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Abstract

In the past decade, marine debris has rapidly gained attention, and is now being
recognized as one of the greatest threats to ocean habitats, marine life, and human health.
All over the planet, animals are being discovered deceased, due to interactions with
marine debris, specifically plastic pollution and derelict fishing gear (often referred to as
ghost gear). Marine debris impacts wildlife in a number of ways. When it is it ingested,
it can cause internal tissue damage and increase the risk of choking, it can fill the
animal’s stomach, creating buoyancy issues and an inability to get proper nutrition.

With human related cetacean mortality rates from ship strike and fishing gear
entanglement at a record high, now more than ever it is important to investigate what can
be done, and what is being done to mitigate threats to these animals. Drastic changes to
policy that would mitigate marine debris accumulation have yet to occur despite growing
the likelihood that Right whales may soon go extinct. Shoreline debris removal would be
a solution that addresses marine debris as it washes ashore, before it can be allowed to
reenter the ocean environment. Under current policy, removal of derelict lobster trap
debris is prohibited without proper permitting; however, these regulations may be
creating more issues, and not serving to address trap theft, as intended.

Over a 6 month marine debris accumulation study, at Long Beach, at Marblehead
Neck, Massachusetts, I not only documented marine debris washing ashore, but also
obstacles that interfered with the potential success of this project. These obstacles
included vague policy, lack of responsible management, beachfront homeowners, and

irate fishermen.
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My research sought to determine how much derelict gear could be removed from
Long Beach, at Marblehead Neck, over a 6-month period, and what trends in gear
accumulation can be revealed by analysis of monthly data from scheduled systematic
cleanups? Based on accumulation totals and trends, what would be optimal management
strategies to perform Division of Marine Fisheries (DMF) regulated cleanup efforts?
Additionally, are current regulations governing lobster fishing gear removal and cleanup
understood by those who frequently come in contact with derelict gear e.g., beach
cleanup organizers and participants, boaters, fishermen, and beach goers? In a six-month
period I estimated that 1,000 pounds of derelict fishing gear (not including unmovable
large gear masses) would accumulate on Long Beach, at Marblehead Neck, in
Marblehead MA. My results showed far less debris accumulation than what I expected,
with a total 493 Ib collected and removed over the six month survey period.

During the course of this thesis, some policy revisions have been made in an
effort to lessen negative impacts on New England cetaceans. The effects of these
revisions may not be easily observed, and may require future cetacean mortalities to
determine best practices. With increased debris mitigating efforts, trap debris should
decrease. However, this can only be quantified and confirmed by preforming marine

debris accumulation surveys, like the one used in my research.
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Chapter I

Introduction

Large marine mammals, such as mysticetes (baleen whales), play a crucial role in
the health of the marine ecosystem, in numerous ways. Their feces provide nutrients to
the water, and serves as a food source for smaller marine life. Their movement through
the water column while feeding transports nutrients from shallow water, down to deeper
depths. This mixing of water also disperses the concentration of carbon, which aids in
mitigating climate change (Knowlton et al., 2015).

Death from fixed gear entanglement is the most common cause of premature
death in large baleen whales in the North Atlantic (Robbins & Mattila, 2004). In order to
reduce injury and mortality rates in these cetacean species, policy makers have instituted
several regulations governing boating and fishing practices in areas frequented by whales,
particularly focused on protecting the critically endangered North Atlantic right whale
(Eubalaena glacialis).

Due to the scale of demand for American lobster (Homarus americanus), the most
common gear type encountered by whales in and around the Gulf of Maine is lobster
traps (also called lobster pots). Modifications to lobster pot configurations include a
mandatory “weak link”, designed to break when 6001bs of pressure is applied. In the
event of a gear encounter, this design gives whales a better chance to disentangle from
the weighted lobster pots. However, since the instatement of the weak link mandate,

regulations protecting fishermen from gear theft by preventing the removal of lost and



abandoned gear have yet to be amended to coincide with the high influx of gear being
lost at sea. This gear becomes free-floating, accumulating at sea and along the coastline,

where it can pose a continued threat to marine and coastal wildlife.

Research Significance and Objectives

My research explored how a more adaptive management approach to fishing gear
cleanup regulations, as well as a better definition of questionable policy terminology,
would aid in reducing gear accumulation, thus decreasing the risk of future associated
environmental impacts. Working with the help and permission of town and government
officials, and homeowners with private beach access, in Marblehead, Massachusetts, I
documented in depth account of lobster pot debris as it washed ashore at Long Beach,
Marblehead Neck (Figure 1). These data identified trends in debris accumulation
(seasonal, ocean currents, weather, etc.), which can allow policy makers to adopt more
effective cleanup efforts, while still protecting lobstermen from theft.

I focused on removing and documenting the small-degraded debris, because large
gear masses need to be reported for removal by a Division of Marine Fisheries (DMF)
official. For the purpose of this study, I defined a gear mass as “large” if it is too heavy
for two people to safely carry and remove. These large gear masses typically found at the
study site are often made up of multiple lobster pots, gillnet, monofilament line, and long
lengths of rope, and pose the highest threat to marine life if washed back out to sea. This
is why it is imperative that it is removed as quickly as possible. Detailed records of

reported gear masses, and their locations, allowed me to track the efficiency of DMF
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Figure 1. Survey sit, Long Beac, at Marblehead Neck. The beach runs N-S.
Image Source: Google Maps

officials. Slow removal would indicate a need for policy reformation or at least more
reliable removal management.

Even those working in a maritime profession poorly understand current
regulations regarding gear removal. This is likely due to vague wording, i.e., terms like
“fishable” and “unfishable” being undefined. To show this gap in legibility, I surveyed a
cross-section of individuals likely to come in contact with derelict fishing gear, to
evaluate their understanding of removal laws. Revealing policy misunderstanding,
combined with documenting the scale of the problem, would justify the desperate need

for policy revision.



Following the instatement of required lobster pot modifications, such as the
“weak link”, the regulations prohibiting gear removal and cleanup have yet to be
amended to compensate for the increased volume of lost gear. This research I examined
if the current stringency of regulations meant to protect lobster fishermen from gear theft
is contributing to the large amount of accumulated abandoned gear. As long as gear
remains uncollected and unreported, it has the potential to pose future entanglement
threats to wildlife. Additionally, I highlight case studies involving similar fishery and
gear dilemmas, as well as debris cleanup efforts and policies that have so far proven
successful, and show how these strategies may be helpful in New England.

To acquire my data, I worked under special permit granted by the Division of
Marine Fisheries, performing a test case marine debris survey in a location chosen based
on my observed history of lobster trap gear accumulation. Long Beach, at Marblehead
Neck, is a privately owned beachfront property; therefore, I acquired permission from the
homeowners to access and collect data during the duration of this survey. Working on a
private beach allows data to be collected without interference from other cleanup
operations, and also brings attention to marine debris related issues directly associated
with beachfront ownership. This work gives insight into what obstacles may be
encountered while conducting a marine debris survey, as well as what modifications to
current policy would aid in lessening marine debris accumulation.

My objectives were:

e To document and remove a large amount of marine debris (primarily fishing gear)

that could pose a potential risk to marine life



e To track the efficiency of reported derelict gear retrieval operations, be it by the
gear owner, or by Division of Marine Fisheries (DMF) officials

e To evaluate if the current laws governing the removal of fishing gear, particularly
lobster traps, is causing large amounts of gear to be left on beaches, where it
poses a future threat to wildlife

e To compile all collected data (trap gear and non-gear marine debris collection
totals, reports of large gear collection efficiency by DMF officials, gear and non-
gear accumulation trends, as well as any issues encountered that prevent or hinder

the removal process) to determine if an amendment to current policy is needed

Background

The waters off the coast of Massachusetts are home to an array of charismatic
megafauna. Whales, sharks, seals, and turtles either call these waters home or pass
through on their migration routes. The conservation status for the majority of these large
marine animals is either threatened, endangered, or critically endangered (WWF, 2018).
Proper management of this area is essential to achieve healthy species population levels
for future generations. Every day, however, these animals face a gauntlet of fishing gear,
primarily lobster traps. The North Atlantic right whale is considered one of the most
critically endangered whale species with less than 500 animals remaining (Kraus et al.
2005). It has become so common for whales in these waters to become entangled in
fishing gear, that 75% of the documented right whale population, and about 50% of the
documented humpback whale (Megaptera novaeangliae) population have been estimated

to show scars from past entanglements (Knowlton et al., 2005). Death from gear



entanglement is the most common cause of premature death in these animals (Robbins &
Mattila, 2004). Despite this growing concern, changes to policy have been slow going,

and overly conservative.

Marine Debris

In the Marine Debris Research, Prevention, and Reduction Act, congress defined
marine debris as, “any persistent solid material that is manufactured or processed and
directly or indirectly, intentionally or unintentionally, disposed of or abandoned into the
marine environment or the Great Lakes.” Marine debris has been the cause of countless
deaths to marine life, with deaths occurring in numerous ways, such as lethal
entanglement, ingestion, malnourishment, choking, and biomagnification and
bioaccumulation of toxins that are often carried on debris surfaces (National Research
Council, 2009). Another environmental threat associated with marine debris is the
possibility for it to carry and transport invasive species, which can have major impacts on
an ecosystem. In addition to the negative impacts on wildlife and the environment,
marine debris affects navigation safety, the economy, and human health. Beaches that
were once pristine are now blanketed with plastic pollution, which can greatly impact

tourism, jeopardizing the local economy.

Shoreline Cleanup
In order to mitigate and determine treads in marine debris accumulation, both on
land and in the oceans, beach cleanups and marine debris surveys are becoming

increasingly important. There are two main standardized methods for conducting a



quantitative shoreline marine debris survey, one is a stocking-stock assessment, and the
second is an accumulation survey. A standing stock survey is basically a “snap shot” of
debris present at a site, taken during a single survey event. For this type of study, the
transects are chosen at random, typically using random number generation. All debris in
that transect is counted, and usually left on site. A similar method is used when
conducting organismic population studies. This type of marine debris survey is useful
when the survey is being conducted in a location with limited debris disposal resources.

An accumulation survey occurs over a stretch of time, and is used to determine
patterns and trends. Documentation methods must be consistent and repeatable, to ensure
a good dataset. If following the methodology recommended by the NOAA Marine
Debris Program, which has become the industry standard, the survey site is divided into
parallel five meter wide transects. All collected and counted debris is removed from the
site, in order to distinguish new debris at each consecutive survey (Opfer & Lippiatt,
2012).

Concerns regarding microplastic pollution have been a growing topic in science
media. Over time, large pieces of marine debris break down into smaller and smaller
particulates. Debris that was once only a major threat to larger animals can begin to pose
a threat to animals lower in the food web as it continues to break down. Recent studies
regarding marine debris cleanup advise that focus be directed towards coastal removal
efforts. This puts an immediate halt in debris breakdown, before it is allowed to reenter
the marine ecosystem and pose a threat to wildlife (Sherman & Sebille, 2016).

This model directly relates to the need for better fishing gear management, as the

majority of gear parts are plastic. With current gear configurations, strong ocean



currents, and uneven bottom terrain, which are the preferred habitat for lobsters, it is
inevitable that large qualities of gear become unfixed and free-floating (McCarron &
Tetreault, 2012). If this gear does make its way to shore, as with all coastline debris, it is

likely that it will reenter the ocean aided by tides and ocean currents.

The Trouble with Plastic

Plastic pollution makes up the majority of marine debris. Since the 1950’s,
humanity has dramatically increased its reliance on plastics. Plastic is inexpensive to
produce, durable, and long-lasting, making it a seemingly economical material. It has
increased sterility in the medical field enormously, allowing tools that could spread
contamination to become disposable. This reliance on disposable goods has become so
widespread, that it is often impossible to even purchase a meal that does not come in
some form of plastic.

Unfortunately, plastic does not ever biodegrade; it simply breaks down into
smaller and smaller pieces. When plastic makes its way into the ocean, the sun and salt
water make these plastic pieces break down even faster, which results in microplastics.
Microplastics are typically defined as any piece of plastic smaller than Smm.
Microplastics are now becoming a major concern, as plastic particulates have been
discovered in even the deepest parts of the ocean, in deep sea marine life, and even inside
microscopic marine organisms. Most concerning, when these small animals ingest
plastic, the toxins that accumulate on the plastic’s surface become absorbed into the
animal’s tissues. These toxins make their way up the food chain, as larger and larger

animals feed on these smaller organisms containing plastic (Moore, 2008).



These realizations concerning plastics and their potential threats have inspired
several cities, states, and even entire countries to institute bans on certain items, such as
plastic bags, polystyrene, and other single use disposables. As new information becomes
published, particularly research that links plastics to human health risks, it is likely that
single use plastics will be used less widely. This has already begun, as new data linking
plastics to endocrine disruption in humans, is being investigated, particularly in countries
that do not have recycling and advanced waste management facilities (Vandenberg, et al.,

2017)

New England Marine Life at Risk

In addition to humpback and right whales, there are numerous large marine
species that are also facing threat, as they occupy New England waters frequently used
both commercially and recreationally by humans. The most commonly seen cetacean
species, other than humpbacks and right whales, are minke whales (Balaenoptera
acutorostrata), finback whales, often referred to as fin whales (Balaenoptera physalus),
sei whales (Balaenoptera borealis), sperm whales (Physeter macrocephalus), harbor
porpoises (Phocoena phocoena), and white-sided dolphins (Lagenorhynchus cruciger).
While it is easy to think it is only large cetaceans that can potentially fall victim to deadly
encounters with marine debris in New England waters, it is not uncommon for sharks and
sea turtles to also become entangled in marine debris. The species of sea turtle most
commonly found entangled in these waters are leatherback turtles (Dermochelys
coriacea). This is likely due to their southern migration route overlapping prime lobster

season, both beginning in June (James, Ottensmeyer, & Myers, 2005).



Conservation Status of the North Atlantic Right Whale

In 1980, The North Atlantic right whale was declared the official marine mammal
of Massachusetts. Unfortunately, it is one of the most endangered marine mammals on
the planet. Right whales are large baleen whales, typically weighing up to 70 tons, and
are about 50 feet in length. They were originally hunted to near extinction during the
whaling era. Their name was given to them as they were considered the “right” whale to
kill. Right whales spend a lot of time feeding slowly at the surface, which made them an
easy target for whalers. Additionally, their high blubber content made them prized for
the large qualities oil, which was used as an illuminant from the 1700s until the mid-
1800s. Because of this high blubber content, Atlantic Right Whales typically float, which
made post mortem retrieval easy for whalers (Kraus & Rolland, 2009).

It has been over 70 years since it was legal to hunt the North Atlantic right whale;
however, their populations have still not recovered (Johnson et al. 2005). While irregular
patterns in calving may be partially responsible, it is believed that human activities pose
the greatest threat towards species recovery (Kraus & Rolland, 2009). While their
surface activities made them ideal targets for whalers, it also puts them at risk for ship
strikes and fixed fishing gear entanglement.

Researchers have spent the last four decades assessing the right whale population,
using boat and aerial surveillance. In 1992, based on these surveys, it was estimated that
there was only about 295 individuals left in the population (Kraus et al., 2016). With
increased conservation efforts, and a few above average calving seasons, by 2015 it was

estimated that the population had grown to 500 individuals (Pettis & Hamilton, 2015).
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Right whales annually return to the waters off Cape Cod Bay during the months
of February through April to feed on plankton (Kraus & Rolland, 2009). This puts them
at great risk, as this area is close to shore with heavy boat traffic, and populated with
hundreds of fixed lobster traps (Figure 2). Speed restrictions for boaters have been put in
place in hopes of mitigating ship strikes; however, due to the whales’ slow movement

and dark coloration, they are very difficult to spot, even going at slow speeds.

Eubalaena glacialis
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Figure 2. North Atlantic right whale sightings. Image source: NOAA Fisheries, 2016

In addition to bodily harm from entanglements and ship strikes, right whales in
this area have been identified as exhibiting other symptoms of poor health, such as skin

discoloration and an above average amount of whale lice. Right whale specialists have

11



been collecting fecal and mucus samples, and comparing them to samples taken from the
Southern right whale population. Processed Northern right whale samples showed signs
of drastically elevated stress hormones, which may be contributing to the drop in
reproduction rates (Rolland et al., 2007). It is estimated that in the entire Northern

population, there are only 100 sexually mature females (Kraus et al., 2017).

Cetacean Entanglement

It is difficult to precisely estimate how many whales have suffered from injuries
of death related to gear entanglement. Unless the entanglement is witnessed or the
carcass is found with gear still attached, knowing what kind of gear was responsible may
remain a mystery. In 2005, experts studied gear-induces scar patterns on 31 North
Atlantic right whales and 30 humpback whales, aimed at identifying the most common
fishing gear responsible for marine mammal entanglement in the North Atlantic. Gear
type was identified in only 36 of these 61 whales, with lobster pots definitively
responsible for 19 of these injuries (Johnson et al., 2005).

Whale entanglement typically occurs by ropes becoming wrapped around the
pectoral fins, tail, or the mouth, or may involve two or more points of entanglement.
When this happens, the weight of the gear may keep the whale from being able to surface
for air, causing the animal to drown. Gear entanglement can also prohibit a whale from
feeding properly. Often, when a whale has been entangled for a period of time, the whale
shows signs of weight loss and malnourishment. It is common for whales to begin
“rolling” when an entanglement occurs. This can either result in the whale becoming

free, or could make matters worse, by increasing the severity of entanglement (Figure 3).

12



Figure 3. Example of typical fixed gear entanglement. Image source: NOAA

Disentanglement Efforts

In the 1980’s, East coast fishermen began reporting sightings of large whales
entangled in lobster gear. In the same decade, more and more deceased whales began
washing ashore, with gear attached, or scars indicating injuries due to gear interaction.
At that time, the only rescue efforts were carried out by volunteers, with limited resources
and experience. Due the dangerous nature of the work, and the growing need as whale
entanglements increased in frequency, it became clear that more effort was needed in
personnel, tools, and techniques. In 1984, the Provincetown Center for Coastal Studies
(PCCS) partnered with NOAA Fisheries Services to develop a technique to disentangle
large free-swimming whales. This technique was ironically adopted from a common 19"
century whaling method, called ‘kegging”. Following years of partnership between
PCCS and NOAA, and proven success freeing whales from potentially life-threatening

entanglements, the Atlantic Large Whale Disentanglement Network (ALWDN), was

13



established in 1994. Today, it has developed into a network consisting of hundreds of
highly trained emergency responders, in teams spread throughout the East

coast of the United States and Canada.

Massachusetts Lobster Fishing Gear Requirements and Regulations

The most common gear type whales in the North Atlantic are found to come in
contact with is lobster pots. To combat this entanglement issue, fishermen have been
required to modify their gear configurations, as part of The Atlantic Large Whale Take
Reduction Plan (ALWTRP), developed by NOAA’s National Marine Fisheries Services
(NMFS). The Plan was originally implemented in 1997, however updates are
implemented as fisheries representatives, state and federal officials, environmentalists,
and other interested stakeholders propose and agree to them, with the most recent update
occurring in 2014.

In 2010, a “weak link” became mandatory on all lobster pot lines, under that
year’s Plan update (Figure 4). When 600 pounds of pressure is applied, presumably from
a marine mammal, the weak link will break, and the sink rope will disconnect from the
surface buoy. With the broken connection, the line will no longer be fixed to the lobster
pots, which is the heaviest part of the trap configuration, hopefully allowing the animal to
disentangle (NMFS, 2014). It is still unclear if the wink link modification has lessened
the risk of entanglement, as it is virtually impossible to be certain of entanglement details,
unless the moment of entanglement is witnessed. The unintended consequence of this
modification has been a massive amount of free-floating gear, which can result in future

wildlife entanglements, as well as gear accumulation underwater and onshore, where its

14



harmful effects can reach lower and lower in the food web as the materials breakdown

(Sherman and Sebille, 2016).

M ¢ Bullet Buoys 5117

2 41 Weak Link

Figure 4. Massachusetts inshore lobster pot gear configurations.

Image source: Division of Marine Fisheries

An additional modification implemented was a decreased amount of allowed float
line, in favor of sink line. The rational for this change is that it is less likely for a marine
mammal to become entangled if there is less line in the water column, especially should
the line become detached. This modification does not take into account that little is
known about cetacean benthic feeding practices. In a recent study, footage was gathered
by attaching a suction cup camera to a humpback whale. This recorded video showed
whales foraging for sand lance (Ammodytes dubius) on the sea floor (Ware et al., 2006).

It may be possible for whales to become entangled in sink line during benthic foraging.
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New England Derelict Fishing Gear Regulations

Laws put in place to protect lobster fishermen from trap theft have made it illegal
to remove or collect derelict fishing gear, even if it is no longer “fishable”. In general,
the five New England states, Connecticut, Maine, Massachusetts, New Hampshire, and
Rhode Island, all suffer similar fishing gear management issues. These states all have
large lobster fisheries, and all states limit gear handling and removal to the gear owners
and/or permitted officials. However, the regulation terminology varies from state to
state. One key component that results in compliance issues, and also may limit the
effectiveness of organized cleanups, is the lack of definition for important terms such as
“derelict fishing gear (DFG)”, “fishable”, and “unfishable”. Despite lack of definition,
the Division of Marine Fisheries regulations frequently use the words fishable and
unfishable, when referring to trap condition. Claiming that it is illegal to remove gear,
even if it is no longer fishable, is meant to refer to gear with minor damage, but also
includes infinitely small gear debris such as fragments of mesh or net. Better definition
of the term “fishable” could be a step towards legalizing managed trap-debris removal.
Without definition of these terms, it is difficult to know when gear collection is being
done lawfully, and it opens up those who wish to remove potentially harmful debris to the
threat of criminal prosecution for removing gear.

Table 1 indicates which New England states clearly define DFG, have
requirements for marking and attending gear, prohibit tampering with gear, require
authorization to remove gear, and mandate periods that gear must be removed from the

water. Due to similarities among New England state regulations, additional regulation
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details will only outline states with have notable differences, Massachusetts and New

Hampshire.

Table 1. New England fixed gear requirements, by state.

DFG Marking/ Prohibition Gear Closed
Definition | Attending from Removal Periods for
Requirements | Tampering Requires Gear
Authorization | Removal
Connecticut No Yes Yes Yes No
Maine No Yes Yes Yes No
Massachusetts Partial Yes Yes Yes Yes *
Mew Hampshire No Yes Yes Yes No
Rhode Island No Yes Yes Yes No

* Was enacted on February, 2018.

Massachusetts Derelict Lobster Fishing Gear Removal Regulations

Although it is important for all New England states to properly manage marine
debris that results from lobster fishing activity, Massachusetts has the highest number of
endangered animals that are at risk of entanglement. Therefore, it should be expected
that every effort is being made to mitigate derelict trap gear. However, if gear is found
abandoned, be it in the water or on the shore, it can only be removed by the owner or by a
Division of Marine Fisheries official (Division of Marine Fisheries, 2016). However, if
no one reports this lost gear there is no way for it to be legally collected or disposed of
safely. While this regulation can be difficult to enforce, should an individual be caught
with lobster trap parts, and are unable to prove ownership, the gear can be confiscated,

and may result in a fine (DMF, 2016). In Massachusetts, all lobster gear must display a
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tag with the owner’s name, company (if part of commercial fishing operation), and
contact information. This tag is affixed directly to the metal trap mesh.

In addition to there being no definition for fishable, there is only partial definition
for what is considered “derelict fishing gear”. The closest definition provided is for the
term “ghost gear”, which Massachusetts defines as “any fixed fishing gear including but
not limited to gillnets with their flyers and floats and lobster pots with their buoys and
line, which are no longer buoyed to the surface of the water, are not visible from the
surface and become entangled with mobile gear.” (322 MASS. CODE REGS. 4.06(1)).

In February, 2018, the Massachusetts Division of Marine Fisheries enacted the
Large Whale Seasonal Trap Closure. This closure was developed as a direct attempt to
limit marine mammal entanglements, in areas highly trafficked specifically by Northern
right whales (Figure 5). It will be in effect annually from February 1* through April 30",
This time increment correlates with the timeframe that right whales frequent these waters.
During this closure, authorities have and will continue to remove any free floating, or

abandoned gear from the water (322 MASS. CODE REGS. 12.04 (2)).

New Hampshire Derelict Lobster Fishing Gear Removal Regulations

Until recently, New Hampshire’s policy on lobster pot removal mirrored that of
Massachusetts. New Hampshire does not define DFG or other relevant terms, and gear
removal is limited to owners and New Hampshire Fish and Game Department (NHFGD)
officials. However, in 2016, an exception was created which allows groups or

individuals to remove derelict fishing gear, following the issue of easily attainable, short-

18



o ara i
e .
= :
5
|
i E
g
MASSACHUSETTS "
RESTRICTED AREA
f— 4 s6 5N ——

w grasw (B g

T

410N
TP 00" 'W

o
Y, NALTLAEE T
B R

ity o N e e e ' FTLETE T
& .y Sompuliied
. ¥ i B 579 W

o - T i, S . 18 LU 1T AT

.l;iglﬂl-re 5. Large Whéle Seasonal Tr‘ap-C;Illésuré area.
Image source: NOAA Marine Fisheries
term permits. These permits make it possible for more effective cleanup efforts, and will
likely result in cleaner shorelines and less free-floating trap debris.

There are several modifications to current policy that could be effective solutions
to mitigating marine debris associated with derelict fishing gear. Small changes such as
better definitions of common terminology could be a great benefit, and are part of many
plans in other states that have taken steps towards finding solutions.

While drastic changes, such as a complete revision of the way lobsters are fished

would be the most effective way of eliminating threats to marine life, at this time it is
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unrealistic, and would hurt the livelihoods of fishermen, and the economy of towns that
offer lobster dishes as a town staple. Until a comparable alternative is devised,

innovative solutions, and better management are necessary.

Removing and Recycling Debris from Beaches
Florida has similar issues concerning derelict lobster and crab traps, as New
England, as well as laws prohibiting removal. However, the Florida Fish and Wildlife
Commission grants volunteer groups’ permission to stage cleanup events in accordance
with local law. They also define a fishable trap as a trap with 6 intact sides (Florida Fish
and Wildlife Commission, 2016). A similar model would likely improve local trap
cleanup efforts. This is similar to efforts being made in New Hampshire.

Simply collecting and disposing of gear is not an ideal solution, as landfills are
overflowing with harmful materials, which can take hundreds of years or more to break
down. Projects such as Fishing for Energy through the National Fish and Wildlife
Foundation, in partnership with NOAA’s Marine Debris Program, and Corvanta, have set
up facilities that provide fishermen with free disposal of unwanted or retired fishing gear.
Fishermen can deposit gear in designated bins at drop-off facilities at 41 ports in nine
states. All ropes are shredded, metal is melted and recycled, and plastic components are
burned and turned into renewable energy for local communities (National Fish and
Wildlife Foundation, 2016). This program provides an easy and accessible means for
recycling gear. But that does not resolve the issues involving marine mammal
entanglement while gear is in the water, nor does it stop this gear from becoming marine

debris.
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A similar gear recycling program has also been established in New Hampshire,
called the Marine Debris to Energy Project (MDEP). While there are fewer drop off bins
than currently provided by the Massachusetts Fishing For Energy program, the locations
available seem more easily accessible.

Marine debris recycling and repurposing has become a popular way to keep trash
from landfills, while promoting awareness and stewardship. One gear-recycling program
called Net Positiva was established in November 2013 in Chile by Bureo, a group of
three engineers with a love of surfing and the ocean. Net Positiva provides local
fishermen with free fishing net disposal, and distributes green incentives to the fishermen
and communities participating in disposal and cleanup efforts. Once nets are collected
and cleaned, they are melted down to become the raw material for skateboards and
sunglasses sold by Bureo. Since 2013, over 10,000kg of nets have been collected and
transformed (Bureo, 2016).

Despite growing public and commercial concerns regarding negative effects of
derelict fishing (DFG), Massachusetts has yet to establish sufficient policy or
management solutions. With my research I intent to show where policy is lacking, and
what improvements could aid in limiting, documenting, removing, and recycling DFG.
The Role of Private Beachfront Ownership in Marine Debris Accumulation

The majority of public beaches are maintained by a city’s Department of Public
Works and the Department of Conservation and Recreation, which coordinate managed
removal of marine debris. Additionally, non-profit organizations such as the New
England Aquarium, the Surf Rider Foundation, and Boston Cares, conduct regular

organized beach cleanups and surveys, with the help of the community and volunteers.
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In the case of privately owned beach property, it is the responsibility of the owner

to care for the beachfront, similar to yardwork or home repair. This leaves a blind spot in

terms of marine debris accumulation, and the amount of debris recycling into the ocean.

It also leaves gaps of shoreline unmanaged and not subject to cleanup efforts, should the

owner decide to ignore marine debris.

Research Questions, Hypotheses and Specific Aims

My research questions were:

1.

Under currently allowed gear cleanup efforts, how much gear could be removed
from Long Beach, at Marblehead Neck, over a 6-month period, and what trends in
gear accumulation can be revealed by analysis of monthly data from scheduled
systematic cleanups?

Based on accumulation totals and trends, what are optimal management strategies
to perform Division of Marine Fisheries (DMF) regulated cleanup efforts?

Are current regulations governing lobster fishing gear removal and cleanup
understood by those who frequently come in contact with derelict gear e.g., beach

cleanup organizers and participants, boaters, fishermen, and beach goers?

These questions were examined partly by testing these associated hypotheses:

1.

In a 6-month period, 1,000 pounds of derelict fishing gear (not including
unmovable large gear masses) will accumulate on Long Beach, at Marblehead
Neck, in Marblehead MA.

Following the report of large gear masses, it will take longer than one week for

them to be removed by a permitted DMF official.
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3. Those who frequently come in contact in derelict fishing gear poorly understand

current lobster trap removal laws.

Specific Aims
This research was accomplished by completing these tasks:

1. Quantify how much fishing gear and other marine debris is being washed up at
Long Beach, at Marblehead Neck, MA, collect and document this using a
systematic approach.

2. Use gear collection data to determine if there are any factors influencing gear
accumulation, such as weather, season, and ocean currents.

3. Report large gear masses, impractical for myself to remove to permitted officials,
and document response times of collection operations.

4. Analyze New England marine debris removal policy and regulations, focusing on
derelict fishing gear, as well as successful case study removal strategies, to better
understand what changes could benefit New England parties.

5. Poll a variety of participants who have experience either with marine debris,
beach clean ups, or lobster fishing, on their understanding of current regulations
regarding gear removal. Use this to determine if the current law is clear to those

who regularly come in contact with lost and abandoned fishing gear.
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Chapter II

Methods

The site chosen to determine and expose the amount of gear being washed up was
roughly one mile of rocky coastline, including a 110 m long area of pebble beach. Due to
proximity to a large number of traps and strong ocean currents, fishing gear including
lobster pots, monofilament fishing line, gill nets, and both nylon and cotton ropes and
nets, accumulate on the beach and rocks. I divided this area into 22 transects, each 5
meters in width, measured from the water’s edge, running perpendicular to the ocean
back until there is a change in substrate, which in this case is a dividing wall. These
transects were recorded using GPS coordinates and bearings to ensure consistent
sampling. Any environmental variables that could influence gear accumulation were
recorded on the date of survey.

It was my desire to get an accurate picture of gear accumulation at this site. It is
probable that topography plays an influence in gear accumulation, which I mapped and
documented. All transect measurements, debris collection, and recording were done in
compliance with the National Oceanic and Atmospheric Administration Marine Debris
Program accumulation survey standards, in order to ensure methods are repeatable, and
coincide with industry sampling standards (Opfer & Lippiatt, 2012).

Prior to survey initiation, I contacted the Massachusetts Lobstermen’s
Association, as they are a hub of knowledge for lobster fishing laws and management,

and I thought it was important that an alliance be established, should I need assistance at
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any point during the duration of my study. I also contacted the Commonwealth of
Massachusetts Division of Marine Fisheries in order to obtain the necessary permits to
handle, possess, and remove lobster trap gear and debris.

Lobster trap debris is limited to only the parts that could be confirmed were part
of a lobster trap configuration, which includes surface marker buoys, rope, trap metal
(parts of the trap walls), weak links, trap tags, and rubber bumpers. Many other pieces of
debris that were commonly found such as work gloves, buckets, treated wood, and zip
ties, likely came from lobster fishing vessels, however to avoid any assumptions, I chose
to only include trap components in the trap debris category, rather than all industry
related debris.

The methods detailed below refer to the numbered specific aims of the research:

1. One month prior to the initiation of monthly sampling, I removed every bit of
marine debris from the survey site, in order get a “clean slate” before beginning
monthly station surveys. Since the debris collected on this day had been
accumulating for some time, I did not tally each piece of debris, nor its transect
location.

Then, for a 6-month period, on the first Saturday of every month, I
returned to the survey site, beginning surveys at roughly the same tide interval to
ensure the same amount of exposed rock and beach at each transect from month to
month. Due to storm activity, October’s survey took place the second Saturday,
as it was unsafe to gain access to the site.

The first task completed prior to any collecting was the marking and

measuring of transects, which were perpendicular to the water’s edge, each 5
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meters wide, extending from the water to the dividing wall, for a total of 22
transects. Flags were used to delineate transects, and were installed and removed
at the beginning and end of each survey.

All trash and gear was counted, categorized, weighed, and recorded by
transect, with the exception of microplastics which are too small to ensure
consistency. All collected marine debris was removed from the site, and properly
disposed of, either in my home trash and recycling, or dropped off at a designated
fishing gear recycling bin. All large gear masses were left on site, due to physical
constraints, as well as the desire to track DMF officials’ removal response time
from when a report was made. To limit potential threat to wildlife posed by these
large gear masses, should they become swept back out to sea, I removed any
pieces that could be easily removed by hand, without the use of tools or excessive
strength.

A spreadsheet was created for each survey date, detailing debris type,
count, and transect location. A final spreadsheet was created showing the
collapsed data of all six surveys.

By using my spreadsheet data, and notes from survey events, I determined trends
in debris accumulation, both monthly, and by transect. This data could play a role
in later scheduling cleanup efforts around seasonal or environments events.

Any large gear masses that needed to be removed by owners or officials were
recorded using GPS coordinates, photographed, and reported. On my monthly
visits to the site, any new large gear masses observed were documented and

reported. Each month, I took note if past reported large gear masses were still
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present and if so, had the location changed in any way. I followed up with

officials on any uncollected gear, continuously recording responses.
3. Iresearched current marine debris policies, and removal regulations, and created a
side by side comparison of similarities and differences. I also looked at case studies
from other states with similar issues, to determine if there have been successful
marine debris strategies that could be potentially beneficial in New England.
4. Cleanup participants and organizers, in addition to commercial and recreational
boaters, beach goers, and fishermen were questioned on lobster gear removal laws.
My goal was to determine the level of understanding of current regulations held by
those likely to come in contact with derelict fishing gear. During my interactions, |
asked them to explain the laws in their own words, without the use of outside
resources. [ tallied responses into four basic categories, those who had a sound
understanding, those who understood but deliberately disregarded, those with a vague

understanding, and those with no understanding of current regulations.
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Chapter 111

Results

The following sections depict the marine debris collection totals, displaying
number of pieces of debris collected at each monthly survey, by transect. They also
display the ratio of lobster trap debris versus non-trap related debris collected in each

transect, both by collection count as well as weight.

Six Monthly Accumulation Surveys
Due to the survey site being a privately owned beach, there was very little “new”
debris. The majority of what was collected had been in the ocean for some time, judging
by the level of degradation and presence of biofouling organisms, such as barnacles and
encrusting bryozoans. When new debris was found it was typically in the first two

transects, which were closer to areas trafficked by the public.

Survey 1: July 2017

Survey 1 took place one month after completely removing all debris, in order to
accurately show a single month’s accumulation totals and variations in location and
debris type. This cleanup occurred within two weeks of a storm, which resulted in large
waves and swells to completely cover the typically visible beach. On the day of Survey
1, large amounts of brown algae covered about 80% of the 107 m” area. This algae made

locating debris difficult, as so much was covered or entwined, and made dark colored
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debris difficult to distinguish from the algae. To standardize my collecting method, I
decided that I would only collect what was visible on the surface, and I would not seek
out any debris that might have been covered by algae. An exception was made only if
my movements cause debris to become uncovered.

Much of the debris collected was found in the far South transects (Figure 1), from
13 through 21, with trap debris greatly outnumbering non-trap related debris. Of the
1,604 pieces of debris collected, 1,136 were unfishable lobster trap parts (Figure 6). The
remaining 468 pieces of debris collected mainly comprised of various plastics, such as
bottles, packaging, and polystyrene pieces. The total weight for this survey was 252.5
pounds, with 221.6 pounds of lobster gear related debris, and 32.5 pounds of non-lobster

gear debris (Figure 7, Table 2).

Survey 1: July 2017
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Figure 6. Total pieces of debris collected per transect, survey 1 (July 2017).
Trap debris is derived from lobster pots.
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Figure 7. Survey 1 debris collected by weight, per transect.

Table 2. Survey 1: five most common non-trap debris items and total collected.

Survey 1
& Most Common Non-Trap Debris ltems Total Collected
1. Partial Aluminum Cans 72
2. Misc. Plastics B4
3. Partial Plastic Bottles 35
4. Polystyrene 29
5. Plastic Bottles 27

Survey 2: August 2017

Survey 2 took place in August, and showed a drastic drop in marine debris from

what was documented the previous month. Weather and sea conditions were consistently

calm in to month between collecting events. Total pieces of debris collected were 349,

with 174 pieces of lobster trap related debris, and 175 pieces of non-trap debris. The total

weight collected was 22.3 pounds; with 11 pounds of lobster trap related debris, and 11.3

pounds of non-trap debris (Figures 8 & 9, Table 3).
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The distribution of debris collected was more evenly spread out across all 22

transects than what was documented in Survey 1. However, the higher concentration of

trap related debris was found in transects 9 through 21, as was the case in Survey 1.
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Figure 8. Total pieces of debris collected per transect, survey 2 (August 2017).

Table 3. Survey 2: five most common non-trap debris items and total collected.

Survey 2
5 Most Common Non-Trap Debris ltems Total Collected
1. Misc. Plastics 26
2. Polystyrene 20
3. Partial Aluminum Cans 11
4. Plastic Bottles 10
5. Treated Wood 10
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Figure 9. Survey 2 debris collected by weight, per transect.

Survey 3: September 2017

Survey 3 took place in September, and showed another drop in debris
accumulation from the previous month. Weather and sea conditions were calm for the
month leading up to this collecting event. The total pieces of debris collected were 263,
composed of 103 pieces of lobster trap related debris, and 160 pieces of non-trap debris
(Figure 10). Total weight collected was 38.5 pounds, made up of 14.1 pounds of trap
debris, and 24.4 pounds of non-trap debris (Figure 11). The amount of lobster trap
relating debris totals went down for a second month, while the non-trap debris more than
doubled from the previous month.

Debris was spread fairly evenly across transects, with the exception of Transect
17. This transect accounted for 21.5 pounds, made up of 11.5 pounds of lobster trap

parts, and 10 pounds of non-trap debris (Table 4).
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Figure 10. Total pieces of debris collected per transect, survey 3 (September 2017).
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Table 4. Survey 3: five most common non-trap debris items and total collected.

Survey 3
& Most Common Non-Trap Debris Items Total Collected
1. Plastic Film 17
2. Misc. Plastics 11
3. Plastic Bottles 10
4. Plastic Bottle Caps 10
5. Partial Aluminum Cans 9

Survey 4: October 2017

Survey 4 took place in October, one week later than scheduled due to severe
weather conditions, and high wave and sea surges, which made the site inaccessible.
Similar to Survey 1, which took place following storm activity, the beach was blanketed
with brown algae. Previous collecting methods were repeated in regards to algae
coverage, with only surface visible debris collected.

A total of 1,040 pieces of debris was collected, 608 being lobster trap
components, and 432 being non-trap related, which is more than what was collected in
the previous two months combined (Figure 12, Table 5). The total weight collected was
100.9 pounds, made up of 76.4 pounds of lobster trap related debris, and 24.5 pounds of
non-trap debris (Figure 13). In addition to the increase in debris totals, another notable
difference is the debris distribution by transect, as the majority of debris was found in
transects 1 through 13, completely opposite of what was documented in the previous

surveys.
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Figure 12. Total pieces of debris collected per transect, survey 4 (October 2017).
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Figure 13. Survey 4 debris collected by weight, per transect.
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Table 5. Survey 4: five most common non-trap debris items and total collected.

Survey 4
& Most Common Non-Trap Debris ltems Total Collected
1. Partial Aluminum Cans B4
2. Polystyrene 56
3. Mlisc. Plastics 46
4. Plastic Bottles 26
5. Aluminum Cans 22

Survey 5: November 2017
Survey 5 took place in November, following a month of relatively calm weather
and seas. A total of 309 pieces of debris were collected, 103 pieces of lobster traps, and
203 piece of non-trap debris (Figure 14, Table 6). The total weight collected was 22
pounds, 7.1 pounds of lobster trap parts, and 14.9 pounds of non-trap debris (Figure 15).
This month showed a drastic decrease in both trap and non-trap counts than what

was seen during Survey 4. There were no transects that displayed an extreme

Survey 5: November 2017
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Figure 14. Total pieces of debris collected per transect, survey 5 (November 2017).
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accumulation such are what was documented in Transect 17, during Survey 3. Most

notable change is that the non-trap debris is almost double that of the lobster trap debris,

a ratio that has yet to be this drastic favoring non-trap debris.
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Figure 15. Survey 5 debris collected by weight, per transect.

Table 6. Survey 5: five most common non-trap debris items and total collected.

Survey 5
5 Most Common Non-Trap Debris ltems Total Collected
1. Plastic Film 26
2. Polystyrene 24
3. Plastic Bottles 21
4, Misc. Plastics 20
5. Treated Wood 19
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Survey 6: December 2017

Survey 6, the last survey of this study, took place in December, following another
month of calm weather and seas. A total of 535 pieces of debris were collected, 331 were
lobster trap debris, and 204 were non-trap debris (Figure 16, Table 7). The total weight
for this survey was 54.5 pounds, 40.2 pounds of lobster trap debris, and 14.3 pounds of
non-trap (Figure 17). In transect 1 alone, 124 pieces were collected, distinguishing this

transect from the other 21.

Survey 6: December 2017
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Figure 16. Total pieces of debris collected per transect, survey 6 (December 2017).
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Figure 17. Survey 6 debris collected by weight, per transect.

Table 7. Survey 6: five most common non-trap debris items and total collected.

Survey b
& Most Common Non-Trap Debris ltems Total Collected
1. Misc. Plastics 34
2. Partial Aluminum Cans 24
3. Zip Ties 17
4. Partial Plastic Bottles 14
5. Polystyrene 14
m
Compiled Survey Data

In total 4,099 pieces of marine debris was collected over the course of the 6

month survey (Figure 18). Of that total, 2,455 were lobster trap gear debris, and the

remaining 1,644 was various non-trap related debris (Figure 20, Table 8). The total

collected weight was 492.7 pounds, with 370.4 pounds of lobster trap parts, and 122.3
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non-trap debris (Figure 19). The transect with the most accumulation overall was

Transect 17, and the Transect with the least accumulation was Transect 7.

6 Survey Compiled Data
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Figure 18. Compiled data of 6 surveys. Pieces of debris collected, per transect.
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Figure 19. Compiled data of 6 surveys. Debris collected by weight, per transect.
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Count: Trap vs. Non-Trap Debris by Survey
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Figure 20. Compiled data of 6 surveys. Trap debris versus non-trap debris, pieces by
transect.

Weight: Trap vs. Non-Trap Debris by Survey
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Figure 21. Compiled data of 6 surveys. Trap debris versus non-trap debris, by weight,
per transect.
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Table 8: five most common non-trap debris items and total collected (Six surveys

combined).
Compiled Survey Data
5 Most Common Mon-Trap Debris [tems Total Collected
1. Partial Aluminum Cans 209
2. Misc. Plastics 201
3. Polystyrene 165
4. Plastic Bottles 104
5. Treated Wood 91

Large Gear Masses

Over the period of the six month survey, there were a total of three large gear
masses, which were reported to the Division of Massachusetts Fisheries. One of these
masses I first observed almost a year prior to the initiation of this research. All three
masses were reported monthly to DMF officials, providing dates and GPS coordinates.
By the end of sixth month, two of the three masses remained. The third was the smallest
of the three, and was the closest to the water’s edge, entangled on rocks, which prohibited
me from relocating it (Figure 22). One was extremely large, and partially buried in the

rocks, so removing it would likely require specialized equipment (Figure 23).
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Figure 22. Large gear mass, smallest of three (photo by author).
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Figure 23. Large gear mass, 1are (ph y tr).
Knowledge of Local Derelict Fishing Gear Regulations
Conducting research in the field in an area highly trafficked by tourists,
beachgoers, and homeowners, meant that there was always potential for human
interference. One of my specific aims was to determine the level of understanding and
compliance with derelict lobster fishing gear regulations. During the duration of my 6
month survey, and months leading up to initial survey date, I spoke with several

individuals, some over the telephone and some in person.
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My initial interaction with a representative from the Massachusetts Lobstermen’s
Association was my first opportunity to question someone who is familiar with
regulations and common practices. | asked if it was possible to define when it is lawful
for an individual to remove or possess trap debris. Their response was vague, but the
take away message from their perspective was that if debris could not be used or
recognized as a lobster trap, it would be considered unfishable, and could be removed.

On the permit issued by the Massachusetts Division of Marine Fisheries, the
terms debris and fishable were used when outlining permit stipulations. Along with the

listed conditions, definitions were provided for the both terms (Figure 24).

The following conditions are established as part of this letter of authorization:

-

This letter or copies of this letter must in possession of anyone retrieving lobster gear.
2. Mo fishing gear properly marked with a surface system may be removed from the water.

All traps and nets and associated components removed from the water or the shoreline shall be — to the degree
possible - inventoried and described regarding gear type, fishery, and owner;

Any intact nets or traps that are fish-able! shall be placed in a secure location forinspection by DMF personnel or an
OLE officer. After inspection by a DMF or OLE official, gear may be returned to its owner with permission from an OLE
official. All traps and nets that are not intact shall be considered trap or net debris? and may be disposed of by you.

5. All marine organisms that are present in the derelict fishing gear shall be released alive back to the water.

* Fish-able traps shall mean all sides and are intact with a tag attributable to owner.
* Debris is any piece of a net or trap, or any combination of such pieces not constituting a fishable net or trap

Figure 24. MDMF permit section outlining conditions and definitions.

This permit was the only instance this terminology had been clearly defined in
documentation pertaining to Massachusetts, and it is not part of any regulation addressing
the removal of derelict lobster trap gear. This permit made it legal for me to possess and
remove “unfishable” gear, and was valid for a year following the date of issue.

While on site, I was confronted by a local lobster fisherman, who had several
questions regarding my research, but mainly wanted to know why I was doing it.

According to him, he had been walking that beach for the past 20 years, looking for gear
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parts he could use in his gear configuration. His overall attitude towards me seemed
threatened, and he expressed concerns that I was collecting gear that he could potentially
use. [ asked him what gear parts he would find and reuse. Ropes, trap walls, weak links,
and weights were among the components he typically looked for. He confirmed that he
knew collecting and removing lobster trap gear was illegal; however, he said it was
common practice for many lobster fishermen. He was also aware that the beach was
private property, which he expressed was one of the reasons he was able to find usable
parts. I asked if he ever heard of DMF officials removing large gear masses, and he
stated that he did not believe so, as he had seen some gear masses sit for years, until
storms swept them out to sea. He provided me with a lot of valuable insight regarding

the site, and confirmed my assumption that regulations were deliberately being ignored.
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Chapter IV

Discussion

Following six monthly full site marine debris surveys, the final count showed that
my initial hypothesis regarding accumulation was an over estimation, in terms of what
was counted and collected within the 107 meter survey area. However, this may have
something to do with the underwater topography of the area in front of the survey site.
The lobster fisherman who confronted me on site stated that much of the debris washes
up gets immediately washed back out, due to circular currents created by the “bowl
shaped” shoreline (Figure 25). If marine debris is constantly being swept back out to sea
at this location, it is even more important that the sources of this debris are better
managed.

It was evident based on monthly trends, that gear accumulation was highly
influences by rough sea conditions. The months following storm activity showed a large
increase in both lobster trap and non-trap debris. The ratio of lobster trap debris greatly
out weighted the non-trap debris following rough seas. This could be due to the weight
of lobster trap materials requiring stronger waves and currents to deposit trap debris onto
the shore. Changes in ocean currents were likely what resulted in the inconsistencies in
accumulation by transect. I had expected the middle transects to show the most
accumulation, as they were more directly facing open-ocean. This was not the case, as

accumulation varied greatly from month to month. Should management efforts be made,
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Figure 25. Marblehead survey site, with ocean current. Image source: Google Maps

shoreline cleanup should take place immediately following storm activity, as indicated by

the high accumulation in surveys conducted following rough sea events.

Trap Debris versus Non-Trap Debris

Prior to beginning this study, I had conducted beach cleanups at this site on
multiple occasions. While they were not as extensive or long-term as this six month long
accumulation study, the results from these surveys were rather surprising, in a number of

ways. In regards to the collection data, I had not expected to find as much non-trap
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related debris as was collected. In the past, the primary makeup of debris totals seemed
to heavily favor broken down lobster traps.

I felt it necessary to distinguish between lobster trap related debris, and non-trap
related debris, because they are caused by two very separate issues. Lobster trap debris
originates from one source, and is typically accidental, whereas non-trap debris comes
from a variety of sources. My point was to highlight lobster trap loss being a serious
issue, through entanglement statistics and accumulation data, and thereby show how
mismanagement has aided in extending this issue.

With better management, I would expect lobster trap related debris to decrease
over time. Additionally, should plastic bans and education grow; there should also be a
decrease in plastic marine debris accumulation. This would likely take several years to
become measureable, as there are already such large volumes of various debris types
circulating in the oceans. Hopefully through combined efforts from environmentally
driven policy and management, and better solutions to both the fishing industry and

plastic disposables, there will visible reduction in marine debris and associated threats.

Policy and Regulatory Implications
It was evident based on my numerous calls to report the locations of large lobster
fishing gear masses, that their removal was not a priority. One the last day of the six
month survey, there were two remaining gear masses. With the help of Sean Rothwell,
we managed to dig out, cut up, and remove one of them. It took over 2 hours to remove,
and weighed just over 150 pounds. What drove me to do this research was my genuine

love of the marine environment, and we could not in good conscience leave it behind,
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knowing it was likely to end up getting washed into the ocean. I will continue to
document the remaining gear mass, should I return to this site. It is my hope that as
priorities shift, officials will take on greater responsibility in terms of marine debris

removal.

Obtaining Permits and Permissions

I was very surprised at how easy it was to obtain a permit for this study, and how
helpful both the Commonwealth of Massachusetts Division of Marine Fisheries and the
Massachusetts Lobstermen’s Association were in from start to finish. I feel that gaining
the trust of the MLA was very effective, as was having the prestigious name of Harvard
attached to my project. It is hard to say if this would go as smoothly for another
individual or group, or if my combined circumstances birthed a successful outcome.

Obtaining homeowner permissions was as easy, but not as pleasant. For this, I
more so took on the role of someone performing a service, such as a groundskeeper or
gardener, in order to negotiate by cause. This made me feel somewhat on edge all time,
worried about disturbing someone, or worried that access would be denied on a day I was
planning on being there. On one particular day, the homeowners were away on vacation,
and they apparently did not tell the house sitter that I would be coming. I came very
close to not being able to complete this survey as I had scheduled. Should I plan on
doing something like this in the future, I would establish a formal schedule from the start
of the project. However, this is not always realistic, as schedules and weather conditions

could potentially demand more flexibility.
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Private Beachfront Ownership

Prior to conducting this thesis research, I had several years of experience
conducting beach cleanups, both on my own and with non-profit organizations. This
gave me a solid background on local laws, and what to expect. Private beach ownership
never occurred to me as a condition that could impact marine debris accumulation. I had
no previously knowledge regarding how much Massachusetts beachfront was privately
owned. The majority of public beaches are maintained by city Departments of Public
Works, the Department of Conservation and Recreation, and by volunteers led by non-
profit organization representation.

In the case of private beachfront ownership, there is no liability on the
homeowner to manage marine debris on their property. While this may not seem like it
should be their responsibility, as in many cases marine debris does not originate from
where it is initially sighted or collected. However, in regards to home and lawn upkeep,
there are areas where zoning laws require a certain standard of upkeep. It should be
made a priority for beachfront to be managed, regardless of it being public or privately
owned. Whether this is arranged by the homeowner, or a coordinated effort with the
town, is something to be considered. If conservation of wildlife and the marine
environment is truly a public and governmental concern, there should be no areas that are
overlooked, or regarded as someone else’s responsibility. The rights of the home owner

should not apply when it poses a threat to environmental stability.

Gauging the Understanding of Policy and Terminology

While working on this project, I was required to reach out to several people
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in order to gain permissions and permits. They confirmed my initial hypothesis that
current laws are overly vague, specifically when it comes to terminology. The definitions
of fishable and debris provided on the permit issued by DMF were easy to understand,
and reasonable. The definitions provided by the Massachusetts Lobstermen’s
Association representative were much more vague, which mirrored the wording of the
actual state regulations. The most concerning interaction was with the lobster fishermen
who started he knew the laws but deliberately disobeyed them. These laws were put in
place to protect those in his profession from theft, yet there are many who openly

disregard them.

Conclusions

The regulations to fisheries instituted by the ALWTRP take an adaptive approach,
using documented marine mammal entanglement case studies to inform modification
decisions. The Plan is designed to evolve, as new evidence regarding entanglement
prevention becomes known (NMFS, 2014). Laws regarding cleanup of lost and
abandoned fishing gear have failed to coincide with relevant factors that directly
contribute to fishing gear becoming marine debris. All concerned parties would likely
benefit from an evolving debris management plan.

Despite the work being done to evaluate entanglement causes and policy efforts to
lessen these occurrences, there has been a failure to combat this issue from all angles.
Until recently, the threat of Right whale extinction has not inspired drastic measures to be
taken. Recent cetacean mortality events have been highly publicized, which has sent this

issue into the spotlight. The recent institution of the Large Whale Seasonal Trap Closure
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in Massachusetts is a sign that policy is moving in the right direction. Overtime, it will
become evident if this closure period has any impact on lessening free floating derelict
lobster gear, as well as cetacean entanglement events. Continued efforts like these could
determine the future of the Northern right whale species.

Based on my experience, I would recommend more individuals and groups
attempt to obtain permits, enabling them to perform further studies and shoreline cleanup
efforts. With increased debris mitigating efforts, trap related marine debris should
decrease. In addition, with increased plastic awareness, and more widespread bans on
disposable plastics, plastic pollution should decrease as well. The only way to determine
if bans, derelict fishing gear management, and other environmentally driven policy are
having the desired outcome is to continually conduct quantitative surveys. Marine debris
monitoring should be handled just as we monitor air pollution or water quality, as it has
the potential to be just as harmful. Unfortunately, monitoring marine debris is
inconvenient, time consuming, and strenuous. These limitations are not reasons to
sacrifice wildlife, habitats, or human health and wellbeing.

In the last few months of writing this thesis, pressures on decision makers has
increased dramatically to take steps to prevent the North Atlantic right whale from going
extinct. 2017 was a critical year from this species, and the lack of calves born in 2018
has been a wakeup call for everyone. Changes to fisheries management strategies, gear
configurations, and boating laws, with the intent to save the right whale have been
changing faster than I can accommodate into my writing. These large changes will
prevent some deaths. However, no changes have been made in terms of derelict trap gear

removal laws.
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