

Location

2013

(Partan and
Ball, 2016)

Research and
concept

MA

N/A

ORE
(EdgeTech) line
canister, Desert
Star, FioBuoy,
WHOI concept

2007

(Allen and
DeAlteris,
2007)

Prototype and
Test

RI

129

Acoustic

NFWF

Before
2010

NOTUS
(ALWTRT,
2010)

Built

NJ

NA

Notus Acoustic
Release

NMFS

2012

(PFC, 2012)

Test and used
for Fishing

ME

386

GPS and
Grapple (not
recommended)

NMFS

2012

Gwinn
Grapple

Test and used
for Fishing

MD

30

GPS and
Grapple (not
recommended)

NMFS

2014

(Hopkins et
al., 2014)

Concept, Built,
and Lab
Tested

NH

UNK

Acoustic release

NH Sea
Grant

2015

(Basque et
al., 2015)

Concept, Built,
and Lab
Tested

NH

N/A

Acoustic release
buoyless trap

NH Sea
Grant

2018

(Biedron,
2018)

Trial

MA

N/A

Desert Star

IFAW

2018

(Shester,
2018)

Demonstration

CA

8

FioBuoy, Desert
Star

Oceana

Table 2. Research on ropeless concepts in the United States since 1998
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Year
1996-2019
2000-2019

Project author and citation
FioBuoy, FioMarine (pers.
comm.)
Multiple Customers (pers.
comm. Ridd et al. multiple
dates & McCrindell)

1999

(DeAlteris, 1999)

2005

(Hopkins and Hoggard,
2005)

2007

(Allen and DeAlteris, 2007)

2011

FRDC, (Liggins, 2012)

2019

CWLA, (Terhune et al.,
2018)
Acadian Crabbers Assn
(DFO, 2018; Gies, 2018)
(CWLA, 2019)

2011

(Porter, 2018) for MLA

2018
2018

2018
2018
2019
2019
2019
2019
2016-2019
2017-2019
2018-2019
2018-2019
2019-2020

SMELTS & NOAA
(Milliken, 2018; Riels, 2018)
WHOI/NOAA(Milliken, 2018;
Ball, et al., 2018)

Type of
testing

Location

Sample
size (n)

Gear style and
name

Internal Test

AUS

206

FioBuoy

Active Use

AUS

N/A

FioBuoy Line
spool, timer or
acoustic release

RI

50

Acoustic release

MS

N/A

Subsea Sonics
AR 50

RI

129

Acoustic

NSW
AUS

>100

CAN

94

CAN

UNK

CAN

ongoing
active
use

Prototype
Test
Prototype
Test
Prototype
Test
Test used
for fishing
Used for
fishing
Used for
fishing
Tested
Used for
fishing

NSW

Acoustic release
line storage bag
Desert Star
ARC-1
Desert Star
ARC-1
Ashored MOBI
Desert Star

Test

MA

50

SMELTS

Test

MA

50

WHOI Spool

Acadian Crabbers Assn
(DFO, 2018)

Used for
fishing

CAN

ongoing

Lobster Lift (C. McCarthy
pers. comm.)
EdgeTech/NOAA (E.
Matzen pers. comm.)
SMELTS/ NOAA (pers.
comm.)
(Partan and Ball, 2016,
2018; Ball et al., 2018)

Internal
Test
Used for
fishing
Used for
fishing

MA

>50

MA

>12

MA

>12

Test

NE AL

42
proposed

SMELTS
Lobster Raft
Line spool,
acoustic release

SMELTS (Riels, 2018)

Internal Test

PNW, NE
AL

608

SMELTS

Internal Test

CAN

>100

Ashored MOBI

Internal Test

MA

>100

EdgeTech 5112

Test, Used
for fishing

Scotland,
UK

>100

Desert Star
ARC-1 Fiobuoy

Ashored (M. Poole, pers.
comm.0029
EdgeTech (R. Morris, pers.
comm.)
(Sawicki, results not yet
published)

Table 3. Testing of ropeless gear systems from 1996 – January 2020
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Ashored MOBI
Edgetech5112
SMELTS
Lobster Lift
Prototype
EdgeTech 5112

Qualitative Data from Recent Testing of Ropeless Systems
Recent tests also captured qualitative data from individuals who had hands-on experience
with deploying, using, and testing ropeless gear. The following statements are offered as a sample
of the feedback received. Overall, the qualitative data affirmed technical success and identified
ongoing challenges:
●

“I was really impressed…A few wee tweaks, I think it would be ready to go really. There’s
all these little subtleties, but once you get the hang of it, there’s not much to it (Sawicki,
2020).

●

“We’ve seen six bits of gear, mostly buoys, on the shore right here; I’d argue if it was
ropeless, there wouldn’t be any” (Sawicki, 2020).

●

“The obvious advantage is removing the whole entanglement issue, but also for us, we lose
quite a lot of gear here, to either other fishermen or boats, and we get our gear dragged
about quite a bit by the weather, so if the buoys are deep enough, those things aren’t issues
at all. Sometimes, with big swell, the buoys will pick up the last creel, and it walks up the
fleet and picks up the next creel, so you end up with this ball of creels, picking up the next
as they go. If you had ropeless gear, that wouldn’t be an issue” (Sawicki, 2020).

●

“Even the thought of no buoys on the surface takes time to get used to. In the beginning, it
took time to get used to the system. All three captains said that they thought that they
could make it work. There is a lot of improvement to be done on the rope bag to improve
success to 100 percent and find a way to make buoys stay on the surface longer” (Harris,
2019).

●

“Ropeless gear takes more time to pull because of interrogation, looking for buoys, and
packing rope bags. Other aspects are easier, like no lines floating on the water when pulling
your trawl. It’s all in the bag on the other end. When you’re done pulling your trawl, your bag
comes in and is ready to go. No pulling in buoy lines or maneuvering around them. You
would also assume that it is there because nobody should have tampered with it; surface
buoys commonly go missing from gear entanglement and boat snags, etc.” (Harris,
2019).

●

“The Australian Hydrographic Service has been using Fiobuoys since 2000. We have found
them to be an extremely reliable and valuable product and for retrieving our underwater
equipment and have been very happy with their performance” (McCrindell, 2019).

●

“The field trials demonstrated that acoustic releases show promise for future
implementation in the fishery but highlighted current weaknesses in design types such as
release failures and time-consuming trap resetting procedures. The Working Group plans
to continue their field testing in 2019” (Lebon and Kelly, 2019).

●

“There was general agreement that there are promise and value in further exploring
ropeless fishing gear in the West Coast Dungeness crab fishery, as part of a broader
strategy to reduce whale entanglements” (Shester, 2018).

●

“This buoyless lobster gear test was an early stage of an integrative, incremental approach
to adoption of buoyless lobster gear as a solution to North Atlantic right whale entanglement
in vertical lobster lines in the water column. By the end of the week, Dave stated that he was
confident that the buoyless gear would work and that the malfunctions of the release
system could be overcome, especially once used during commercial fishing for several
weeks” (Biedron, 2018).
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●

“Scott and his crew were very skilled at fishing the system, particularly in matching each
pot to the computer so that it was properly recorded and could be relocated, and the
setting of the burn wire in the acoustic release system” (Porter, 2018).

●

“Desert Star and EdgeTech ropeless fishing gear are being tested in the Gulf of St.
Lawrence by the Acadian Crabbers Association, said the group’s director-general, Robert
Haché. Ropeless technology ‘is not pie in the sky. It’s ready and easily adaptable to our
fishery,’ he said. Whether it’s affordable is another question” (Gies, 2018).

●

“I am pleased to report that our ten Fiobuoys have been completely reliable and costeffective instruments for removing the need for a surface buoy. We have been very happy
with their performance” (Ridd, 2014).

●

“The two commercial fishermen who were involved in these experiments…were so
impressed with the performance of the acoustic system and its potential advantages for their
businesses that they have made substantial investments in the technology. Both have since
successfully used the system for commercial fishing in its "portable" configuration”
(Liggins, 2012).

Current and Future Testing of Ropeless Systems
Numerous unanswered questions from management and industry partners remain about
functionality, implementation, and cost (NOAA, 2018). Valid concerns expressed by experienced
fishermen have not been resolved due to limited testing, funding, and reporting. It is imperative
that tests and demonstrations of these systems are completed in a supported, immersive, and
timely fashion.
In addition, priority needs to be given to designing more thoughtful experimental trials that
allow the technology and functionality (and not perceptions of cost) to be reviewed. This
perception of cost seems to have led to a significantly negative bias on surveys and study results,
as well as on the effort of individuals during field trials (How et al., 2015; Higgins, 2018;
Pappalardo, 2018; Shester, 2018; Waterman, 2018; Donahue, 2019; McCarron, 2019).
With much effort from the Atlantic Large Whale Take Reduction Team (ALWTRT), a matrix
of ropeless technology updates was published in 2018 to determine where future research efforts
would be best focused (NOAA, 2018). These findings originated in 2015 from NMFS’s request to
the ALWTRT to “identify and prioritize research needs related to reducing risks associated with
vertical lines and groundlines” (NMFS, 2015).
Similarly, NOAA/NMFS’s Summary of Gear Modifications and Recommendations for
Research Aimed at Reducing Risks Associated with Vertical Lines and Groundlines, published in
2015, supported the continued development of acoustic on-demand ropeless systems. This
report rated ropeless technology as having the least possible risk of entanglement on a
scale of 1-10, with four ropeless technologies receiving high research interest at that time (NMFS,
2015; GARFO, 2018; NOAA, 2018).
The charge to continue testing has also been echoed by the Marine Mammal Commission
(MMC). In a 2017 letter, Dr. Rebecca Lent, (then Executive Director of the MMC), stated to
Samuel Rauch III, (then Acting Assistant Administrator of Fisheries of NMFS),
“The Commission recommends that NMFS (1) identify and evaluate deep-sea
fisheries and fishing areas where techniques to eliminate the need for buoy lines
could be used or further developed, including… deploying on-call buoy systems, (2)
collect data on costs and earnings in these fisheries in order to better assess the
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economic viability of ropeless fishing techniques, and 3) based on the results of those
efforts, develop regulations to phase-in the use of such techniques or systems in
fisheries and fishing areas where it is deemed practical” (Lent, 2017).
As ropeless technology is refined, expanded testing and demonstrations are necessary.
Gear demonstrations, while not statistically significant, allow the public and stakeholders to have
first-hand experience with gear, which can foster continued collaboration among fishermen,
researchers, and gear manufacturers. Looking forward, here is a table of the current and future
important ropeless testing planned around the world (Table 4).

Location

Project leader

Number of
manufacturers

Field tests

Massachusetts

NOAA Northeast Gear Testing Group

4

Ongoing

New England

WHOI through Bycatch Reduction
Engineering Program (BREP) grant

1

Ongoing

Canada

Acadian Crabbers Association, Cold
Water Lobstermen’s Association, and
Grand Manan Fishermen’s
Association

3

Ongoing

UK and EU

Marine Mammal Entanglement
Consortiums

4

Ongoing

Georgia

Phillips Seafood

5

Ongoing

California

Dungeness Crab Fishing Gear
Testing Group

4

Future – planned
for fall 2020

New England

SMELTS though BREP grant

1

Summer 2020

Table 4. Current and future testing of ropeless gear
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VII.

Ropeless Fishing Gear: A Snapshot of Success

A review of more than 1,000 individual gear deployments indicates that ropeless retrieval
systems are extremely reliable and successful.
In 2018, eight underwater technology
manufacturers
listed in Table 1 began an informal
Results show a 98.4 percent success
collaboration
and agreed to share system
rate for ropeless technology overall.
performance data on a protected basis with the
author. Due to the sensitive and proprietary nature of
deployment data and device design, non-disclosure agreements are in place between these gear
developers and the author. The author recognizes that this data has not been peer-reviewed but
it has been approved to be shared in a scrubbed format directly from the manufacturers. This
group will consider any requests for the data and analysis.
As a result of this collaboration, in July 2019, data from more than 1,079 quantifiable
individual active gear deployments were combined into a single data set and analyzed using
a standardized data form (See Appendix 1). A power analysis using GPower 3.1 (effect size .24)
was completed by the author to calculate a sample size (n) greater than 44 (n>44) to achieve
statistically significant results (Faul et al., 2007). Results for short demonstrations and small trials
were not included in this data set for that reason (Faul et al., 2007). All the data requested by the
author to conduct this analysis was provided by the manufacturers and includes data on
deployments with military partners and in-house testing.
Results of actively deployed and operational commercial gear, as well as in-house gear
development and testing, showed a 98.4 percent success rate for ropeless technology overall.
To be considered a successful deployment, the gear had to be deployed in the ocean,
virtually marked, virtually relocated, and completely retrieved.
This analysis included errors/failures from owner-operators in order to simulate the activity
of a seasoned fisherman fishing ropeless gear after a full season of use (Smolowitz, 1978a;
Baumgartner et al., 2018b; Goodman, 2018; Riels, 2018 and extensive communications between
six of the ropeless gear manufacturers). It did not include errors/failures from students,
demonstration participants, fishermen who were arming the gear by themselves without
supervision for the first time, or groups who elected to “design” their own rope storage devices.

VIII.

Cost Analysis of Ropeless Fishing Gear

Any serious discussion of a fishing industry transition to ropeless must include the
projected costs and the perception of those costs, which are widely believed to be prohibitive.
The goal of this section is to provide a draft framework for how to realistically estimate the cost
for an individual lobster fisherman to transition completely to ropeless gear and to
demonstrate the actual estimated costs over time.
The author has developed an analytical tool to allow comparisons of the projected costs of
acquiring and operating over time two ropeless gear styles: a GTR rope management system
(Table 5), and an acoustic rope management system (Table 6). This tool could be used by
stakeholders to evaluate the economic feasibility of (and multiple scenarios for) an industry
transition to ropeless fishing. It should be noted that some of these costs are incurred every
season, while others are on a much longer cycle. This framework uses Maine’s well-documented
lobster fishery as an example in building a profile of a representative lobster fisherman, which
includes the following assumptions (PFC, 2012; Tetreault and McCarron, 2012; Tetreault and
McClellan, 2014; Summers et al., 2018):
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❏
❏
❏
❏
❏
❏
❏
❏

Maximum trap allowance per license holder: 800
Traps per trawl: 15
Number of trawls: 54 (800 divided by 15), with two endlines per trawl
Number of endlines: 108 (54 x 2)
Fishing season: 150 days “on”
Soak time: 4 days
Services per season: 38 (150 days divided by 4 soak days)
Deployments per season: 4,104 (108 endlines serviced 38 times per season) for a
fisherman’s entire gear-set.
❏ A “service” entails replacing the release device, reloading the spool, repacking the cage,
or refilling the bottle, and deflating the buoy or bag.
The following model assumes that fishermen are putting a rope release mechanism on
both ends of each trawl. Four different ropeless systems are used in the following calculations
and tables, as referenced. They are identified generically (System A, B, C, D) to avoid identifying
the manufacturer of each system. The projected cost for each of them was calculated for both the
galvanic time release (GTR) model (Table 5) and
the acoustic release device (Table 6). The
While GTR systems have a lower upfront
systems from Tables 5 and 6 are the same but
cost than acoustic systems, the seasonal
adjusted to either GTR or acoustic release.
costs over 20 years of both systems are
This model considers that an average similar. All costs will likely decrease over
lobsterman has 15 trap-trawls in use for 150 time as market demand increases.
days per calendar year, with 4-day soak times,
in operational currents of less than 1.3 knots for
GTR and no more than five knots for acoustic. The following tables calculate the total projected
cost for a lobster fisherman to switch their 108 endlines to ropeless. The GTR rope management
system and the acoustic rope management system both include the cost of tracking software.
Only systems A and B are currently available on the market. The upfront cost is the total cost of
the rope management system plus the cost of GTRs per season and the cost of any additional
items, such as the cost of bag assembly.
While some systems detailed below bear significant upfront financial costs to the user,
others, such as Systems B and D, carry more moderate costs that over 20 years will likely be
commensurate with existing gear and seasonal maintenance expenditures. The GTR systems
have a clear lower upfront cost than the acoustic systems, but the majority of the seasonal costs
over 20 years for both systems are similar (Table 5 and Table 6). These values will likely decrease
over time as market demand increases.
As evident in Tables 5 and 6, each system has its own benefits and variabilities. In addition
to upfront costs, parts of the gear need to be replaced with time, specifically the ropes, batteries,
and rope storage devices. This additional cost over time is higher for the GTR systems since
fewer parts of the acoustic systems need to be replaced over time. Also, in comparing the two
systems, acoustic systems have a higher resistance to strong currents and allow lobstermen to
have a real-time location of their gear, which often moves around due to strong waves or currents.
The overall benefits of acoustic systems – that it is on call and on demand – make it more
applicable to unpredictable weather and ocean conditions that might inhibit gear hauling. Tables
5 and 6 offer summaries of the original cost analysis conducted by the author and do not include
all calculations. Full cost analysis tables are available upon request.
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GTR rope
management
system

Cost of
GTRs* per
season

Bag
assembly
cost
($20/hr)

Cost rope
management
incl labor

Total
upfront cost
year one

Number of
replacement
in 10 years

Total
cost**
over 10
years

Number of
replacement in
20 years

Total cost**
over 20
years

Seasonal
cost over
20 years***

Max
current
speed
(knots)

System A

$8,400

N/A

$129,600

$138,000

0

$213,600

0

$297,600

$14,880

1-1.3

System B

$8,400

$1,080

$9,936

$18,336

3

$113,808

6

$217,248

$10,862

1-1.3

System C

$8,400

N/A

$26,460

$34,860

3

$110,460

3

$326,760

$16,338

1-1.3

System D

$8,400

N/A

$40,824

$49,224

1

$124,824

0

$249,648

$12,482

1-1.3

Table 5. Seasonal and twenty-year cost for ropeless systems using GTR system
*GTR cost per unit: $2.00 with shipping and handling (Ed Wyman, pers. comm. April 4, 2019). Note: both manufacturer and reseller stated that the product
pricing is inflated for this review (to accommodate for 20-year inflation by this researcher) and that the price for units would drop with large orders.
**Total Costs include cost of GTR for 20 years, replacement of rope management system, and labor.
***Seasonal Cost over 20 years represents the total cost of each ropeless system for 20 years divided by 20 to provide an average seasonal/annual
value.
Acoustic
rope
management
system

Bag
assembly
cost
($20/hr)

Cost of
the
acoustic
module

Cost rope
management

Total
upfront cost
year one

Number of
replacement
in 10 years

Total cost*
over 10
years

Number of
replacement
in 20 years

Total cost*
over 20
years

Seasonal
cost over
20 years

Max
current
speed
(knots)

System A

N/A

$607,716

$129,600

$737,316

0

$737,316

0

$737,316

$36,866

5

System B

$1,080

$81,000

$9,936

$90,936

3

$110,808

6 bags and 1
modem

$221,616

$11,081

3

System C

N/A

$27,540

$26,460

$54,000

3

$162,000

6

$324,000

$16,200

Unknown

System D

N/A

$108,000

$40,824

$148,824

0

$148,824

1

$297,648

$14,882

Unknown

Table 6. Seasonal and twenty-year cost for ropeless systems using acoustic rope management system
*Total Costs include cost of acoustic release system, acoustic module, and replacement of rope management system.
Table 5 and 6 are summaries of original cost analysis. The original cost analysis tables are available upon request.
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IX.

Current Retrieval Practices: The True Cost of Inaction

It is easy to see that an industry-wide transition to ropeless technologies and practices
would involve substantial direct costs, which are detailed in the previous section of this report.
What is less understood, but equally important, is the fact that current fishing methods also
involve high costs and risks.
This section describes the many ways that the use of vertical line and current retrieval
practices impose costs. These include costs related to gear loss, “ghost” fishing, marine debris
clean up, fishing area closures, navigation, and safety hazards. Taken together, these costs run
to hundreds of millions of dollars; they are shared by fishermen, industry, state governments,
and every taxpayer. These issues and cost estimates are offered here to describe the true
costs of inaction and to better inform future choices about fisheries practices.
Furthermore, there are significant government expenditures directed toward right
whales. In 2006, the MMC published a report indicating total spending of $45.6 million by all
U.S. agencies and groups involved in implementing the right whale recovery program during
three fiscal years, 2003-2006. Of that amount, 95.5 percent came from federal agencies,
primarily NMFS, who was the most significant single source of funding ($35.3 million) (Reeves
et al., 2007). Nevertheless, these tens of
millions of dollars spent have not correlated to
True societal costs of inaction amount to
an increase in the North Atlantic right whale
hundreds of millions of dollars through population; in fact, the right whale population
gear loss, ghost fishing, marine debris has declined significantly in this same time
clean ups, closures, and safety hazards. period.

Abandoned, Lost, or Discarded Fishing Gear
Abandoned, lost, or discarded fishing gear (ALDFG) is gear that enters the marine
environment intentionally or unintentionally, which has both direct and indirect negative impacts.
Additionally, ALDFG threatens marine animals through catching of target and non-target species
(ghost fishing and marine animal entanglements), alteration and damage to the benthic
environment, creation of worldwide navigational hazards, and introduction of plastics into the
marine habitat and food web.
Of the many causes of ALDFG, those that can affect pot/trap fisheries include adverse
weather, gear conflicts, illegal, unregulated and unreported fishing, vandalism, theft, and
unintentional vessel interactions (propellers that damage or severe buoyed endlines). It is
extremely difficult to quantify the costs of ALDFG, primarily because it is not well documented.
However, pressure from groups struggling to fight marine debris at large has led to promising
work that will serve to inform this area in the future (Macfadyen et al., 2009).
These direct and indirect costs of lost gear are evident in the North Atlantic pot/trap fishery
and are shown in Figure 12.
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Figure 12. The marine costs of trap fishing with buoys and endlines. © 2019 Annika Toth

Gear Loss and Initial Lost Catch
Pot and trap gear is lost every year because vertical lines are susceptible to interactions
with vessels, tide, damage from storms, inattention, theft, vandalism, poaching, and regular wear
and tear (Smolowitz, 1978a; Breen, 1989; FAO, 2012; Richardson et al., 2019).
Surveys and anecdotal reports found that lobster pot loss rates in Maine could vary from
five to 25 percent. Studies found that for both inshore and offshore operations the pot loss rate
could range between 10-25 percent annually (Smolowitz, 1978a; Kruse et al., 1993; Pelletier et
al., 2008; Pelletier and Ellis, 2009; Ludwig et al., 2012a; Goodman, 2018). Along the Maine coast,
a 1992 study reported an annual pot loss rate of 5-10 percent (ICES, 2000). Another estimate
from 2011 indicated an annual trap loss in Maine of 5.95 percent (Bever, 2019; Staff, 2019a) The
most recent and all-inclusive review of literature on the subject has concluded that the annual trap
loss percentage in Maine is 19 percent (Richardson et al., 2019).
As of 2018, there were 2,939,885 total trap tags purchased in Maine by individual permit
holders. However, anecdotal reports from fishermen indicate that fishermen often “hold” some of
their tags, and only fish a portion of their allotment. For the following calculations, the highest
estimate is utilized (2,939,885 trap tags) since it is impossible to quantify the actual number of
traps being used in Maine’s waters. For this calculation, the average estimate of 12.28 percent
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was used (Table 7), arguably more conservative than the NOAA-cited and accepted gear loss
numbers of 20-30 percent, the number of lobster traps lost annually is potentially 361,017
(Smolowitz, 1978a; NOAA, 2015). Using an average cost estimate of $105 to replace each
trap means a direct annual loss to fishermen of nearly $38 million (Overton, 2018). This
equation is simplified here as:
2,939,885 traps x 12.28% loss = 361,017 lost traps x $105/trap = $37,906,785 loss/year
Current DMR estimates show an annual catch in 2018 of 119,640,379 pounds of lobster
purchased at dock for $4.05 per pound, or a total of $484,543,535 annually (DMR, 2018). A yearly
loss of just under $38 million would represent over eight percent of the lobster market’s total
economic value. Moreover, this replacement cost of $105 accounts only for the value of the traps
and is not inclusive of the cost of new buoys, line, trap tag fees, bricks, bait, consumables, travel,
or time-related to replacement efforts that
also account for a significant expense to
fishers.
In Maine, potentially 360,000 traps are lost
As shown above, the availability and
every year, resulting in a direct annual loss
quality of information for estimating annual
to fishermen of nearly $38 million.
trap loss varies considerably. Nevertheless, it
is possible to posit a credible scenario based
on these existing studies and surveys. Table
7 shows the results from seven studies that analyzed gear loss in Maine. From the loss
percentages gathered by these studies, the author calculated the financial cost each of these
percentage losses would represent to the lobster Maine industry. These calculations consider not
only the value of the traps lost but also the replacement cost of each trap tag and the potential
revenue of the catches that each lost traps would have provided the lobster fishermen (Table 7).
A detailed version of this table is available upon request.
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% of
traps
lost

Referenced
Source

Potential
# of lost
traps

Cost of lost
traps

Cost of
trap tag
lost

Cost of one season
of lost initial and
ghost catch

Total annual
cost

Notes

Total number of active tags: 2,939,885 (DMR Maine, 2018)
Cost of one trap: 105 $/trap (Overton, 2018)
Cost of one trap tap: 0.5 $/trap (DMR Maine, 2019)
Cost of lobster per pound: 4.05 $/lb. (DMR Maine, 2018)
Estimated pounds of lobster per lost trap per season: 17.729 lb. (Mercer, 2002)
Data represents commercial license holders only (LC1, LC2, LC3, LCO, LC2O, LC3O, LCU)
(Ludwig et al.,
2012a)

1.44%

42,334

$4,445,106

$21,167

$3,041,388

$7,507,661

(MA DMF, 2012)

3.15%

92,606

$9,723,670

$46,303

$6,653,115

$16,423,088

GOMLA
quote*

(Bever, 2019;
Staff, 2019a)

5.95%

175,000

$18,374,998

$87,500

$12,572,366

$31,034,863

Carl Wilson
quote*

(Trotter, 2009;
Smith et al.,
2011)

10.00%

293,989

$30,868,793

$146,994

$21,120,751

$52,136,538

(Richardson, et
al., 2019)

19.00%

558,578

$58,650,706

$279,289

$40,129,427

$99,059,422

(Poon, 2005)

21.40%

629,135

$66,059,216

$314,568

$45,198,407

$111,572,191

(Smolowitz,
1978a)

25.00%

734,971

$77,171,981

$367,486

$52,801,878

$130,341,345

Average % of
lost traps

12.28%

Table 7. Calculated cost of lost traps to the lobster industry each year

Ghost Fishing
Abandoned, lost, or discarded lobster traps continue to catch lobster, even when they
cannot be retrieved. This phenomenon is known as “ghost” or “derelict” fishing and can even
affect harvest over time (Table 8 and Appendix 2).
Sheldon and Dow first demonstrated
“derelict fishing” in the American lobster industry
in 1975. Derelict fishing impacts can persist for
long periods due to a process known as ‘selfbaiting’: species entrapped within the gear die and
form new bait, which then attracts scavengers,
who become entrapped and die themselves
(Sheldon and Dow, 1975; FAO, 2012; NOAA,
2015; Goodman, 2018; Richardson et al., 2019).

Ghost fishing is estimated to cost the
Maine lobster industry and state
economy an average of $26 million
each year.

Much work has been done by economists and marine scientists to model economic losses
related to derelict fishing gear, such as the “Lobsters to Dollars Initiative” (Natural Resources
Consultants, 2007; Jeffrey et al., 2016; Donihue, 2017). Estimates vary, but using results from
recent studies, the author calculated annual loss of ghost fishing to the American lobster industry
(Table 8) and concluded that ghost fishing costs the Maine lobster industry and state economy
an average of $26 million every year (Table 8). This number demonstrates why ghost fishing
should have a central place in the discussion of the true impact and cost of current fishing
practices. A detailed version of Table 8 is available upon request.
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Instead, the millions of dollars spent annually in the U.S. on replacing, mitigating,
removing, and recycling derelict gear could be reoriented towards preventing gear loss through
the funding of innovative gear, including ropeless, that can be located and retrieved before it can
impact fishery’s landings.

Pounds
lost per
ghost trap
(Est)

Average #
traps lost
per fisher
per year

Initial catch
and ghost
fishing loss
per fisher

# of lost
traps
(est)

Annual loss of initial
catch and ghost
fishing to American
lobster fishery

$ 4.05

17.739

9

$ 630

42,334

$3,041,424

3.15%

$ 4.05

17.739

19

$ 1,377

92,606

$6,653,115

(Bever, 2019;
Staff, 2019a)

5.95%

$ 4.05

17.739

36

$ 2,603

175,000

$12,572,515

(Trotter, 2009;
Smith et al.,
2011)

10.00%

$ 4.05

17.739

61

$ 4,373

293,989

$21,121,001

(Richardson, et
al., 2019)

19.00%

$ 4.05

17.739

116

$ 8,309

558,578

$40,129,902

(Poon, 2005)

21.40%

$ 4.05

17.739

130

$ 9,358

629,135

$45,198,942

(Smolowitz,
1978a)

25.00%

$ 4.05

17.739

152

$ 10,932

734,971

$52,802,503

Average Gear
loss rate:

12.28%

$ 4.05

17.739

74.7

$ 5,369

360,945

$25,931,343

Referenced
Source

% active
gear
loss

$ per
pound

(Ludwig et al.,
2012a)

1.44%

(MA DMF,
2012)

1

Table 8. Cost of ghost fishing to the lobster industry every year

Habitat Damage and Marine Debris Cleanup
Abandoned, Lost, or Discarded Fishing Gear (ALDFG), particularly from pot and trap
fisheries, can negatively affect benthic habitats and entire ecosystems. When a lost trap or trawl,
and associated endline, are left at depth they can negatively alter microhabitats by entrapping
fine sediment, which smothers those living organisms by creating an anoxic environment that robs
the area of vital oxygen as well as capturing toxins within the community, causing significant
mortality and morbidity (Macfadyen et al., 2009). These habitats can be especially important to
crustaceans such as lobster and crab, particularly when the lost gear is moved by currents,
storms, retrieved, or dredged up accidentally. This damage to critical habitat can have a
significant, although unseen, effect financially within many communities and must be considered
when thinking about the benefits of ropeless fishing (Natural Resources Consultants, 2007;
Macfadyen et al., 2009; Jeffrey et al., 2016).
Because lost gear damages habitat and marine life, it also contributes to the need for
marine debris clean-up programs. Marine debris cleanup programs have been in place in the U.S.
for over a decade. It can be inferred, based on a brief review of data, that the removal of lost
pot gear costs tens of millions of dollars per year (Breen, 1989, 2012a, 2012b, 2015, 2017;
NOAA, 2015; Wallace, 2017; Goodman, 2018; Bever, 2019b).
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Lost gear is expensive to retrieve, and the effort does not return salvageable traps.
For example, in 2009, the Gulf of Maine Lobstermen's Federation (GOMLF) received funding for
marine debris cleanup in Maine through a DMR grant. The proposal requested $2.3 million to
retrieve 80,000 traps. During the first year of cleanup, the project retrieved 1130 intact lobster
traps, and about half were returned to their owners. About half of them did not have any tags at
all (Smith et al., 2011). Subsequent years of gear removal efforts resulted in far less than the
estimated numbers of traps removed, and the group has since changed its approach (Pelletier,
pers. comms.). Efforts in other New England states, as well as those in the Mid-Atlantic region,
have reported similarly low rates of success in removing large numbers of intact gear.

Fishing Area Closures
As long as vertical lines are a threat to
endangered marine mammals such as the North
Atlantic right whale, the closure of fishing areas
will be an option to conserve the species. The
Take Reduction Team plan stipulates that fisheries
closures are one of the alternatives available to
reduce risks to North Atlantic right whales (NOAA,
2019c).

Closures remain a conservation option
that could be expanded by regulators or
in federal courts – posing a significant
burden to fishermen’s livelihoods.

As a result, there are currently two areas in Massachusetts waters that are closed to
pot/trap fishing for at least three months every year to protect right whales migrating along the
East Coast: the Great South Channel Restricted Area and the Cape Cod Bay Restricted Areas.
These seasonal closures create 6,300 square miles of water that are not accessible to lobster
fishermen (Coogan, 2019). These measures may protect against right whale entanglement but
are considered to be of great inconvenience to fishermen (Farmer et al., 2016). Closures are
experienced as an enormous and disruptive burden on individuals, as well as communities in the
United States and Canada.
The cost of closures on any particular fishery is impossible to quantify precisely, but it can
be estimated. During one closure, it was reported that up to 25 percent of the fisheries’ income
could be lost (Doucette, 2018). Additional areas for research should include economic impacts of
closures to the Atlantic lobster fishery, behavioral changes of fishermen in relation to time-area
closures, and “fine-scale interactions between fishing activities and protected resources” (Holland
et al., 2012; Farmer et al., 2016; Mercer, 2018; DFO, 2019). Even in the absence of such
research, it is possible to conclude that the financial impact, including lost income and reoriented
operations from successive years of closures, is perceived as a significant burden by pot/trap
fishermen.
Closures will continue to be a conservation option for the future and may even be
expanded by regulators or in federal courts. Ropeless technology could alleviate the burden
of closures, by removing the vertical fishing lines in the water, benefitting both the whales
and the lobster fishermen.

Navigational Hazards
The presence of vertical lines and active fishing gear at the sea surface interferes with
navigation safety on a daily basis everywhere around the world. Mariners must be constantly on
guard against not only gear they can see, but also gear they cannot, such as buoy lines slightly,
or completely submerged due to tidal variance and waves. When these buoys, or lines, are swept
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up into a vessel’s propeller, the results can vary from a minor inconvenience to the loss of vessel
and life (Hall, 2008; Johnson, 2000; USCG, 2008; Macfadyen et al., 2009; Kimball, 2017; Carlton,
2019; Fiotakis, 2020).
Propeller entanglement can cause a multitude of problems for mariners with inboard
engines such as torsional damage to the outdrive in the form of a bent prop, twisted or bent prop
shaft and/or vertical shaft, broken or stripped gears, broken U-joints, spun propeller hub or engine
coupler, or stripped splines on the engine coupler or drive yoke shaft. In a vessel with twin
inboards, a fouled endline that is wrapped around both props or shafts can quickly foul both shafts
and potentially draw them both amidships. This situation will, at best, bend the shafts and possibly
damage the struts, and at worst, can be catastrophic, tearing open a portion of the hull, causing
an older or less sea-worthy vessel to sink in a matter of minutes (Takehama, 1989; Hall, 2000;
Kimball, 2017; Alcus, 2019; Carlton, 2019).
The loss of propulsion after a propeller is entangled equals loss of power, which leads to
a loss of ability to avoid other hazards, such as rocks, other vessels, and waves. This has fatal
results that are difficult to quantify. Additionally, traps and trawls could act as anchors, especially
if the skipper tried to back down immediately upon seeing the endline. Reversing on an endline
can have catastrophic results for a vessel of any size. In smaller vessels with lower freeboard,
being anchored by the stern can lead to capsizing. Depending on sea conditions and location,
this has been fatal (Takehama, 1989; Hall, 2000; Kimball, 2017; Alcus, 2019; Carlton, 2019).
Many times, and particularly on commercial vessels that are offshore, the crew will have
to enter the water to clear these fouled props and can encounter many potential dangers, including
injury from the operation itself, entanglement trauma from striking the underside of the hull, and
drowning. The United States Coast Guard’s review of maritime deaths aboard commercial fishing
vessels from 1992-2007, noted specifically that four fishermen lost their lives in separate incidents
when they drowned, trying to clear an entangled propeller (USCG, 2008). One of the most
catastrophic documented losses of life was caused by a 10mm line (similar to those used in the
lobster fishery). The line entangled both propeller shafts and the right propeller of the ferry M/V
SeaHae, in the Republic of Korea, which caused the vessel to suddenly turn, capsize, and sink,
killing 292 people (Cho, 2005).
Finally, there is the cost of search and rescue operations that are needed on a daily basis
to rescue or assist vessels with entangled propellers. In cases where towing services are not
available or the risk to life is too great, air and sea support may be required, consuming additional
fuel and manpower (Macfadyen et al., 2009). The fishing communities on the island of
Shetland, U.K. have documented upwards of 200 lifeboat responses in a single year due
to fouled or entangled propellers (Hall, 2008).

Loss to Ecosystem: The Value of Whales as Climate Engineers
Current fishing practices pose a risk to the critically endangered North Atlantic right whale,
and to the larger ecosystem. Lines in the water can entangle these whales and, at worst, lead to
their deaths. These deaths bear significant
social and environmental costs. Whales
play a unique role as ocean ecosystem
The current stock of whales worldwide are
engineers by facilitating nutrient transfer to
worth more than $1 trillion based on their
enhance phytoplankton productivity as well
value to the environment, carbon capture,
as aiding in carbon sequestration into the
deep ocean (Roman et al., 2014). With
and potential ecotourism revenue.
regards to carbon capture, whales around
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the world capture carbon from the atmosphere and store it in their bodies and bones over their
entire lifetimes, similarly to the role trees play on land (IMF, 2019). Biologists have calculated that
one whale can remove on average 33 tons of carbon dioxide (CO2) from the atmosphere during
its lifetime, as compared with one tree, which absorbs only 48 pounds of CO2 annually (IMF,
2019).
The International Monetary Fund (IMF) estimated the value of an average whale, based
on its carbon capture capacity, fishery enhancement, and ecotourism revenue, to be at least $2
million, and the current stock of whales across the world to be more than $1 trillion (IMF, 2019).
The environmental and social costs of current fishing practices that harm the North Atlantic right
whale exceed millions of dollars each year with each preventable whale death.

X.

Addressing Ropeless Fishing Gear Concerns

Despite the advantages of ropeless technologies, there are still several barriers to their
acceptance and widespread use. Further discussions and joint efforts among stakeholders are
required to clear these hurdles and realize the benefits of this technology, including greater
environmental stewardship and protection of the North Atlantic right whale population.

Scientific Barriers to Ropeless Gear Development
Like any new technology, ropeless technology faces a number of scientific barriers that
are slowing its development and incorporation in the fishing industry. These include negative bias
from testing participants due to the cost of gear, lack of standardized methodology in testing
approaches, and the necessity for adapting gear to different water climates.
To ensure the continued success of a co-management approach to fisheries practices,
priority needs to be given to designing more thoughtful experimental trials that allow the
technology alone to be reviewed. Currently, gear testing and demonstrations have not been
standardized, making it difficult to review data and reach scientific consensus. It is essential to
create a standard and comprehensive methodology considering the equipment, preparation,
deployment, and retrieval of the gear, which can only be accomplished through collaboration
between researchers, gear developers, and fishermen.
The cost of ropeless retrieval technology has widely been discussed in most of the trials
to date that fishermen have participated in. In fact, many of the comments from surveys, reports,
and articles surrounding gear testing pertain to cost, which indicates that fishermen already knew
that the technology being trialed represented an additional cost. While transparency is vital to
maintaining trusting relationships between researchers and fishermen, this repetitive mention
of cost could, and likely has, led to negative bias on survey and study results. In fact,
fishermen have, in the past, made remarks about being afraid to participate in surveys or testing
so as not to unintentionally bring new regulations to their fishery that would force the cost onto
them.
Due to differences between each fishery and natural competition in the marketplace, there
will likely not exist one ropeless technology that will address all the individual needs of all fisheries.
While many gear technologies can be modified for use in new conditions and fisheries, this often
requires some amount of tweaking, testing, and time. Because these technologies were often
developed regionally, with local fishing styles and conditions in mind, local manufacturers can
easily modify and test equipment for a novel adaption, however, may incur additional costs to do
so.
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As with any proposed change to fishing technique or technology, there has
historically been a period of resistance, research, and adjustment. This period has been
unusually long for ropeless gear. Despite the evidence in favor of ropeless, there is a palpable
objection from some regional fisheries that see issues such as cost and workability as significant
barriers. In order to realize its widespread use, ropeless technology must build consensus
between the fishing industry, scientists, and regulators.
Building partnerships among science, policy, and industry is not easy, but it is essential.
As an example, due to past management actions, unproductive regulation, and litigation,
fishermen have been hesitant to report entanglements and sightings events for fear of negative
press, social media backlash, closures, and “evidence” that their fishery is killing whales
(MacLennan, 2018). In addition, fishery partners who were once willing to engage in a variety of
mitigation efforts now lack the willingness to comply with these changes because of heightened
tension between fishermen, scientists, and government (Pelletier et al., 2008; Ludwig et al.,
2012b, 2012a; Doucette, 2018). Commercial fishermen have said they do not feel that their voices
are heard or matter and that their years of on-water expertise are not considered during policy
decisions that affect their livelihoods.

Reactions to Ropeless Fishing from Industry Leaders
Over the years, many comments have been reported from industry leaders highlighting
their concerns about ropeless fishing. These comments and concerns may explain fishermen’s
reluctance to consider ropeless fishing as an option. The main concerns expressed are economic,
operational, gear conflict, competition, the need for training, and the perceived notion that whales
are absent during fishing operations. Further concerns are described in Table 9.
It is important to acknowledge these concerns in order to come to a collaborative solution
that protects both right whales and the livelihoods of lobstermen. In fact, many are legitimate
concerns that will require the ingenuity of all involved – including those in industry – to solve. As
seen in other cycles of innovation, concerns are often engineered through stakeholder input on
the design process. In addition, other concerns about ropeless fishing can be alleviated through
more gear testing that seeks to improve design flaws and gear marking as well as lower costs.
Dr. Moira Brown, scientist emeritus with the Anderson Cabot Center for Ocean Life at the
New England Aquarium, has been studying right whales alongside fishermen since 1985. She
states:
We’ve spent years working together. My goal is to make sure those
relationships are not lost. It’s only through working together that we’ve
started to figure out viable options – the fishing industry really needs to be
involved in more testing of gear modifications to make sure they are safe
for fishermen, safe for whales, and economically viable (Mercer, 2018).
Supplemental responses from manufacturers to fishermen’s concerns on deployment and
acoustic technology are available by request.
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Concerns expressed by
industry leaders

Representative comments

Economic

High upfront costs (Donahue, 2019) and potentially fewer
traps per person (Higgins, 2018)

Operational

No way of seeing gear location, no way to avoid setting gear
on top of each other, lack of confidence in retrieval, difficult
transition to new gear (Pappalardo, 2018)

Gear Conflict

Between fishermen and among fisheries

Competition

Broadcasting the “hard-won” location of traps, loss of identity
of trap ownership, loss of control, and inability to self-police
(Pappalardo, 2018)

Need for Training

Re-training could take “10 years” (Terhune et al., 2018)

Perceived Notions

Whales are minimally present during fishing operations in
Maine (Right Whales and Maine Lobster, 2019)

Table 9. Concerns and comments from industry leaders
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XI.

Advancing Ropeless: Next Steps & Solutions

This report has outlined the available ropeless technology and justifications for immediate
implementation. However, any industry innovation requires a transition period before widespread
adoption is possible. Below are solutions and considerations for government, industry, and
fishermen as they move toward promoting and adopting ropeless technology.

Cost Subsidies and Lower Cost Transitions Options
As with the costly and required line replacement programs in New England, it becomes a
necessity for technologies such as ropeless, and the software and hardware that support them,
to be subsidized by state or federal government programs. Cost subsidies can ease the
financial burden on fishermen and begin a transition to fishing without endlines and buoys.
As of today, there few funding sources for fishermen from government programs. In FY20,
Congress appropriated $3 million for right whale conservation, with $1 million of that directed
toward a pilot program to develop and test fishing gear that is designed to reduce right whale
entanglements (Division, 2020). In addition, at the time of publication, NOAA announced that $1.6
million will be available in new federal subsidies through the Atlantic States Marine Fisheries
Commission to help fishermen transition to new right whale regulations (NOAA, 2019d). Funding
can also come through private sources. For example, Sea World has recently funded a $900,000
project to test alternative fishing technologies and evaluate the cost and impact of ropeless gear
to fishermen and whales (WHOI, 2020). All of these efforts will help get more ropeless gear in the
water as quickly as possible while easing the burden on fishermen.
Another way to alleviate the financial burden on fishermen is through lower-cost
transitions. One option would be to initiate a rollout program with GTRs and other programmable
timed-release devices. It would have a lower upfront cost but utilize the same basic rope
management systems allowing fishermen to become comfortable handling the new devices. Once
this becomes easier for them, the transition to acoustic releases can be done with trade-in
programs, during which the devices would be serviced onsite or shipped in one at a time for the
releases to be swapped from GTR or timer to acoustic.
Another option, if fishermen would prefer to use GTRs in specific areas and acoustic in
others, similar to the “split configuration” used in New South Wales or suggested by Robert Haché,
they could simply order acoustic releases and rope management systems when ready. Lastly,
locally housed and maintained equipment caches could serve as a method whereby an
association or cooperative could “lease” equipment from manufacturers and then out to fishermen
and share equipment with other regions when not fishing with traps due to season (Porter, 2018;
Ibrahim, 2019).

Incentives for use by Fishermen
Providing incentives to fishermen for using ropeless fishing technology that lowers the risk
of entanglement to marine mammals and propellers could be done very simply by opening up
fishing areas that are closed to those not using ropeless technology. This would also be beneficial
for pot fisheries in the South Atlantic that are now required to make long offshore winter journeys
as to not endanger North Atlantic right whales. Fishing closer to shore in the winter without
“tendering” requirements has several advantages in that it uses less fuel and time, and is generally
safer for fishermen (Farmer et al., 2016).
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This type of incentive is currently utilized in a
settlement agreement to be instituted in the
Providing incentives to fishermen to
Dungeness crab fishery in California. Additionally, it
use ropeless technology could be
could allow longer and unattended soak times in
done by opening up fishing areas
areas with extreme regulation on vertical lines. One
that are currently closed.
example would be the black sea bass (BSB) pot
fishery in southeastern states, which is required
throughout the year to return all BSB pots to the dock
at the end of each trip so that no pots are left unattended (NMFS Service, 2015; Farmer et al.,
2016). The need to return for the gear is rarely economical or convenient for most of these
fishermen; it limits the amount of time and other catch they can fish for during one trip. Ropeless
gear would eliminate this need, allowing pots to be left unattended for longer periods.

Education and Training
One of the great misconceptions heard in meeting after meeting with fishermen is that
because they do not see right whales, they must not be present. It is true that many fishermen
have not encountered a right whale, but that is likely attributed to the very small North Atlantic
right whale population size and vastness of the ocean. Information should be shared with
fishermen and consumers, educating them on the presence and migration paths of right whales,
whether they are easily visible or not (Cantwell, 2008; Trotter, 2011; Kraus et al., 2019; Hayes et
al, 2018).
Another consideration is raising awareness of the sheer number of vertical lines and
buoys present in the water: there are more than one million vertical lines off the North
American Atlantic coast alone (Hayes et al., 2018). Education surrounding the costs and risks
associated with current fishing practices, as detailed in this report, should be presented and
discussed in detail as a precursor to ropeless implementation. In addition, thoughtful dialogue is
needed about how ropeless can benefit not only fishermen but also the industry as a whole. This
could be tasked, with appropriate funding, to coastal Sea Grant programs, instead of fishing
associations and cooperatives.
Training for ropeless systems should be designed after other successful tiered learning
programs (sometimes referred to as “train-the-trainer” programs) and could be administered by
the agency of choice in all regions, with appropriate funding (CDC, n.d.; Cassidy, 2004; Wyatt,
2011; Phillips et al., 2017; Darling-Hammond et al., 2019; Owusu-Agyeman, 2019). This would
be the most time- and cost-effective mode of training and entails teaching a small group of
fishermen how to perform the necessary functions of their systems of choice, such as respooling
line, making release bags, using and deploying rope management systems, using virtual gear
marking, and fishing with the ropeless
devices. Each member of this small group
would then share these practices and teach A recent survey in Scotland demonstrates
other groups of fishermen, meaning that ten fishermen’s confidence in their ability to
fishermen learning a ropeless method can train others on ropeless fishing.
quickly become 100 or even 1,000 fishermen
over time.
A train-the-trainer model is further supported by a January 2020 survey conducted in
Scotland during ropeless fishing trials. In this survey, fishermen were asked about their
confidence level in their ability to train other fishermen on ropeless fishing. Fifty-six percent of
respondents reported they could teach other fishermen to use ropeless fishing within 1-2 days,
and more than three-fourths reported they could do it in seven days or less (Figure 13, Sawicki,
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2020). The survey demonstrates fishermen’s confidence in their abilities to train other fishers on
ropeless fishing methods in a timely manner.

Figure 13. Survey responses from Scottish fishermen on teaching ropeless fishing
(Sawicki, 2020)
Community-based groups that have spent decades working on marine debris cleanup
(such as GOMFL) with local fishermen and communities could implement tiered learning
programs, using the same funding from marine debris clean-up programs they have worked with,
in the past.

Interoperability of all Systems for Virtual Marking
The “backend” of any live database system is an important consideration, if not the most
important factor of implementing a ropeless fishing system and should be one of the top priorities
when earmarking funds for research and development. The determination of who should “own,
audit, and house” the data is one that needs to occur at the state, federal, and regional levels to
comply with all current regulations. Database management is a costly enterprise and should not
be underestimated. Additionally, funding and support should be provided to the informal working
group of manufacturers to engage in cooperative activities to further the interoperability of their
systems as well as integration with currently used vessel technologies.

Policy and Regulations
Policy and regulatory changes will be required to allow for fishing with pot/trap gear
that is not marked at the surface with some form of buoy identification system. A federal
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amendment in the Marine Mammal Protection act would be necessary to ensure fishing without
vertical buoy lines is allowable, and similar changes will be required in state regulations that
govern fishing in state waters. These changes will require incorporating the past advisement of
enforcement personnel to ensure that the new regulations are reasonable and achievable with
current staffing and gear of said officials (Alexander et al., 2019).
Enforcement officials should be trained, as well as fishermen, to work with all ropeless
gear systems fished in their respective monitoring areas. In addition, the required technology used
to scan for underwater pot/trap gear location, as well as the necessary on-call acoustic retrieval
devices should be provided to all agencies through state and federal fisheries funding. California
is currently in the process of amending its surface gear marking regulations, which would provide
an adequate baseline and precedent for how these regulatory changes could function regionally,
federally, and outside of the U.S.
There are other policy efforts underway to reduce marine mammal entanglements.
However, the implemented strategies so far have produced no substantial change in the
conservation status of the North Atlantic right whale by reducing entanglement mortality
of endlines (Pace et al., 2014; Werner, 2015; Baumgartner et al., 2018a; FAO, 2018; Moore,
2018; Ball et al, 2018).
Within the past year, NOAA has started to undertake some at-sea ropeless testing trials
on working lobster boats with actively deployed gear with one normal endline and a ropeless
system at the other end of the trawl (Matzen, pers. comm.). While this is a positive first step
towards fostering the necessary innovative feedback process with ropeless gear manufacturers,
industry, and regulators, a much larger and more rigorous testing regime is required. Fortunately,
the U.S. Congress re-introduced legislation in 2019 to establish a new competitive grant program
that will promote innovative research and collaboration between states, nongovernmental
organizations, and the fishing and shipping industries to reduce harmful impacts on the North
Atlantic right whale and promote the recovery of the population. This bill called the Scientific
Assistance for Very Endangered (SAVE) Right Whales Act would authorize $5 million annually
over the next ten years (Congress, 2020).

XII.

Conclusion: The Promise of Ropeless Fishing Gear

Ropeless fishing gear is an innovative technology that reduces entanglements from
vertical fishing lines, while also promoting pot/trap fisheries in the U.S. and Canada. Ropeless
fishing gear is a real alternative technology to current fishing practices that, as shown in the report,
pose many costs to both the North Atlantic right whale and to society. Data shows that ropeless
technology has a retrieval success rate of 98.4 percent, proving that ropeless technology is viable
and merits inclusion in right whale conservation plans. It is also a universal model for protecting
marine mammals from entanglements in ecosystems all around the world.
The question is not if ropeless fishing is attainable, but rather, if fishermen, industry,
scientists, manufacturers, governments, and other key stakeholders are prepared to work as a
team to make it a reality. Ropeless technology can already safely store and retrieve lobster fishing
gear and catch from the seafloor. What is needed going forward is a collaborative process to
design a specific, measurable, and actionable plan that resolves remaining concerns and
achieves interoperability of different ropeless systems to ensure all fishers have a choice of
technology that fits with their fishing style.
There are many ways the acceptance and widespread use of ropeless technology could
be promoted and accelerated. By pursuing programs and funding to help fishermen with upfront
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costs that ropeless systems require, fishermen might be more inclined to test it. In addition, by
creating a system that would reward fishermen that use ropeless technology – such as being
allowed to fish in closed areas or creating market-based incentives – fishermen may be more
likely to transition to new gear.
This technology does represent a significant change to fishing methods, not just within the
fixed gear sector, but also within mobile gear sectors. However, history has shown that fishermen
are adaptable and clever innovators in protecting their harvest and represent a valuable social
and economic resource to all communities. There is no reason to believe the fishing industry
cannot continue to innovate to face the challenges of today, using ropeless gear to protect right
whales and other marine mammals while at the same time protecting their communities that rely
on the pot/trap fishery.
With the support of ropeless manufacturers, scientists, fishing community members, and
government, ropeless fishing can finally emerge from twenty years of successful niche operations
to daily use in our pot/trap fisheries. Achieving this reality will require collaboration from all sectors,
working together to get this viable technology in the water without delay.
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Appendix 1 – Example Data Form for Success Rate of
Ropeless Gear Deployments
Total # of
deployments
to date (in-house
and public testing)

Number of
acoustic
successes

Number of
rope
storage/bag
successes

Number of
complete
successes

Percent (%)
successes

Number of
deployments
assigned to a
skilled
operator*

Table 10. Success rate of ropeless gear deployments data form
*Skilled operator would include the gear being RIGGED for deployment by a developer, designer,
or manufacturer, and not a fisher or researcher unless the fisher or researcher was determined
by the company as being fully skilled and experienced with the gear and would be trusted to use
the system completely on their own. Trials immediately after experimental gear configuration
changes should not be included in these figures until manufacturers have deemed them to be
working successfully. For example, if a design works consistently with a particular type of acoustic
release, rope/bag/spool, and then the configuration is changed, those results should not be
reported here until they are confirmed as being adjusted to working as efficiently as prior to the
gear change. This will ensure that no animals are put at risk from untested gear configurations.
To quantify the success of ropeless technology it is essential that deployments be done in
a standardized manner with consistent data collection procedures.
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Appendix 2 – Estimated Impact of Derelict Gear on Harvests
In Jeffrey et al., 2016, the framework for modeling economic losses related to derelict gear
fishing is listed as follows.
To evaluate economic losses arising from harvest reductions, commercial and/or
recreational harvests should be modeled. A common specification for harvest is:
1. 𝐻 = 𝑞𝐸𝑋
In equation (1), harvests (H) are specified as a function of effort (E), the stock of fish (X),
and a scale factor known as a catchability coefficient (q). Derelict gear may affect both the stock
of fish (stock reduction) as well as catchability (efficiency reduction).
The total difference in harvest attributable to derelict gear can be specified as:
2.

∆𝐻 = 𝐻 − 𝐻 = 𝑞𝐸𝑋 − 𝑞 𝐸𝑋

Where 𝐻, 𝑞, and 𝑋 are harvest, catchability, and fish stock, respectively, in the absence
of derelict gear. Equation (2) is thus the difference between harvests with and without derelict
gear. If derelict gear significantly reduces stock or gear efficiency, (2) would yield a negative value
indicating harvests would be higher if the derelict gear were not present.
The data needed to evaluate (2) will depend on which mechanism of harvest loss is being
modeled. In all cases, data on harvests, effort, and stock is required. First, for harvest losses
arising from stock reductions, it is necessary to estimate 𝑋. This can be done using population
models that explicitly incorporate the effects of derelict gear (e.g., as an additional source of
mortality). Data on derelict gear mortality rates and other factors entering a model of stock
dynamics (e.g., growth and maturity rates) would, therefore, be necessary for estimating 𝑋.
Second, for losses due to decreased gear efficiency, it is necessary to estimate 𝑞. An estimate of
𝑞 can be derived through comparison of harvests across areas and/or times when the derelict
gear is and is not present, or is present to varying degrees, controlling for the effects of differences
in effort and stock. Finally, data on the amounts and location of derelict gear (or removals) and
harvest is required to estimate 𝑞 (Jeffrey et al., 2016).
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