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Executive Summary    
The State of Maine's Environment is a series of reports written by senior environmental 
policy majors at Colby College in Waterville, Maine. The State of Maine's Environment 2014 
is the eighth State of Maine's Environment report created by students enrolled in ES 493: 
Environmental Policy Practicum taught by Philip J. Nyhus, Environmental Studies Program. 
Topics in this report include municipal waste, alternative transportation, islands, coastal and 
island wildlife, and big game. In each chapter, we explore the history and context of the 
topic, evaluate its current state, and conclude with major findings, potential scenarios, and 
policy recommendations. 

In the first chapter of the report, we examine the current state, successes, and challenges of 
Maine’s  waste  management  system  by  looking  at  three  aspects  of  municipal  waste:  landfills  
and incinerators, recycling and composting, and household hazardous waste. We begin by 
explaining the general framework of the waste management system, through waste 
management preferences, regulations, and stakeholders. We then provide recommendations 
on ways in which Maine can reach its fullest potential of waste management programs such 
that new technologies like Waste-to-Energy could divert from the overuse of landfills. 
Additionally, we recommend the collaboration of different compost producers could provide 
farmers with the composted materials for farming use. Finally, we recommend several 
strategies that could increase convenience and frequency of collection of household 
hazardous waste to mitigate improper disposal. We also assess the system through a series of 
scenarios plausible within the municipal waste management system. 

In the second chapter of the report, we assess the state of three modes of alternative 
transportation in Maine: electric vehicles, bicycles, and public transportation. We describe 
the history of each of these modes of transportation, summarize regulations and stakeholders, 
and provide a comprehensive view of the status of each mode of transportation in Maine. We 
find that only 0.06% of Maine vehicle owners drive electric vehicles, only 0.5% of Maine 
commuters travel to work by bicycle, and only 0.8% of Maine commuters use public 
transportation. We analyze the economic, human health, and environmental implications of 
adopting alternative transportation systems in the state, and find that even small-scale 
adoption of these modes of transit can result in significant reductions in transportation-related 
greenhouse gas emissions. Lastly, we recommend that, in order to increase the popularity of 
alternative transportation in Maine, the State Government, local NGOs, and other important 
stakeholders should collaborate to educate Mainers about the benefits of alternative 
transportation,  implement  economic  incentives  and  disincentives,  and  create  a  “complete  
streets”  urban  plan. 
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In the third chapter of the report, we focus on the current state of Maine islands by analyzing 
influential factors including tourism, conservation, lobster fisheries management, and energy. 
We assess each factor individually by providing a history, stakeholders, and laws influential 
to each topic. We examine how these factors impact the islands based on environmental, 
economic, and social aspects. Additionally, we analyze how each topic contributes to the 
overall state of Maine islands. We provide possible future scenarios that are influenced by 
these factors in order to portray how Maine islands may change over time. We recommend 
that for tourism, research that compares the bridged, unbridged, seasonally populated, and 
islands visited by day-trippers with untouched islands is necessary to provide more informed 
policy recommendations. For conservation, we recommend that existing land trusts, such as 
Maine Coast Heritage Trust, increase the amount of conservation easements on the islands 
using  existing  funds  from  Land  for  Maine’s  Future.  We  find  that  the  unbridged  islands’  
lobster industries would benefit from local management through the Island Limited Entry 
Zone Program. We find that community engagement and government support are equally 
important  in  in  providing  cheaper  and  cleaner  energy  for  Maine’s  unbridged  islands. 

In the fourth chapter of this report, we analyze the current state of coastal and island wildlife 
in Maine. The coastal zone of Maine includes the inland line of all coastal towns and 
townships on tide waters and all islands. To begin this assessment, we examined five species-
-Atlantic puffins, green crabs, herring, North Atlantic right whales, and harbor seals--to 
indicate  the  current  threats  and  management  efforts  facing  Maine’s  coastal  wildlife.  Our  
analysis of these five species demonstrated the need for a more ecosystem-based 
management  approach  to  protect  Maine’s  coastal  and  island  wildlife.  By  ignoring  the  state  of  
all species within a habitat, policy decisions can be misguided or unproductive in larger 
ecosystem contexts. We find that the sufficient management of the various species living 
along  Maine’s  3,500  mile-long  coastline  is  essential  to  maintaining  Maine’s  coastal  
biodiversity  and  community  livelihood.  In  2013,  Maine’s  coastal  municipalities  employed  
55%  of  the  state’s  workforce  and  60%  of  the  state’s  GDP.  In  order  to  sustain  such  
livelihoods,  it  is  crucial  to  closely  monitor  the  status  of  Maine’s  coastal  habitats  and  the  
wildlife they comprise.  

In the fifth chapter of the report, we assess the state of three big game species in Maine: the 
black bear, the moose, and the whitetail deer. We describe the history of management for 
each species, identify pertinent legislation and stakeholders, and provide a detailed summary 
of  the  current  status  of  the  three  species.  We  analyze  Maine’s  current  big  game  management 
strategies, assess the strengths and weaknesses of each approach, and highlight the various 
issues and conflicts that inform policy decisions relating to these three species. We discuss 
the economic, social, and environmental implications of existing big game populations and 
subsequent management efforts in Maine. Finally, we provide several recommendations that 
detail the various ways in which Maine could improve existing management approaches and 
establish a more comprehensive, integrated, and effective management plan.
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Introduction 
The State  of  Maine’s  Environment  2014 was written by the Colby Environmental Policy 
Group, senior Environmental Policy majors at Colby College in Waterville, Maine. This is 
the eighth report since the series was launched in 2004.  Each State of Maine report addresses 
several timely environmental topics important to Maine. The five chapters covered in this 
report are the states of municipal waste, alternative transportation, islands of Maine, island 
and coastal wildlife, and big game species. 

We collected data by conducting literature reviews and interviewing key stakeholders. We 
also communicated with scholars and practitioners in Maine and in other New England states 
via email and telephone.  We used Geographic Information Systems (GIS) tools to analyze 
and map relevant spatial data. 

Each chapter of this report follows a similar outline. For each chapter we provide an 
introduction and describe the historical context; identify and describe relevant laws, 
institutions, and key stakeholders; and then analyze the current state of the topic in Maine. 
We discuss the implications of our findings and make conclusions and targeted 
recommendations.  Many chapters also provide illustrative scenarios to describe a range of 
possible futures. 

In  Chapter  1,  “The  State  of  Municipal  Waste,”  we  assess  current  trends  of  waste  generation,  
by examining landfills and incinerators, recycling and composting, and household hazardous 
waste. The disposal of household municipal waste is currently a growing challenge in the 
state due to declining landfill space and environmental pollution. In 2012, Maine generated 
over 1.3 million tons of municipal solid waste, yet only 39.46% of this waste was recycled 
and composted (MDEP, 2012; NRCM, 2014). Additionally, the waste generated in 2012 
included over 20 million pounds of hazardous waste (MDEP, 2012).  In this chapter, we 
analyze  the  capacity  and  effectiveness  of  Maine’s  waste  management  policies  in  reducing  
environmental and public health costs. Drawing from our analysis and examples for other 
countries, we develop recommendations on how Maine can lower waste disposed in landfills 
by improving its recycling, safe waste disposal rates, and considering different waste 
treatment technologies.  

In  Chapter  2,  “The  State  of  Alternative  Transportation,”  we  assess  three  modes  of  alternative  
transportation available in Maine: electric vehicles, bicycles, and public transportation. 
Transportation is a major driver of energy use in the state.  Anthropogenic greenhouse gas 
(GHG) emissions are one of the primary contributors to climate change, and 28% of the US 
GHG emissions come from the transportation sector (USEPA, 2014). In this chapter, we 
analyze the current status and barriers to the adoption of these alternative forms of 
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transportation as well as the economic, human health, and environmental implications of 
adopting alternative transportation systems in the state. 

In  Chapter  3,  “The  State  of  Maine  Islands,”  we  explore  the  environmental,  social,  and  
economic importance of tourism, conservation, lobster management, and energy on the 
islands of Maine. Maine is known for its distinctive coastline and many islands. There are 
approximately 4,000 islands along the coast of Maine, more than on the entire Eastern 
Seaboard (Conkling, 1999). Of these, 15 are unbridged islands that support year-round 
residential populations (The Island Institute, 2014). In this chapter, we assess the state of the 
each of these subjects individually, but provide future scenarios and policy recommendations 
that connect these topics to form a comprehensive conclusion.   

In  Chapter  4,  “The  State  of  Coastal  and  Island  Wildlife,”  we  examine  the  current  threats  
facing  Maine’s  unique  coastal  wildlife.  Maine is the only state entirely located within the 
Gulf of Maine and its coastline is one of the most biologically productive ecosystems in the 
world  (USFWS,  2005).  The  diverse  wildlife  found  in  Maine’s  coastal  habitats,  however,  
faces a growing number of threats, including warmer water temperatures due to climate 
change and invasive species (Dawicki, 2012; Nault, 2014). In this chapter, we use indicator 
species to assess the state of the coastal zone and analyze the current management strategies 
and policies used to protect the critical habitats in which these native species live. By 
dividing the coastal zone into four distinct habitats, we examine the complexities of the 
coastal marine ecosystem and offer specific policy recommendations to promote its 
protection. 

In  Chapter  5,  “The  State  of  Big  Game,”  we  assess and analyze the current status of these 
three big game species in the state of Maine. Big game species are important to both the 
people and the natural environment of Maine, specifically for recreational and economic 
reasons. Revenue from deer, bear, and moose hunting alone add more than $175 million per 
year  to  the  state’s  economy  (MOT  &  MDIFW,  2014).  In  this  chapter,  we investigate how big 
game species are managed; pinpoint pertinent human-wildlife conflicts; and describe the 
political, economic, and social  influences  affecting  the  three  species.  As  icons  of  Maine’s  
forests, big game species are among the top priorities for conservation efforts. These animals 
require robust and detailed management practices in order to ensure their continued success. 
We suggest various ways to improve deer, bear, and moose management in Maine so that the 
state can continue to reap the benefits of big game species in the future.  
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The State of Municipal Solid Waste in Maine 
Nomawethu Moyo, Devki Rana, and Cassandra Smith 

Executive Summary 
“The  State  of  Maine's  Municipal  Solid  Waste  2014"  is  the  first  chapter  in The State of 
Maine's Environment 2014, a report produced by the Environmental Policy Group in the 
Environmental Studies Department at Colby College in Waterville, Maine.  

In this chapter of the report, we examine the historical trends and current state of three solid 
waste sectors: disposal facilities, recycling and composting, and hazardous household waste 
(HHW). These three sectors act as indicators of the effectiveness  of  the  Maine’s  waste  
management framework in reducing and safely disposing solid waste. The disposal of 
municipal solid waste (MSW) is currently a growing challenge in Maine due to declining 
landfill space and environmental pollution. In 2012, Maine generated over 1.3 million tons of 
MSW, yet only 39.46% of this waste was recycled and composted (Maine DEP, 2014g). 
Additionally, in 2012 over 20 million pounds of hazardous waste was landfilled, and 40% of 
landfilled waste was compostable (Maine DEP, 2014c). Our research suggests that Maine is 
not strictly abiding by its waste management hierarchy, as the state is heavily dependent on 
landfills and the three remaining state-owned incinerators. Maine has not met its 50% 
recycling  target  set  in  1989,  but  the  state’s  2012  recycling  rate  falls  in  the  upper  quartile  of  
recycling rates in the US. Using a sample of 50 Maine towns, our research finds that 
municipal policies like Zero-Sort recycling and Pay-As-You-Throw enhance recycling 
tonnage in Maine. From 1991 to 2009, Maine has adopted five product stewardship programs 
for HHW, but has still not met its recovery goals. Drawing from our analysis, we recommend 
that Maine should develop an integrated composting framework, adopt Pay-As-You-Throw 
and recycling education, invest in innovative waste conversion technologies, and increase 
HHW take-back programs. By adopting these recommendations, Maine has the potential to 
lower waste disposed in landfills while reducing environmental and public health costs. 

Introduction 
The disposal of municipal solid waste (MSW) is currently a growing challenge in Maine due 
to declining landfill space, high disposal costs, and risks to public and environmental health. 
In 2012, according to the Maine DEP, the state generated over 1.3 million tons of MSW, yet 
only 39.46% of this waste was recycled and composted (Maine DEP, 2014g). Additionally in 
2012, 60% of waste generated had the potential to be recycled or composted including over 
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20 million pounds of household hazardous waste (HHW), but instead these products ended 
up in landfills and incinerators (NRCM, 2014a)  

“The  State  of  Maine's  Municipal  Solid  Waste  2014"  is  the  first  chapter  in The State of 
Maine's Environment 2014; we assess current trends of waste generation, by examining three 
components of the waste management system in Maine. These three components are: 
incinerators and landfills, recycling and composting, and HHW. Together these components 
act as indicators of the entire waste management framework through which we can 
investigate the current state of municipal solid waste (MSW) in Maine. Throughout this 
report, we use the EPA definition of MSW that includes everyday materials from households, 
schools, hospitals, and businesses (EPA, 2012b). We also use the Census Bureau to define a 
municipality as a political subdivision of a state within which there is an administrative local 
government for a defined city, town, village, or a borough (Census Bureau, n.d.).  

In 2011, the University of Maine conducted a study of the types of solid waste produced by 
Maine residents. Below, Figure 1.1 shows the percentages of MSW by material type disposed 
by Maine residents.  

 

Figure 1.1 This figure shows the composition of MSW in Maine (Criner & Blackmer, 
2012)   

Objectives 
In this report, we first examine Municipal Solid Waste Landfills and Municipal Waste 
Combustors (MWCs) otherwise known as Waste to Energy Facilities (WTE) to evaluate the 
top two methods of waste disposal used in Maine. Second, we investigated the changes in 
Maine’s  recycling  rates  over  the  past  two  decades  and  the  policies  that  affect  recycling  and  
composting at the municipal level. Third, we examine the handling of products listed as 
household hazardous waste (HHW) and universal waste in Maine. We specifically focus on 
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the sale and disposal methods of five common household products: batteries, electronic 
devices, mercury-thermostats, mercury-added lamps, and prescription drugs. Through these 
three categories, we analyze the effectiveness of current laws and policies on recycling rates 
and safe waste disposal. We conclude with scenarios and recommendations for the future of 
waste management in Maine.  

Methods 
In this report, we conducted an extensive literature review and analyzed the 2013 annual 
solid waste management municipality reports provided by the Maine Department of 
Environmental Protection (DEP) to assess the current state of municipal solid waste (MSW) 
in Maine. A literature review of independent waste studies, newspaper articles, along with 
reports from private companies, the Maine DEP, the Environmental Protection Agency 
(EPA), and the Natural Resources Council of Maine (NRCM) informed us about waste 
generation trends and current challenges in waste management in Maine. Municipality 
reports and unpublished Maine DEP spreadsheets informed us about policies that influence 
waste management, the amount of waste generated, recycling rates, and how the town 
handles waste. In addition, individual landfill reports submitted to the DEP between 2010 
and 2013 provided data about waste disposal and landfill capacity. 

We also analyzed the impact of five municipal policies on recycling at the municipal level. 
We selected municipalities that submitted reports as individual towns, which led us to a 
sample of 50 municipalities (Appendix 1A). The 50 municipalities in the sample were the 
only towns that had reported their recycling rates and information regarding recycling and 
composting policies. Using a confidence level of 95%, we performed 2-sample t-tests with 
unequal variance using STATA 13 to verify whether the mean recycling rates of 
municipalities with the policies were significantly different from municipalities without the 
policies. Since our sample size is small, 50 out of nearly 500 towns, our findings are most 
relevant to the municipalities whose data we used. Nonetheless, our results are to some extent 
applicable to most of Maine because the towns in the sample are spread over all 16 counties. 

Finally, we used Microsoft Excel to make tables and figures that summarize our findings 
about the current state of municipal waste. We also used ArcMap version 10.2.2 (Geographic 
Information System software) to examine the spatial distribution of waste-specific collection 
sites, municipal compost facilities, and landfill distribution. 

Laws and Regulations 
A variety of federal and state laws regulate different aspects of waste management in Maine. 
One of the most important overarching federal laws is The Resource, Conservation, and 
Recovery Act (RCRA), which deals with the disposal of hazardous waste and sets a 
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framework for the management of non-hazardous solid wastes across the US (42 USC 
§6901). RCRA motivated the creation of state-level  laws  like  Maine’s  Title 38: Waters and 
Navigation, which tackles waste management in various chapters (Table 1.1).  

At  the  state  level,  chapters  in  Maine’s  Title 38 address the location and operation of landfills 
and incinerators in order to protect Maine from environmental degradation and drive 
technological  innovation  for  waste  handling  systems.  Chapters  21  and  22  require  Maine’s  
Department of Environmental Protection (DEP) to mandate waste reduction goals and 
provide waste disposal guidance to municipalities. In turn, the Maine DEP requires 
municipalities to provide waste disposal services to households and businesses (38 MRS 
§2133). In terms of household hazardous waste (HHW), there are product stewardship laws 
targeting industry and manufacturers as a way of ensuring safe waste disposal and higher 
recycling of electronic waste (e-waste), mercury-thermostats, mercury-added lamps, and 
batteries. In addition to regulations under Title 38, there is also the Bottle Bill (32 MRS 
§1861) and the Unused Pharmaceutical Disposal Program (22 MRS §2700), which regulate 
the recovery of beverage containers and unused pharmaceutical drugs respectively. Overall, 
the effect of federal laws cascades down to states, then municipalities, and splits the 
responsibility of managing waste in Maine between the state government, municipalities, and 
the private sector. 

Key Characteristics of Waste Management Laws 

The Maine Department of Environmental Protection (DEP) is responsible for licensing and 
monitoring  Maine’s  solid waste facilities; these facilities include landfills, incinerators, waste 
transfer stations, special waste sites, and recycling and composting operations. The general 
provisions of the Solid Waste Management Rules of the DEP requires the design of these 
facilities to prevent the contamination of, any water in the state, ambient air, and also prevent 
health hazards (EPA, 2013c). Each solid waste disposal facility must also adhere to the 
additional solid waste requirements as mandated by the DEP: public benefit, recycling and 
source reduction, host community benefits, liability insurance, and financial 
assurance (Maine DEP, 2014e).  In  addition  to  following  the  DEP’s  general  provisions,  the  
State of Maine adheres to the Environmental Protection Agency (EPA) Solid Waste 
Management Hierarchy (38 MRS § 2101, Figure 1.2)(Maine DEP, 2010, 2014e, 2014g). The 
Solid Waste Management Hierarchy (38 MRS §2101) sets the priorities in how we handle 
and process municipal solid waste (MSW). The hierarchy is as follows: (1) source reduction, 
(2) reuse, (3) recycle, (4) compost, (5) volume reduction, and (6) land disposal. This shows 
the  nation’s  commitment  towards  innovative  waste  management  technologies. 
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Table 1.1 Federal laws applicable to waste management systems in Maine 

Law Year Description Location 

Controlled 
Substances Act 1973 

Regulates the use, importation, manufacture, 
distribution, possession and improper use of 
specific substances as determined by the 
Drug Enforcement Agency (DEA) and the 
Food and Drug Administration (FDA) through 
five schedules; and provides a take-back 
disposal option for prescription drugs through 
the Secure and Responsible Drug Disposal 
amendment 

21 USC §801 

Source 
Separation for 
Materials 
Recovery 
Guidelines 

1976 

Mandates the EPA to create guidelines for 
solid waste disposal, regulations for 
hazardous waste management, and 
consequentially, guidance for measuring 
recycling 

40 USC §246 

The 
Comprehensive 
Environmental 
Response, 
Compensation, 
and Liability Act 
(CERCLA)  

1980 
Places liability and responsibility on the 
homeowner to properly dispose of hazardous 
materials 

42 USC 
§9607(a)  

National Ambient 
Air Quality 
Standards 
(NAAQS)  

1990 
Sets standards for six air pollutants 
considered harmful to public health and the 
environment 

42 USC §7409 

Clean Air Act 
(CAA)  

1990 
Requires the EPA to establish new source 
performance standards and emissions 
standards for existing units 

42 USC §7429 

Resource 
Conservation and 
Recovery Act 
(RCRA)  

1991 
Establishes standards for landfill locations, 
liner requirements, removal systems, and 
groundwater monitoring 

42 USC §6907 

Mercury-
Containing and 
Rechargeable 
Batteries 
Management Act 

1996 

Establishes a program to phase out mercury-
containing batteries and provide an efficient 
and cost-effective collection, recycling, or 
proper disposal of nickel-cadmium batteries, 
small sealed batteries, and small sealed 
lead-acid batteries 

42 USC 
§14301 
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Table 2.2 State laws applicable to waste management systems in Maine 
Law Year Description Location 

Maine 
Hazardous 
Waste, 
Septage, and 
Solid Waste 
Management 
Act 

1973 
Establishes an integrated approach on 
hazardous and solid waste management to 
protect the health of the land and citizens 

38 MRS 
§1300  

Maine 
Returnable 
Beverage 
Container Law 

1976 

Regulates the Bottle Bill to reduce litter and 
solid waste generation, creates incentives for 
recycling and reuse through a beverage 
container deposit program 

32 MRS 
§1861 
 

Solid Waste 
Management 
Hierarchy  

1989 Ranks how waste should be disposed in order 
of priority 

38 MRS 
§2101  

State Goals 1989 

Sets and revises the state goal to recycle or 
compost 50% of the municipal solid waste 
generated annually within the state by 
January 1, 2014  

38 MRS  
§2132 

Regulation of 
Certain Dry-
Cell Batteries 

1991 
Requires dry-cell battery manufacturers to 
create a collection system for rechargeable 
batteries 

38 MRS 
§2165 

Municipal 
Recycling 1989 

Clarifies that municipalities are not required to 
meet the 50% recycling target, but that they 
must demonstrate reasonable progress 
(determined by DEP) toward the goal 

38 MRS  
§2133 

State 
Government 
Recycling and 
Waste 
Reduction 

1995 

Assesses existing programs and develops 
new programs for recycling to reduce state 
waste. Requires all University of Maine 
campuses to establish leaf composting and 
recycling programs to reduce campus waste 

38 MRS 
§2137 

Incinerator 
Particulate 
Emission 
Standard 

1996 

Limits the amount of particulate matter 
emitted from all categories of incineration; 
limits the opacity of emissions from all 
incinerators 

38 MRS §585, 
585-A 

Mercury-added 
Products and 
Services 

2001 

Restricts the sale or distribution of mercury-
added and mercuric oxide button cell 
batteries and two mercury-containing 
batteries (alkaline manganese and zinc-
carbon); establishes a collection and recycling 
site for mercury-thermostats, providing a 
minimal financial incentive of $5; and bans 

38 MRS 
§1661-B, 
1661-C, 1663, 
1665 
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landfill disposal of mercury-added products 

Product 
Stewardship 2009 

Creates a program in which producers and 
manufacturers take responsibility for the end-
of-life management of their specific products 

38 MRS 
§1771-1776 

Mercury-added 
Lamps 2009 

Requires manufacturers of mercury-added 
lamps sold after 2001 to create a cost-
effective recycling and disposal program 

38 MRS  
§1672 

Landfill siting, 
design, and 
operation 

2010 Establishes DEP requirements for the siting, 
design, and operation of landfills 

38 MRS §480-
B 

Solid Waste 
Management 
and Disposal 
Capacity 
Report  

2011 

Requires the DEP to analyze and plan for the 
management, reduction and recycling of solid 
waste for the state-based on the priorities and 
recycling goals established in sections 2101 
and 2132 

38 MRS 
§2124-A 

Unused 
Pharmaceutical 
Disposal 
Program 

2013 
Establishes a program that safely, efficiently, 
and properly disposes of unwanted or unused 
prescription drugs 

22 MRS 
§2700 

Maine Solid 
Waste 
Management 
Rules: 
Composting 
Facilities 

2014 

Regulates the design, siting, and monitoring 
of new and operational composting facilities 
excluding certain agricultural composting 
operations and the composting of small 
amounts of leaf yard and food waste 

410 MRS §06-
096 

 

There are federal laws that target the recycling of specific nuisance wastes, and the recycling 
of high-grade paper, newspapers, and corrugated cardboard by federal facilities that generate 
high volumes of waste (40 USC §246). Federal law also mandates the Environmental 
Protection Agency (EPA) to create guidelines for solid waste disposal, regulations for 
hazardous waste management, and consequently, guidance for measuring recycling (40 USC 
§246). However, there are no federal laws that explicitly mandate the recycling of non-
hazardous waste in the US; this task is left to the jurisdiction of the states.  

After the enactment of RCRA, Maine, in 1989, initially set a non-statutory goal to recycle or 
compost 50% of its municipal solid waste (MSW) by 1998 (38 MRS §2132). The State goal 
was revised thrice, in 2001, 2005, and 2011 to postpone the deadline each time (38 
MRS§2132). The Maine DEP is also expected to design and implement a strategy to 
encourage public recycling programs to reach maximum feasible levels of recycling towards 
the 50% goal, yet it is unclear how the DEP actually does this beyond collecting data (38 
MRS §2133).  
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In this same year 1989, Maine also banned the creation of new commercial landfills and 
began a process of landfill remediation and closure (Maine DEP, 2012a). The Maine DEP in 
the Bureau of Remediation and Waste Management established the Solid Waste Landfill 
Closure and Remediation Program within the DEP. Under this program, 397 unlined landfills 
were closed, but the program ran out of money before completing its goals(Maine DEP, 
2012a, 2014a). This program coincided with the increased RCRA and DEP siting and 
management requirements allowing Maine to better handle waste and public health threats 
from landfills (Maine DEP, 2010, 2014a).  

 

Figure 1.2 This figure shows the waste management hierarchy in Maine (Maine 
DEP, 2014) 

To adequately manage and control the collection, processing, and handling of household 
hazardous waste (HHW), Maine, along with 31 other states, have enacted The Product 
Stewardship Framework Law (38 MRS §1771-1776; Maine DEP, 2014). This framework 
creates general regulations and affirms product-specific programs that focus on the recycling 
and safe disposal of HHW (Maine DEP, 2014). These product stewardship programs manage 
specific  products’  manufacture,  use,  and  end-of-life management by splitting responsibility 
amongst manufacturers, importers, retailers, government officials, and consumers to lessen 
the toxic impacts to human health and the environment (Cassel, 2008). From 1991-2009, 
Maine has enacted five product-specific stewardship programs for: dry mercuric oxide and 
rechargeable batteries, mercury auto switches, electronic waste, mercury thermostats, and 
mercury-added lamps (Maine DEP, 2014). A specific product stewardship recycling program 
was also created for cell phones. Some non-profit organizations voluntarily facilitate the 
management and collection for some HHW products. In addition, Maine plans to adopt a 
product stewardship program for paint in 2015 (Maine DEP, 2014). Four out of the five 
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HHW products discussed in this report fall under the Product Stewardship Law: electronic 
devices, batteries, mercury-thermostats, mercury-added lamps (Appendix 1C). 

Stakeholders 
Three  types  of  stakeholders  comprise  Maine’s  waste  management:  governmental  agencies,  
the public, and the private sector. Important governmental stakeholders include the federal 
Environmental Protection Agency (EPA) and the Maine Department of Environmental 
Protection (DEP). Other public stakeholders include residents, and municipalities. The 
Private sector includes industry, private companies, non-profits, and non-governmental 
organizations (NGOs).  

Federal Agencies 
Federal agencies set regulations and guidelines on solid waste disposal, recycling, and 
hazardous waste disposal. Agencies such as the EPA are responsible for the state level 
implementation of federal laws, environmental standards, and state-level contributions to 
overall national environmental degradation. Similarly, federal agencies such as the Drug 
Enforcement Agency (DEA) and the Food and Drug Administration (FDA) are responsible 
for handling regulations pertaining to prescription drugs.  

State Agencies 
Specific state agencies provide guidance and implementation plans for waste management. 
These agencies specifically set state goals and delegate waste disposal services to 
municipalities. Agencies such as the Maine DEP and the EPA are responsible for the 
licensing  and  monitoring  of  Maine’s  solid  waste  facilities  and  transfer  stations,  as  well  as  
regulating various management programs.  

Municipalities  
Municipalities are entirely responsible for the management of waste disposal. They are 
required to provide waste disposal and recycling services to households and businesses, and 
provide waste reduction and safe waste disposal education to all their residents.  

The Public 
Maine residents are responsible for the generation of waste, are affected by implemented 
municipal policies, and invest in the future success of waste management. Residents bear the 
costs of waste disposal and recycling through direct payments or through taxes. Their actions 
are also very important to the waste management systems, as their household behavior affects 
waste generation and disposal.  
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The Private Sector 
Privately-owned companies within the waste management system adhere to Maine 
regulations and provide waste collection services to residents. By providing these services, 
these companies are able to determine costs of waste disposal and recycling to either 
residents or municipalities. Maine Waste-To-Energy facilities have the ability to potentially 
lobby in favor of incineration efforts, and can also influence public opinion of incineration 
through the distribution of reports in favor of this technology. Local farmers are able to 
control the market for compost and are capable of initiating composting programs. This 
influences participations in recycling programs. A few key stakeholders of the private sector 
in Maine are briefly described below.  

x Casella Resource Solutions provides curbside pick-up of waste and recyclables 
through municipality or household contracts and offers single-stream recycling and 
harvests methane gas from landfills.  

x ecomaine is owned by 20 Maine municipalities (ecomaine, n.d.) This company 
provides single-stream recycling for its 20 owners and an additional 26 contracted 
communities.  ecomaine often conducts community outreach programs to promote 
waste reduction and influences waste disposal costs. ecomaine also has a Waste-To-
Energy facility that incinerates waste and provides energy to a limited number of 
municipalities 

x WasteZero partners with municipalities to deliver waste reduction programs like Pay-
As-You-Throw (PAYT) that transfer waste disposal costs to residents. Through 
PAYT, WasteZero is affects waste disposal costs.  

NGOs 
NGOs partner with municipalities or residents to help manage and facilitate waste 
management system and its programs as determined by the State. For example, The Natural 
Resources Council of Maine (NRCM) promotes voluntary action and public perceptions of 
proper waste management. NRCM focuses on raising awareness on waste management 
issues that exist throughout Maine communities (NRCM, 2014).  

Specific in HHW management, NGOs voluntarily facilitate the product-specific stewardship 
management programs. The following organizations are examples of some organizations that 
are involved in the management of household hazardous waste: Call2Recycle, Efficiency 
Maine, Thermostat Recycling Corporation, and National Electric Manufacturers Association. 
These organizations take on responsibility to deal with logistics of management such as 
determining collection sites and compiling annual data. They also have potential to change 
governmental action in terms of product stewardship management through their consistent 
monitoring and documenting of rates and transfer stations in-take as well as through 
conducting studies on household behaviors and attitudes towards product-specific recycling. 



State  of  Maine’s  Environment  2014 

15 
 

Industry 
Manufacturers of HHW products are primarily important as a stakeholder in the waste 
management system because of the responsibility some attain through the product 
stewardship program. The program requires these manufacturers to establish a balance with 
the  government  on  selling  and  distributing  their  products,  managing  their  products’  end-of-
life (when a product can no longer be used), and providing the necessary funds for recycling 
programs. Manufactures also have lobbying potential that can either affect the waste 
management programs positively or negatively depending on the specific industry. Positive 
influences could result from manufacturers  agreeing  to  monitor  products’  end-of-life 
management and negative influences could result from resistance to deal with collection and 
recycling.  

Incineration facilities are also an important stakeholder in the waste management system 
because of the economic and environmental impact they have on other stakeholders in Maine 
waste management (Criner, 2013; Duchesne, 2013; Gabe, 2011, 2013; Williams, 2011). 
These disposal facilities provide jobs to Maine residents, as well as keep waste from ending 
up in landfills. However, incineration facilities are contributors to the creation of renewable 
energy in Maine, while also affecting public and environmental health impacts.  

State of the Municipal Solid Waste 
In order to investigate the current state of municipal solid waste in Maine, we focus on three 
areas of the management system: disposal facilities (landfills and incinerators), recycling and 
composting, and recycling and safe disposal of household hazardous waste (HHW).  

Disposal Facilities 

In  this  section,  we  address  trends  in  MSW  in  Maine,  the  state’s  management  plan,  
environmental and public health concerns, and the current state of incinerators and landfills.  

State Waste Trends 
Historically, waste generation and management trends in Maine have reflected national waste 
trends. The 1980s and 1990s were pivotal for solid waste management in both the state and 
the nation (Williams, 2011). Prior to 1988, many municipalities in Maine and across the 
country stored their waste in unlined landfills (Maine DEP, 2012a). At this time in Maine, 
both the Department of Environmental Protection (DEP) Solid Waste Program and Subtitle D 
of the Resource Conservation and Recovery Act (RCRA) established stricter regulations for 
the construction of solid waste holding facilities at the same time recycling programs and 
incinerator technology were gaining popularity (Maine DEP, 2012a; Williams, 2011). In this 
time period, many landfills were closing down all over Maine. Between 1989 and 2000, the 
DEP’s  Closure  and  Remediation  program  provided  $79  million  to  municipalities  to  close  
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down improper landfills (Maine DEP, 2012a). This resulted in the closure of 397 unlined 
landfills in Maine alone and around 10,000 nationally (Biocycle, 2010; Maine DEP, 2012a; 
Williams, 2011). In Maine, the closure of landfills was due to three compounding factors: (1) 
increased standards from both RCRA and the DEP, (2) increased money from both RCRA 
and DEP, and (3) rising cost of waste due to these increased standards (EPA, 2014b; Maine 
DEP, 2012a).  

Maine currently has some of the highest landfill tipping fees both regionally and nationally 
ranging anywhere from $35-$85 (Biocycle, 2010; Williams, 2011). On average, the 
Northeast has the highest tipping fees in the nation, and Maine has the second highest tipping 
fee in New England after Vermont (Biocycle, 2010; Williams, 2011). Proponents of Waste to 
Energy (WTE) technology have noted that states with higher landfill tipping fees have more 
success with WTE implementation(Williams, 2011). 

WTE facilities, specifically incinerators or municipal waste combustors (MWC), have had a 
rocky history both nationally and within the state. Overall, according to the EPA, nine 
different categories of combustion facilities in the US: large MWCs, small MWCs, 
hospital/medical/infectious waste incinerators, hazardous waste incinerators, commercial and 
industrial incinerators, solid waste incinerators, sewage sludge incinerators, hazardous waste 
and manufacturing waste incinerators, boilers and industrial furnaces, and industrial, 
commercial, and institutional boilers (EPA, 2013b, 2013c). Maine however, has only one 
category of combustion unit, small MWC (Figure 1.3). 

In the state, there are three units remaining after Maine Energy Recovery Company (MERC) 
in Biddeford closed, these are: ecomaine in Portland, Mid-Maine Waste Action Corporation 
(MMWAC) in Auburn, and Penobscot Energy Company (PERC) in Orrington (Figure 1.3). 
(Duchesne, 2013; EPA, 2013b, 2013c; Gabe, 2013). The closure of MERC marked a turning 
point for WTE facilities in Maine. All of these facilities currently generate, electricity using 
MSW and commercial waste, and before the closure of MERC processed 75% of the MSW 
in Maine (Duchesne, 2013). The MERC incinerator was in downtown Biddeford, and 
according to both Toxic Action Center in Maine and the Portland Press Herald, MERC was 
shut down due to emissions violations, truck traffic, odor, and public health and 
environmental impacts, including contaminated soils with dioxins and polychlorinated 
biphenyls(Center, 2012; Graham, 2012). Very little new data has surfaced after the closure of 
MERC. In 2011, Maine was ranked 11th nationally  in  terms  of  “trash  capacity”  incineration  
per day, and Maine is one of 25 states that defines WTE as a renewable energy source (Gabe, 
2013; Williams, 2011).  
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Figure 1.3 This visual representation shows the locations of incinerations facilities 
and landfills in Maine by county with their size correlated to their remaining landfill 
capacity (DEP, 2010-2013). 
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Overall, the Maine DEP 2010 data shows that Maine residents generated less MSW per 
person than any other New England states, and historically, Maine has seen positive 
association with the economy and waste disposal (Figure 1.4) (Maine DEP, 2012a, 2012b). 
When the economy is doing well, people generally create more MSW. However, Maine 
currently has only 67% of the projected needed landfill capacity for the next 20 years 
constructed(Maine DEP, 2012b). There is concern that the declining landfill capacity will 
cause the already high waste costs to increase. Over the last four years, however, Maine has 
experienced downward trends in the production of MSW, from 755,086 tons in 2008 to 
713,713 tons in 2012 (Maine DEP, 2012). In 2010, the average Maine resident generated and 
disposed 0.56 tons (1,074 pounds) per person (Figure 1.4). These numbers are aligned with 
the state waste reduction goals, but as shown in Figure 1.5, much of what ends up in landfills 
has the potential to be recycled or composted(Maine DEP, 2014g).  

 

 

Figure 1.4 This figure shows the 2010 amount of waste generated in tons per capita 
(Maine DEP, 2012b). 
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Figure 1.5 This figure shows the composition of disposed MSW in Maine that ends 
up in landfills (Maine DEP, 2013e) 

2014 Maine Waste Management Plan 
Every five years, the Maine DEP is responsible for generating a ‘Maine  Solid  Waste  and  
Recycling  Plan’ in accordance with 38 MRS §2122; which directs municipalities in waste 
management and recycling planning (Maine DEP, 2012). Each plan guides programs at a 
state, regional, and local level, as well as identifies trends and changes in municipal solid 
waste (MSW), incorporates disposal technologies, and identifies new waste generating 
factors that may affect waste management. The DEP views this Plan as a way to support the 
Solid Waste Management Hierarchy (Figure 1.2) (Maine DEP, 2014d). 

Both the EPA and the Maine DEP use a Solid Waste Management Hierarchy to guide 
municipal waste policy (Figure 1.2). At the top of the hierarchy, we see the prioritized and 
preferred waste handling efforts: waste reduction, reuse, and recycling. The hierarchy place 
composting next, which is often in conjunction with recycling efforts and the last two and 
least preferred methods of disposal are volume reduction and landfilling. Volume reduction 
often includes waste conversion technologies and incineration. We see that even though both 
landfilling and volume reduction are the least preferred methods of disposal, they are the 
most used both nationally and within the state.  

The 2014 Plan outlines the priorities for sustainable materials management for years 2014-
2018: (1) enabling the development of innovative technological development (including 
separation of waste stream and utilization of organics) (2) promoting increased beneficial use 
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and recycling of materials (including identification of incentives and removal of unnecessary 
barriers) (3) supplying tools to municipalities and businesses in support of waste reduction 
and diversion effects, and (4) refining data sources and data management systems to assess 
progress toward statewide reduction and recycling goals, and to evaluate the effectiveness of 
programs (Maine DEP, 2012b) 

Each of these priorities has specific strategies and actions outlined to help guide 
municipalities and businesses  in  the  implementation  of  Maine’s  desired  waste  management  
visions. In addition to this Plan, Maine has statutory goals for waste reduction (38 MRS § 
2132),  which  specifically  focus  on  MSW    “[The  State]  sets  a  State  goal  of  reducing  the  
biennial generation of municipal solid waste tonnage by 5% beginning January 1, 2009 and 
by an additional 5% every subsequent  2  years  (38  MRS  §  2122).”  To  aid  in  the  achievement  
of the goal, the Plan provides details about new waste conversion technologies that if 
developed would further divert materials from current disposal facilities (Maine DEP, 
2012b). 

Determination of Public Benefit 
As evidenced by the closure of the MERC, public opposition can influence factors on the 
success or failure of a disposal facility. The Commissioner of the Maine DEP must determine 
a substantial Public Benefit before a company may submit an application for a license to 
build a new or expanded facility. In order to receive a Determination of Public Benefit from 
the Commissioner, the applicant must demonstrate that the proposed facility meets 
immediate, short term, or long-term capacity needs of the state. Immediate needs are defined 
as within three years, short-term as over the next five years, and the long-term as within the 
following ten years. The proposed facility must align with the state solid waste management 
hierarchy (Figure 1.2) and not inconsistent with local, regional, or state waste collection, 
storage, transportation, processing, or disposal. Lastly, the proposed facility can only accept 
out of state waste if it is impossible to meet the operational standards otherwise. Operational 
standards are a minimum capacity a facility must take in to remain operational. Maine does 
not wish to be a site for out of state waste and maintains that the public should benefit from 
the handling of waste in the state (Maine DEP, 2014f). In creating these standards, the DEP 
makes it more challenging for Maine to be a regional collector of waste.  

The Commissioner determines Public Benefit by considering: (1) the application and 
supporting documents, (2) the State plan, (3) other relevant written information, and (4) 
public comments made to the Department at the mandatory public meeting and during 
application processing. One of the largest components of determining Public Benefit comes 
from the mandatory public meeting. This gives the public some power in determining which 
facilities are built and where. Written comments from the public are accepted until the 
Commissioner makes a decision. The Commissioner must hold a public meeting in the area 
of  the  proposed  facility  to  take  public  comments.  The  DEP’s  Board  of  Environmental  
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Protection  does  not  have  absolute  authority  for  decision;;  the  Commissioner’s  decision may 
be appealed to the Board. Maine allows the public to be involved in the decision-making 
processes of incinerators and landfills (Maine DEP, 2014e, 2014f).  

Incinerators 
Incinerators or MWC facilities are the fifth prioritized method of disposal in the state of 
Maine according to the waste management hierarchy (Figure 1.2) (EPA, 2013a). MWCs help 
reduce the rate at which landfill space is used and have served over 290 municipalities in 
Maine (Duchesne, 2013). Combustion is favored over landfilling both nationally and within 
the state according to the waste management hierarchy and accounts for 0.4% of the total US 
power generation and about 12% of waste processing (Biocycle, 2010; Williams, 2011). The 
ability of these facilities to reduce the volume of MSW by about 90% and the weight by 
75%, as well as utilize the heat to generate electricity makes these facilities more desirable 
than landfills in some respects (Duchesne, 2013). Over the years, Maine incinerators have 
processed over 16 million tons of MSW, equating to about 12 million tons of unprocessed 
waste(Duchesne, 2013; Gabe, 2013). Not all states in the US have MWCs or waste 
conversion facilities. Maine is one of 37 states, including the District of Columbia, to have 
incineration facilities and one of 25 states with incineration facilities that define incineration 
as renewable energy source (Williams, 2011).  

However, there is a higher cost of processing waste in incinerators as compared to landfill 
storage (Gabe, 2011, 2013). This price discrepancy is often contentious for municipalities 
and incineration companies. With the concern of declining landfill space statewide, these 
incineration  facilities  can  be  a  way  to  create  jobs,  handle  waste,  and  foster  ‘renewable 
energy’.  It  is  estimated  that  MWCs  companies  in  Maine  generates  $13.1  million  in  labor  
income annually and $101.1 million in revenue, and creates 404 full and part time jobs 
(Gabe, 2011; Duchesne, 2013).  It was also estimated that if all three incinerators in Maine 
were to close down and the waste was stored in landfills, both the state and municipalities 
would lose about $12.6 million in taxes and fees on average between 2011 and 2029 (Gabe, 
2013). However, economic impacts are not the only factors in play for incineration facilities, 
there are several environmental and public health factors as well. 

MWCs can be very similar to fossil fuel power plants in their effects on the environment 
(EPA, 2011). Incinerators are regulated under the Clean Air Act (CAA). The CAA places 
emissions standards on new MWC and the 1995 amendments of the CAA were developed to 
control the emission of dioxins, mercury, hydrogen chloride, and particulate matter(EPA, 
2014c). However, the Maine DEP has named carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (NO2) the gases of most concern from these facilities (Maine DEP, 1998, 
2012b, 2013e, 2014b, 2014e). The CAA standards did, however, modify the burning process 
and authorize the use of activated carbon injection into the air pollution control system to try 
and remove mercury, dioxins, and hydrocarbons from the gas stream (Duchesne, 2013). 
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Although it has been illegal for several years, many people continue to throw mercury-
containing items (NRCM, 2013) (old thermometers, thermostats, florescent lights, etc.) in 
with their household waste. Ecomaine in particular, manages to eliminate about 90% of the 
mercury emissions, but MWCs are still the largest contributors of mercury in New England 
and also contribute to 5% of the overall GHG emissions in Maine (Maine DEP, 2014b, 
2014e) (ecomaine, n.d.). 

In addition to the environmental concerns, according to the EPA air pollutants from MWCs 
can cause potentially adverse health effects in the general public (EPA, 2013c). The 
combustion of MSW produces nitrogen oxides and sulfur dioxide as well as trace amounts of 
toxic pollutants, such as dioxins and mercury as previously stated. Lead, mercury, and 
dioxins can bioaccumulate in the environment, and both lead and mercury can affect the 
central nervous system and long-term exposure can impair brain function and development 
((EPA, 2013a, 2013b, 2013c). These pollutants bioaccumulate meaning that they do not 
break down in the environment and persist, increase, and damage the health of both people 
and the environment. Emissions also can contribute to acid rain, ground level ozone, fine 
particulate matter, polychlorinated biphenyls, and regional haze (EPA, 2013c). These 
implications must be considered when comparing the costs and benefits of incinerators and 
landfills. 

Landfills  
Currently, landfills are the sixth and least preferred method of disposal in the state of Maine 
according to the DEP and the EPA, yet landfills are the most used method of disposal (Maine 
DEP, 2013e). In recent years, declining landfill space has caused concern about rising 
economic costs of waste disposal and the future of waste in Maine. There are currently 50 
active landfills under varying classifications. Of the 50 active landfills, Maine has only three 
state owned landfills, one commercial landfill, and two ash landfills. The other 42 landfills 
are municipally owned (Figure 1.3) (EPA, 2014b; Maine DEP, 2014a). The lack of 
commercial landfills in Maine is due to a 1989 ban on the creation of new commercial 
landfills, which authorized the state to locate and design new solid waste landfills (Maine 
DEP, 2012).  

Literature suggests that Maine is not situated well for landfills. Many proponents of revised 
waste management believe that Maine has high public opposition to the opening of new 
landfills, a high environmental consciousness, and increased siting standards that suggest 
landfills in Maine are not easily put in place (Biocycle, 2010; Duchesne, 2013; Gabe, 2011). 
This is supported by the closure of MERC and the small amount of landfills statewide 
(Figure 1.3)(Maine DEP, 2014a). With the implications for Determination of Public Benefit, 
landfills are time consuming and expensive process to put in place (Maine DEP, 2014f). In 
addition to the implementation concerns there are also environmental concerns, with landfills 
that  are  factors  to  consider  in  the  future  of  Maine’s  landfills. 

http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
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Subsurface and surface migration of landfill gas (LFG) otherwise known as leachate is a 
large environmental concern for landfills everywhere (EPA, 2014c). As defined by the EPA, 
subsurface migration is the underground movement of LFG from landfills to other areas 
within the landfill property or outside the landfill property. This is most common in old, 
unlined landfills. RCRA as of October 9, 1993 requires the lining of landfills, which 
decreases the likelihood of subsurface migration, but does not eliminate it entirely(EPA, 
2014c). LFG contains approximately 50% methane, which is potentially an explosive gas, 
making it also possible for LFG to travel underground, accumulate in enclosed structures, 
and ignite. Incidences of subsurface migration have caused fires and explosions on both 
landfill property and private property (EPA, 2013a). However, these are not the only 
concerns regarding landfills. 

The uncontrolled surface emissions of LFG into the air are an important to consider when 
thinking about landfills. Like incinerators, LFG contains carbon dioxide, methane, volatile 
organic compounds (VOCs), hazardous air pollutants (HAPs), and odorous compounds that 
can adversely affect public health and the environment (EPA, 2013a). Landfills also have 
odor concerns associated with their construction and the emission of these compounds. These 
smells can travel off site to nearby communities and businesses. This odor lowers the quality 
of life for people who live near landfills and reduce local property values (EPA, 2013a). The 
emissions from the leachate produced in landfills are correlated to the products that end up in 
landfills. This is important to note when considering whether the materials are hazardous or 
had the potential to be recycled. Maine currently has two-landfill gas to energy projects 
(LFGTE) that convert leachate from landfills into energy similar to the concept of 
incineration without the burning. These LFGTE options have the ability to power 3,000 
homes each and are a major innovation for these two landfills. Prior to the implementation of 
these projects, the LFG was flared into the air. LFGTE projects are increasingly a viable 
option for states like Maine who have a stated commitment in their 2014 State Waste 
Management and Recycling Plan to support municipalities and businesses in waste 
management and encourage the development of new infrastructure (Maine DEP, 2014d, 
2014g).  

Information is less readily available on the economic benefits of landfills in Maine. This is 
because 42 of the 50 landfills in Maine are municipally owned and therefore generate their 
own separate landfill reports submitted to the DEP (Maine DEP, 2014a). However, it is noted 
that it takes an average of eight years to properly site a landfill in Maine, which is an 
expensive process (Criner, 2013). After their closure, landfills require monitoring and 
funding over a 30-year period (Maine DEP, 2012). Both landfills and incinerators have high 
startup costs ranging in the tens of millions of dollars to site, design, and implement the 
construction of these waste management facilities (Criner & Blackmer, 2012; Duchesne, 
2013). Both incineration and landfilling have dire economic, environmental, and political 
challenges that are likely to persist into the future.  
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Recycling and Composting 

Overview 

An  important  policy  driving  recycling  rates  in  Maine  is  the  State’s  goal  to  recycle  and  
compost 50% of municipal solid waste (MSW) (38 MRS §1305). Maine municipalities are 
not required to meet the 50% recycling target, but are obliged to demonstrate  “reasonable  
progress”  towards  that  goal  and  annually  report  their  waste  generation  to  the  DEP  (38  MRS  
§2133.7).  However,  the  State  does  not  explicitly  define  what  constitutes  “reasonable  
progress,”  which  is  problematic  because  there  is  ambiguity  in  measuring and evaluating 
municipalities’  improvements  in  recycling  efforts.  Municipalities  are  entirely  responsible  for  
the provision of waste disposal and recycling services. As of 2011, municipalities managed 
approximately 38% of recycling programs, and the remainder by privately owned (Maine 
DEP, 2012b). However, monitoring the capacity of all private recycling companies is 
difficult, as they are not legally obligated to report their activities. 

The Maine DEP is required to give municipalities guidance in organizing and executing 
waste disposal and recycling at the state, regional, and local government levels through 
annual waste management reports (38 MRS §2122). Additionally, the DEP is expected to 
incorporate changes in factors that affect solid waste management into its reports (38 MRS 
§2122). According to State reports and management plans from the past seven years, Maine 
experienced a reduction in recycling capacity when the Maine Energy Recovery Company 
(MERC) closed in 2012 (Maine DEP, 2013e). MSW that was formally sent to MERC is now 
delivered to other disposal facilities.  

Maine is also one of 10 US states that have a Bottle Bill law licensing beverage container 
deposit programs (32 MRS §1861). Generally, states that have the Bottle Bill have higher 
beverage container recycling rates (Figure 1.6), and consequentially have higher overall 
recycling rates as well (Container Recycling Initiative, 2013). Maine adopted the Bottle Bill 
in 1976, and to date, the state boasts a 90% recovery rate of all sealable beverage containers 
made of aluminum, glass, or PET plastic, and with a volume under four liters (Container 
Recycling Initiative, 2013). The Bottle Bill in Maine offers a $0.15 deposit refund for wine 
or liquor containers and $0.05 for all other containers (Container Recycling Initiative, 2013). 
Bottle deposits offer individuals an economic incentive to participate thereby encouraging a 
high rate of beverage container recycling or reuse. The Bottle Bill also lowers production 
costs for industry because reusing or recycling bottles is cheaper than using raw materials to 
produce new containers. Litter reduction is another benefit of the Bottle Bill, by 1990, Maine 
observed an 80% reduction in beverage container litter and a 38% reduction in total litter (US 
GAO, 1990). Maine also permits participating retail stores and redemption centers to form 
commingling agreements, which allow for the collection of beverage containers by product 
categories like beer, wine, and soft drinks. Commingling agreements make the sorting 
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process less labor intensive and lead to lower handling and transportation costs for 
distributors. 

 

Figure 1.6 A comparison of three types of beverage containers recycled by states 
that have the Bottle Bill and those that do not have the Bottle Bill (CRI, 2013). 
 

Calculation of Recycling Rates 
The types of wastes included in the calculation of recycling rates differ across US states. In 
this report, we use the base municipal recycling rate (hereinafter referred to as the recycling 
rate) and the standard MSW recycling rate. The calculation of recycling rates in Maine is 
shown in Figure 1.7. 

Figure 1.7 The formula for calculating the municipal recycling rate in Maine. 
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The recycling rate calculated using the formula in Figure 1.7 is reliable in comparing 
recycling efforts amongst Maine municipalities only. On the other hand, the EPA excludes 
construction and demolition debris (CDD) from its computation of the standard MSW 
recycling rate (EPA,  n.d.).  Unlike  Maine,  other  US  states  use  the  EPA’s  method  of  
calculating the standard MSW recycling rate (EPA, n.d.).  In  order  to  compare  Maine’s  
performance  to  other  states,  we  use  Maine’s  2012 standard MSW recycling rate of 42.38%, 
which was calculated using additional data from more privately owned waste collection and 
recycling companies (Maine DEP, 2014). 

Recycling Trends in Maine 

After  setting  the  recycling  goal  of  50%  in  1989,  Maine’s  recycling  rate  grew  rapidly  from  
32.50% to 41.50% over six years due to statutory requirements, state funded recycling 
education programs, and strong partnership efforts amongst stakeholders (Maine SPO, 
2009a). When the state failed to meet the 50% target by 1998, its deadline was postponed, 
first to 2005, then 2009, and lastly January 2014 (Maine SPO, 2009b). To date, the state has 
not met this goal and the most recent recycling rate calculated for Maine is 39.60% in 2012 
(Maine DEP, 2014d).  As  shown  in  Figure  1.8,  in  the  past  two  decades,  Maine’s  recycling  rate  
peaked at 41.50% in 1995, then declined thereafter (Maine SPO, 2009b).  

 

Figure 1.8 Changes in the Maine statewide recycling rate of municipal waste over a 
period of about two decades (Maine SPO, 2011, Maine DEP, 2014) 
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Prior to the economic recession, as the state experienced rapid economic growth, the amount 
of municipal waste generated by Mainers increased at a faster rate than the growth of 
recycling capacity. Consequently, recycling rates fell to 34.28% in 2007 (Maine SPO, 
2009a). From 2008 onwards, recycling rates improved and part of this improvement is 
attributed to better data collection (Maine DEP, 2014). Despite these improvements, in 2011, 
39.87% (Figure 1.5) of the MSW thrown out by households was compostable, while an 
additional 21.72% was recyclable (Criner & Blackmer, 2012). These numbers indicate that 
there is need for more recycling and composting in Maine, which is why we focus on waste 
reduction at the end of its life cycle and not source waste reduction. 

Composting in Maine 

According to Maine Solid Waste Management Rules (CMR 41006-096), composting facility 
monitoring is limited to only new and operational facilities, excluding certain agricultural 
operations and the composting of small amounts of yard and food waste. This means that 
overall composting is underestimated, as there are no regulations to monitor backyard or 
other small-scale composting initiatives. The total amount of MSW composted is 
incorporated  into  Maine’s  recycling  rate,  but  when  considered  separately,  in  2012,  Maine  
composted about 10.85% of its MSW (Maine DEP, 2014). This percentage is still very low 
considering that in 2011 nearly 40% of landfilled and incinerated waste was compostable 
(Criner & Blackmer, 2012).  In 2011, food waste made up 14.5% of MSW generated, and 
only 1.6% of the total waste recycled and composted in the US (EPA, 2014a). Although 
Maine composted a larger proportion than the US, there remains room for improvement in 
composting. 

Maine  DEP’s  Compost  Facility  Report  for  2014  listed  91  registered  active  public  and  
privately owned compost facilities that offer at least yard waste composting in Maine (Maine 
DEP, 2014d). The majority of the materials composted at these facilities consist of yard 
trimmings and limited food waste (Levis, Barlaz, Themelis, & Ulloa, 2010; Scozzafava, 
2003). Some municipalities have more than one compost facility; therefore, the 91 registered 
facilities are spread over a total of only 81 out of nearly 500 municipalities in Maine (Maine 
DEP, 2014). None of the Maine Island populations have a registered municipal composting 
facility. It is also likely that each of the 91 compost facilities also receive organic waste from 
neighboring municipalities within close proximity. Consequently, the exact number of 
municipalities served by the active compost facilities in Maine is unknown but most of them 
are generally located in Southern Maine where there is high population density (Figure 1.9).  
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Figure 1.9 A map showing the spatial distribution of Municipal Composting Facilities 
relative to the population density in Maine 
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Maine’s  Performance  Relative  to  the  Rest  of  the  US 
In comparison to the rest of the US, Maine seems to be doing relatively well in terms of 
MSW  recycling  rates.  Maine’s  2012 standard MSW recycling rate of 42.38% falls within the 
upper quartile of states in the US (EPA, 2014a). This value is also higher than the 2012 US 
overall MSW recycling rate of 34.50% (EPA, 2014a). A study of the energy and economic 
value of MSW suggests that, based on 2011 data, Maine was the national leader with 
a recycling rate of 48% (Themelis & Mussche, 2014). However, the recycling rates reported 
by Themelis and Mussche are inconsistent with the values reported by the Maine DEP and 
the EPA. This is because Themelis and Mussche included packaging from imported goods, 
municipal wastewater sludge, CDD, and all small-scale manufacturing waste in their 
recycling rate calculations. Nonetheless, the high recycling rates provided by Themelis and 
Mussche still speak to the overall trends in recycling rates across the US. 

Household Hazardous Waste 
Overview 
Many everyday products contain potentially dangerous toxins and chemicals that are 
categorized as hazardous wastes and universal wastes (Maine DEP, 2013f). General 
hazardous wastes are broken up into two categories: hazardous by characteristics, and listed 
hazardous waste. Waste that is hazardous by characteristics has at least one of the following 
attributes: (1) ignitability, (2) corrosivity, (3) reactivity, and (4) toxicity. Listed hazardous 
wastes include four different categories: (1) non-specific sources, (2) specific sources, (3) 
commercial chemical products, intermediates or off-specification products – either listed as 
acute or non-acute waste, and (4) polychlorinated biphenyl (PCBs) (Maine DEP, 2013f). A 
universal waste is a type of hazardous waste, such as batteries, certain lamps and fluorescent 
bulbs, mercury devices, and mercury thermostats (Maine DEP, 2013f).  

In this chapter, we focus on five products that are either are hazardous waste, universal 
waste, or a combination of the two. Since these HHWs are extremely toxic (Maine DEP, 
2013f), special disposal and conscious behavior of the effects of improper disposal are 
critical to maintaining a safe environment  and  healthy  citizens.  The  products’  program’s  
facilitator (manufacturer, NGO, or private company) assigns disposal facilities or transfer 
stations to collect HHW products for proper recycling or safe disposal. Since many 
municipalities throughout Maine do not have access to or are not near a facility for HHW 
products, the state or municipality is required to then host annual or semi-annual collection 
events for HHW disposal. Although transfer stations are not located in every municipality, 
some exist where designated neighboring municipalities may dispose of their waste, as 
shown in Figure 1.10.   
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Figure 1.10 The visual representation shows the distribution of transfer stations that 
collect batteries, mercury-thermostats, electronic devices, and fluorescent bulbs. 
Additionally, the map groups the transfer stations and their designated municipalities 
by color (Maine DEP, 2011; Maine Office of GIS, 2014). 
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Electronic Waste 
Electronic wastes (e-waste) are defined as old or unusable electronic devices (Appendix 1B). 
When taken apart, burned, or improperly disposed of, these e-wastes contain hazardous 
chemicals (such as lead and mercury), thus categorizing them as hazardous and universal 
wastes (Bouvier & Wagner, 2011; Maine DEP, 2013c). Due to the lack of access to efficient 
recycling programs, these chemicals are often incinerated and or landfilled, which pollutes 
Maine’s  air,  soil,  and  drinking  water  (NRCM, 2014b). Recycling e-waste not only protects 
our surrounding environment, but also prevents excess greenhouse gas emissions (GHG) and 
natural resource extraction that occurs when mining and processing raw materials used to 
make electronic devices. E-waste recycling in Maine has prevented more than 600 million 
pounds of carbon-equivalent emissions from being emitted into the atmosphere (NRCM, 
2014b). However, when e-wastes are improperly disposed of, toxic substances in the devices 
are released, of which the most concerning is lead. Lead exposure can cause severe health 
and environmental consequences; for example, brain and kidney damage and anemia to 
humans, as well as, harmful exposure to wildlife such as fish and birds (NRCM, 2014b).   

According  to  a  waste  characterization  study  in  2011,  0.92%  of  Maine’s  sampled  solid  waste 
was electronic devices. Of that, 73.7% were small consumer electronics, 14.2% were 
computer-related, and 12.1% were other large electronics (Criner & Blackmer, 2012). From 
2000 to 2006, the generation of e-waste nationally, increased by approximately 52% in 
weight (NRCM, 2014b). Through a waste management lens, the preferred handling method 
for e-waste is to reuse and recycle rather than dispose; because the materials used to produce 
these devices are expensive. The end-of-life disposal of these devices removes valuable 
resources from the manufacturing system, requiring more mining and processing of virgin 
ores and precious metals to make new devices, which causes environmental impacts in itself.  

The total number of electronic devices shipped for recycling and disposal declined from 
64,528 units in 2005 to 42,627 units in 2006 (Figure 1.11). In 2006, a product stewardship 
program for electronic devices was adopted  through  Maine’s  Product  Stewardship  
Framework Law (Maine DEP, 2013b). The program caused significant change in disposal 
rates and amount of HHW collected (Figure 1.11) and shifted management responsibility to 
the manufacturers. As of 2014, there are an estimated ten million pounds of televisions and 
computer monitors in Maine households that could be recycled each year in Maine (NRCM, 
2014b). Since 2006, the state has recycled over 37 million pounds of e-waste, saving an 
estimated four million pounds of lead from entering our landfills and incinerators. The 
product stewardship management has also decreased disposal fees, increased recycling 
locations and events, created jobs, and reduced costs for local governments and taxpayers by 
$11 million (NRCM, 2014b). Maine is at the forefront of e-waste recycling nationwide, and 
has one of the highest pounds per person rates in the country (6.57) in 2012 (Maine DEP, 
2014c).  However,  Maine’s  municipalities  continue  to  face  an  issue  of  disposal  fees,  user  
eligibility, and frequency of collection and disposal (Bouvier & Wagner, 2011). There are 
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still televisions, computers, and other  devices  in  Maine’s  landfills  and  incinerators.  National  
statistics show 40% of the lead and 70% of the heavy metals found in landfills are directly 
associated to the improper disposal of electronic devices (NRCM, 2014b).  

 

Figure 1.11 The figure shows the total number of electronic devices shipped for 
recycling or disposal in Maine (Maine DEP, 2013b) 

Batteries  
Many types of batteries are identified through disposal and management programs or 
environmental agencies. Some of the most common are dry-cell batteries, an umbrella term 
including: alkaline and zinc-carbon (everyday household batteries such as 9-volt, AA, AAA, 
D, and C), mercuric-oxide (button, cylindrical, and rectangular), and lithium (9-volt, C, AA, 
coin, button, and rechargeable batteries) (Maine DEP, 2013a). These types of dry-cell 
batteries  contain  heavy  metals  required  to  produce  the  battery’s  power.   

The 1996 federal Mercury-Containing and Rechargeable Batteries Act (24 USC §14301) 
phased out mercury-containing batteries, and made it easier for manufacturers and consumers 
to recycle them. Since they are no longer sold, there are fewer mercury-containing batteries 
in households throughout Maine. However, batteries that were purchased prior to 1996 do 
require recycling. By disposing of batteries in incinerators and landfills, heavy metals and 
mercury are emitted into our air, soil, and drinking water systems. Additionally, recycling 
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saves resources because plastics and metals from spent or used batteries can be repurposed 
and reused to make new batteries (EPA, 2012a).  

Maine was the first state to pass a product stewardship program through the Product 
Stewardship Framework Law (38 MRS §2165) for dry-cell batteries in 1991. Since its 
enactment, private organizations, such as Call2Recycle, have volunteered to facilitate battery 
take-back management. The batteries are reused to make new batteries, cement products, or 
stainless steel alloys (Call2Recycle, 2013). Call2Recycle offers a free recycling program for 
rechargeable batteries. Single-use batteries (primary or disposal batteries like alkaline or 
zinc-carbon) can also be recycled. However, the State of Maine does not offer any free 
recycling programs. Citizens are required to find a nearby business or transfer station that 
collects that specific battery (Maine DEP, 2013a).  

Industry and manufacturers like Duracell claim that in most cases, normal alkaline batteries 
can be thrown out with regular MSW in small quantities, since mercury has been removed 
from most alkaline commercial batteries (Heritage Environmental Services, n.d.). Battery 
product stewardship management was created in 1991, but the number of batteries shipped 
for recycling or disposal has remained relatively low until 2009 as shown in Figure 1.12. 
After the 2009 increase, the number remains high, in comparison to years prior to 2009, but 
the units recycled or disposed of fluctuate and are inconsistent.  

 

Figure 1.12 The figure shows the total number of batteries shipped for recycling or 
disposal in Maine (Maine DEP, 2013b) 
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Mercury-Thermostats and Mercury-added Lamps 
In this section, we assess the state of mercury-thermostats and mercury-added lamps. The 
sale and distribution of mercury-thermostats was banned in 2006 because of the four-grams 
(or a thimbleful) of mercury in each device (38 MRS §1663). Mercury-added lamps 
(Appendix 1B) include a variety of different electrical lamps or bulbs. However, for the 
purpose of the report, we primarily address fluorescent bulbs, including compact fluorescent 
lights (CFLs) and long tube or linear fluorescents bulbs.  

The State of Maine has detected high levels of mercury from mercury-thermostats and 
mercury-added lamps, primarily CFLs (NRCM, 2013). When disposing of mercury-
thermostats or mercury-containing lamps in landfills, the mercury containers can break and 
leak causing severe damage to its surrounding environment. The bioaccumulation of the 
persistent toxic substance mercury affects human health and ecosystems surrounding the 
landfills, which means that the accumulation of substances occurs in organisms and is 
absorbed at a greater rate than it is lost. Humans are most often exposed to mercury exposure 
when eating fish, and at high levels, mercury can cause problems with the brain, lung, 
kidney, heart, and immune system. For several years now, Maine has been dealing with 
extremely high levels of mercury (Colby Environmental Policy Group, 2008).  The  state’s  
fish, loons, and eagles have the highest levels of mercury throughout North America (Maine 
DEP, 2013d). These high levels of mercury can also be attributed to the mercury emissions 
from nearby states such as Ohio and Pennsylvania. However, the State of Maine has been 
working with the federal government on adopting stricter mercury regulations that prevent 
state-to-state accumulation (Colby Environmental Policy Group, 2008).  

The product stewardship program for mercury-thermostats was created in 2005, setting 
homeowners recycling and collection goals to effectively eliminate all mercury from our 
waste stream (Maine DEP, 2014c). The 2006 ban geared the recycling efforts towards only 
the existing mercury-thermostats in order to eventually eliminate all of them (Rubin, Moris, 
McKee, & Butterfield, 2010). Maine is currently considered as a national leader in terms of 
mercury-thermostat recycling. The state not only enacted the first comprehensive and 
incentive-based collection program for mercury-thermostats in the US, but also reported the 
highest per capita collection rate in 2007 and 2008 (NRCM, 2013; Rubin et al., 2010). The 
2005  program’s  goal  was  to  collect  and  recycle  160  pounds  of  homeowner  thermostats per 
year within the first three years. The program also set a financial incentive of $5 for 
homeowners to recycle their thermostat (Maine DEP, 2014c). However, collection rates 
remained under 10%, until 2007 when the Thermostat Recycling Corporation (TRC), a non-
profit, took complete control of managing the collection and recycling of mercury-
thermostats. TRC manages the collection programs, whereas the actual thermostat 
manufacturers are responsible for providing financial incentives (Rubin et al., 2010). As 
shown  in  Figure  1.13,  TRC’s  involvement increased recycling rates, eventually reaching 46.9 
pounds of mercury from Maine in 2012, the highest since 2009 (Maine DEP, 2014c). 
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Although the state has increased recycling rates and pounds of mercury collected, it is 
evidently failing to meet the statutory goals set in 2005, and has only collected 26% of what 
is annually estimated to be available for recycling (Rubin et al., 2010). Fluctuation in 
numbers recycled and the inability to meet goals could be attributed to a variety of different 
factors. Such as TRC failing to meet some requirements of the management program. For 
example, the organization has restricted some sectors from disposing of mercury-thermostats, 
such as demolition contractors, housing authorities, handymen, solid waste personnel, and 
electricians. Additionally, TRC has not adequately informed the public on why, where, and 
how to recycle thermostats (Rubin et al., 2010). 

 

Figure 1.13 The figure shows the total number of mercury-thermostats shipped for 
recycling or disposal in Maine (Maine DEP, 2013b). 
Similarly, mercury-added lamps collection and recycling rates have also not met the 
management  program’s  expectations.  In  2002,  the  State  of  Maine  imposed  a  ban  on  
knowingly disposing mercury-added products into residential solid waste streams (36 MRS 
§1663). Statistics from 2008 show that only 25% of CFLs discarded by Mainers were 
recycled and the rest were dumped into the residential solid waste stream (Rubin et al., 
2010). Efficiency Maine, a NGO, responded by creating a free household CFL recycling 
program by partnering with 204 retail stores for throughout the state for collection. In only 
two and a half years, it collected 8,800 CFLs for recycling (Wagner, 2009). Through the 
regulations established in the Product Stewardship Framework law, a product stewardship 
program was created for mercury-added lamps in 2009. At this time, 67% Maine households 
were using at least one CFL (Wagner, 2009).  Through  the  program’s  details,  National 
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Electric Manufacturers Association (NEMA) assumed responsibility to provide funding 
containers for shipping and recycling services and manage recycling for the other forms of 
mercury-added lamps. Together, these two entities (Efficiency Maine and NEMA) manage 
the product stewardship program (Maine DEP, 2014c).  

Even though the 2002 disposal ban was in place (Table 1.2), household-recycling rates in 
Maine still remained low partly because of the lack of public knowledge of CFLs and their 
proper disposal techniques. In 2009, an online survey was conducted to look at the awareness 
of Maine citizens and their use of CFLs. The survey shows that 76.8% of respondents knew 
CFLs contained mercury. Of the 76.8%, 23.5% recycled their CFLs, 28.9% disposed of them 
in their trash, 16.2% did not know what they did with their CFLs, and 7.6% kept them in 
storage. The survey also found that 63.2% of respondents did not know CFLs required 
recycling, and 9.7% claimed recycling was not necessary. More than two-thirds of the 
respondents  did  not  know  about  CFL  collection  and  Efficiency  Maine’s  free  recycling  
program (Wagner, 2009). The inconsistency and lack of public knowledge proved through 
this study could also speak to fluctuation in mercury or lead containing lamps shipped for 
recycling and disposal as shown in Figure 1.14. These discrepancies raise the following 
question: if recycling is free and located throughout Maine, why are people still not even 
aware that it exists? 

 
Figure 1.14 The figure shows the total number of mercury or lead-containing lamps 
shipped for recycling or disposal in Maine (Maine DEP, 2013b). 
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Prescription Drugs 
In Maine, drug-related deaths outnumber deaths from motor vehicle accidents; in 2008, there 
were 168 drug-related deaths and 92% were from prescription drugs (Maine DEP, 2011). 
With increasingly more drugs on the market, there are more unused and unwanted drugs 
lying around, allowing for abuse, misuse, and improper disposal (Maine DEP, 2011). In 
2010, the Maine DEP found traces of drugs in various leachate (otherwise known as surface 
or subsurface migration of landfill gas) samples from three separate household waste landfills  
(Lubick, 2010). Landfills in Augusta, Bath, and Brunswick were selected for leachate 
sampling because they receive large quantities of household waste. In all three landfills, the 
collected samples detected a presence of antidepressants, antibiotics, steroids, and heart, 
asthma, and pain medications (Lubick, 2010; Solid Waste Report, 2010). When prescription 
drugs are landfilled as MSW, traces end up in the liquid that leaches from landfills. This then 
creates the risk of contaminating groundwater and surface water supplies, which can have 
hazardous human health and environmental implications (Solid Waste Report, 2010). There 
continues to be an ongoing debate on whether landfills are an appropriate form of disposal 
for prescription drugs. Some argue that disposal is allowed in landfills if all prescription 
drugs are crushed into kitty litter (Lubick, 2010). Meanwhile, others realize the negative 
consequences and hope to see a take-back program develop in order to mitigate improper 
disposal.  

On organized national take-back days, Maine has handed in tens of thousands pounds of 
drugs, more than any other state per capita. This high rate has deemed the state a leader in 
take-back efforts in the US, even though there is no daily or permanent take-back program.  
On September 25th, 2010, the Drug Enforcement Agency (DEA) arranged a one-day take-
back event. In just a single day, the entire nation gave back 151 tons of unwanted 
prescription drugs. Over seven tons came from Maine communities, ranking the state as one 
of the highest per capita collection rates throughout the country (Maine DEP, 2011). There is 
a demand for collection of prescription drugs, which could help mitigate the growing concern 
of the apparent abuse and misuse of drugs available in households (Maine DEP, 2011). In 
2007, Maine initiated a mail-back pilot program that provided a pre-paid envelope when 
filling a prescription to send unwanted or unused prescription drugs for proper disposal. This 
program was too expensive to maintain and did not pass the pilot stages, and became a 
permanent program only for veterans (Maine DEP, 2011).  

There is no standard take-back program for prescription drugs in the US. However, for some 
drugs, there are take-back efforts regulated by The Controlled Substances Act (Table 1.1). 
The Act permits law enforcement officials to collect and handle specific, pre-determined 
drugs. Since law enforcement officials are collecting the drugs, many people often do not 
give back their unwanted drugs because of potential legal implications of illegal possession 
or use. When drugs are not given back through this Act or are not listed as a controlled 
substance, they continue to lie around the house and can put others at risk by abuse of 
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available and easily accessible drugs. In order to protect the welfare and safety of 
households, the Food and Drug Administration (FDA) allows homeowners to flush drugs 
toilet if they could harm children, pets, or anyone else when taken accidently (Lubick, 2010). 
Additionally,  the  chemical  compounds  in  prescription  drugs  make  their  way  into  the  state’s  
water systems when improperly disposed of in household solid waste streams or flushed 
down the toilet (Kunik, 2010). Drugs are biologically active and contain toxic chemical 
compounds, and when landfilled, the bioaccumulation affects non-target organisms such as 
fish and worms in the environment, even at a low-concentration. The pharmaceuticals enter 
the leachate, and go to wastewater treatment plants that are not designed to remove these 
drugs  before  they  enter  Maine’s  surface  water  (Maine DEP, 2011).   

Patricia Aho, Maine State Environmental Protection Commissioner, has reinterpreted the 
current disposal policies and deemed drugs as regular household waste, not hazardous 
(Woodard, 2013). Therefore, drugs are currently  being  “cleanly”  burned  in  incinerators.  
However, the DEP believes that drugs are a hazardous household waste product and cites the 
incineration of drugs as an extremely hazardous activity (Maine DEP, 2011).  Since there is 
no scientific data on the emission studies of pharmaceuticals (Woodard, 2013), incineration 
of prescription drugs will continue to occur and in turn release toxic substances into the air.  

Maine tried to adopt a program through the Product Stewardship Framework Law for 
prescription drugs, but the proposed program was rejected for several reasons. First, reusing 
or recycling unwanted or unused prescription drugs is impossible because of the uncertainty 
of  the  drugs’  potency  and  safety  after  being  in  another  person’s  home.  Reusing  and  recycling  
prescription drugs is not a cost-effective program or desired. Second, the categorization of 
drugs is difficult since some are defined as listed hazardous wastes and some as hazardous by 
characteristics based on the toxic substances and chemical compound differences in each 
drug. Third, some past collection events have been expensive. For example, MidCoast 
Hospital located in Brunswick, Maine spends $10,000 on each collection event for 
prescription drugs. Finally and most significantly, the product stewardship management 
strategy requires manufacturers to take responsibility, especially financially, to manage 
collection, which the pharmaceutical industry seemingly as no interest in (Maine DEP, 
2011).  

Analysis and Discussion 

Drivers of Waste Management 
In Maine, there are various factors related to the public, the private sector, and State 
regulations that influence waste management in different ways. 
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Public Perceptions and Behaviors 
Landfills and incinerators have a long history of environmental pollution and negative public 
health impacts. The early Waste-To-Energy (WTE) facilities had very basic and little 
pollution controls. Even though most of these facilities had installed pollution control 
systems, they did not have the technology to mitigate public and environmental health threats 
such as mercury and dioxins. Despite the increased advances in pollution control technology 
and new national economic incentives, the WTE industry is still fighting negative public 
perception (Williams, 2011). Landfills are in a similar situation; despite increased standards 
from the Maine Department of Environmental Protection (DEP) and Resource Conservation 
and Recovery Act (RCRA), communities around Maine are reluctant to accept new landfills 
in their municipalities. This is increasingly relevant as Maine strongly considers and 
determines where to implement new solid waste disposal facilities based on the 
Determination of Public Benefit, which incorporate public perceptions. In order to implement 
new WTE technologies, which can include leachate capturing from landfills and combustion 
from incineration, positive public perception and behavior of these facilities is crucial. 

In terms of recycling household hazardous waste (HHW), public perception and behavior 
(such as opinion on disposal fees and access to drop-off sites) drives the frequency of 
collection and recycling trends (Bouvier & Wagner, 2011). In order to recycle televisions, 
Maine municipalities charge up to $25 per item, based on the size of the television or a 
provided flat rate. A study conducted by Bouvier and Wagner (2011) shows that facilities 
that charge a fee for disposal of televisions and computer monitors receive fewer products 
per capita, which indicates that disposal costs have a negative effect the collection rates of 
specific products. Similarly, collection frequency affected the amount of HHW recovered; 
facilities open daily or three to five times a week collected far more than facilities open 
monthly, semi-annually,  or  annually.  Bouvier  and  Wagner’s  study  collected  data  from  92  
municipality transfer stations with computer monitors and television collection options for 
30%  of  Maine’s  population.  The study reports that the facilities that were open daily 
collected 83 televisions and 51 computer monitors per 1,000 people, whereas the facilities 
open less frequently collected 54 televisions and 39 computer monitors per 1,000 people. 
Curbside collection of solid waste, recyclables, and HHW also enhances collection rates 
since residents do not need to travel in order to discard specific items, which indicates that 
the  convenience  of  disposal  options  affects  households’  participation  in  the  safe  disposal  of  
electronic waste (e-waste).  Maine’s e-waste recycling program depends on different 
municipalities’  choices  regarding  disposal  fees,  user  eligibility,  and  facility  frequency  of  
operation (Bouvier & Wagner, 2011).  

After the creation of the product stewardship program for mercury-added lamps in 2009, 
there was no significant increase in the number of mercury-added lamps collected. In an 
effort to enhance public perception in mercury-added light bulbs recycling, the program 
initiated a free recycling option. However, this did not lead to any improvements in the 
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number of lamps recovered (Bouvier & Wagner, 2011).  Compact fluorescent lights (CFLs) 
survey showed that many Maine citizens were not aware that their CFLs contain mercury and 
that some respondents did not know that free recycling for their CFLs existed. However, 
some people were aware and recycled, some were aware and did not recycle, and some who 
were aware had kept their CFLs in storage. These findings indicate that there is a disconnect 
between  the  public’s  knowledge  of  how,  what, and where to recycle their products and 
program perceptions and expectations.  

HHW makes significant contributions to the hazardous pollutants accumulating in landfills 
and incinerators. Leachate and incineration ash are byproducts of these solid waste facilities 
that already have significant public and environmental health implications. Allowing HHW 
to accrue in these facilities, exacerbates toxic leachate and air emissions by the burning or 
processing of these hazardous wastes.  

Management without Specific Legislation  
Many Maine residents, along with the rest of nation, are not aware of the harmful effects of 
improper disposal of prescription drugs (Lubick, 2010). The 2009 product stewardship 
program bill required manufacturers to prove to the Maine Department of Environmental 
Protection (DEP) that they were taking part in or running their own take-back prescription 
drug collection program. The Bill stated that unused pharmaceuticals met some of the criteria 
required to become a part of the product stewardship system and mandated pharmacies to 
provide consumers with prepaid envelopes to mail unused drugs back to manufacturers. The 
bill passed through the House of Representatives, but did not make it through the Senate 
(Lubick, 2010). The State of Maine has made several similar attempts to create programs that 
deal with unused or unwanted drugs in households. In 2005, a Bill entitled An Act to Support 
Collection and Proper Disposal of Unwanted Drugs was written to design a permanent take-
back program entirely funded by the pharmaceutical industry. However, this Bill did not 
make it through the Senate (Maine DEP, 2011). In Maine, there is demand for safe disposal 
of unwanted drugs (Maine DEP, 2011), but a proper program that satisfies all stakeholders 
involved has not yet been established.  

Municipal Policies Influencing Recycling Rates in Maine 
Waste generated at the household-level constitutes a significant amount of municipal solid 
waste  (MSW).  Consequently,  municipal  policies  that  affect  households’  participation  in  
recycling are critical in enhancing recycling at the municipal level. In this report, we 
investigated the effect of five municipal policies on the recycling rates of 50 municipalities in 
Maine (Table 1.5). These policies are (1) Curbside recycling, (2) Zero-Sort recycling, (3) 
Pay-As-You-Throw (PAYT), (4) Mandatory Recycling Ordinance (MRO), and (5) Municipal 
Composting Program (MCP).  
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Table 1.5 A summary of the number of towns with or without the five policies in the 
sample of 50 towns 

Policy Number of towns with 
policy 

Number of towns without 
policy 

Curbside Recycling 31 19 

Zero-Sort Recycling 24 26 

Pay-As-You-Throw 16 34 

Mandatory Recycling Ordinance 14 36 

Municipal composting program 10 40 

 

Curbside recycling involves the pick-up of recyclables from either an easily accessible 
communal dumpster or curbside containers from individual households. Municipalities or a 
private companies engaged through municipal or individual household contracts collects the 
recyclables. This service may or may not require households to sort out their recyclables. 
Curbside recycling eliminates the time and transport costs associated with delivering 
recyclables at a drop-off  point;;  therefore,  it  increases  households’  participation  in  recycling  
(Tonjesa, 2013). Consequently, we hypothesized that municipalities with Curbside recycling 
would have higher recycling rates than municipalities where residents have to drop off their 
recyclables at a transfer station or recycling facility. About 60% of the municipalities in our 
sample had curbside recycling. The mean recycling rate for towns with Curbside recycling 
was statistically different and nearly double that of towns without Curbside recycling (Figure 
1.15, Table 1.5), which indicates that Curbside recycling is effective at encouraging recycling 
amongst households. 

We also investigated the impact of Zero-Sort recycling on recycling rates; 50% of the towns 
in our sample had Zero-Sort recycling. Zero-Sort requires households to put unsorted 
recyclables together in a bin separate from other trash, as compared to sorting out recyclables 
into their different categories (Criner & Blackmer, 2012). Thereafter, the unsorted 
recyclables are either picked up from curbsides or dropped off at a recycling facility by 
individuals. Zero-Sort is designed to minimize the amount of work needed to recycle. 
Therefore, we hypothesized that municipalities with Zero-Sort Recycling would have higher 
recycling rates than those without the policy. We found that the mean recycling rate for 
municipalities that have Zero-Sort recycling was significantly different and higher than that 
of municipalities without Zero-Sort (Figure 1.15, Table 1.5), which suggests that Zero-Sort is 
effective  at  enhancing  households’  participation  in  recycling. 

 



State  of  Maine’s  Environment  2014 
 

42 
 

Another policy that influences recycling rates in Maine is the PAYT program. PAYT is a 
waste-unit-pricing program that charges residents for the collection of waste based on the 
amount that households throw out. As a result, disposal costs are directly borne by 
households. PAYT involves selling designated trash bags and thereafter, collection of only 
the designated trash bags from curbsides. The strengths of PAYT are that it creates a strong 
economic incentive to reduce waste and it also involves both Zero-Sort Recycling and 
curbside  collection  of  both  recyclables  and  general  trash.  Maine’s  statewide  recycling  rate  is  
driven by the amount of waste recycled and the amount of waste generated, both of which 
PAYT tackles. For these reasons, we hypothesized that municipalities with PAYT would 
have higher recycling rates than municipalities without the policy. We found that only 32% 
of the towns in our sample had PAYT and the mean recycling rate for towns with PAYT was 
statistically different and almost double that of towns without PAYT (Figure 1.15, Table 
1.5). In our sample, the bag price varied from $1.00 to $2.08 for different bag sizes and there 
are challenges in addressing affordability issues amongst low-income households. 

 

Figure 1.15 A summary of the STATA t-test with unequal variance results 
investigating the significance of the difference in the mean recycling rates of 50 
towns with and without the policies 
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PAYT is becoming increasingly popular in Maine because WasteZero, a leading company in 
this sector, has taken the initiative to promote the program in the state (WasteZero, 2014). 
Once implemented, waste reduction attributed to PAYT is observed even in its early stages. 
For example, six weeks after the implementation of PAYT in Waterville, a 55% reduction in 
total MSW was observed (WasteZero, 2014). The City of Brewer adopted PAYT in 2010, 
and observed a 51% reduction in waste generated accompanied by a 382% increase in 
recycling tonnage from 2009 to 2012 (City of Brewer, 2013). This provides us with even 
more reason to encourage more Maine towns to adopt PAYT as it has been proven to 
effectively lower the waste generated and improve recycling tonnage.  

In addition to service-related policies, some municipalities also have Mandatory Recycling 
Ordinances (MROs) that requires residents to recycle. Since ordinances have statutory teeth 
and residents tend to avoid non-compliance penalties, we hypothesized that municipalities 
with MROs would have higher recycling rates than municipalities without MROs. However, 
our results suggested that the mean recycling rate of cities with MROs was not statistically 
different from that of municipalities without recycling ordinances (Figure 1.15, Table 1.5). 
Only 32% of the towns in our sample had MROs. The lack of a difference suggests that 
MROs are ineffective at enhancing recycling activities at the household level. The 
ineffectiveness of MROs is possibly due to enforcement challenges, as there is lack of 
resources  to  investigate  each  household’s  waste  and  confirm  compliance. Some studies report 
very weak correlations between MROs and higher recycling rates (Miller, 2008), while some 
state that MROs do not seem to enhance recycling efforts (Sidiquea, Joshib, & Lupi, 2010). 

We also analyzed the impact of Municipal Composting Facilities (MCPs) on recycling rates. 
Since the amount of composted waste is incorporated into recycling rates, we hypothesized 
that towns with MCPs would have higher recycling rates than towns without MCPs. Only 
20% of the towns in our sample had a composting facility for the whole town (Figure 1.15, 
Table 1.5). All the towns with MCPS accept yard waste; however, none of the towns in the 
20% accept food waste because the process of removing napkins and plastic cutlery from 
food waste is labor intensive, and it is problematic to deal with compost odor and bacteria 
associated with food waste (Levis et al., 2010; Scozzafava, 2003). Our analysis suggests that 
the mean recycling rate of municipalities with MCPs was significantly different and higher 
than that of towns without MCPs. Overall, this indicates that municipal composting programs 
enhance the amount of organic waste collected from household and boost municipal 
recycling rates. 

In addition to the five municipal policies discussed above, we also looked into the impact of 
recycling education programs on recycling rates. We considered private company outreach, 
municipality outreach days, and school-based programs in collaboration with municipalities, 
as recycling education programs. Studies show that municipality outreach programs and 
school-based recycling education programs promote recycling and composting efforts at the 
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household level (Cox et al., 2010). However, data about recycling education programs was 
not readily available from the 2013 Maine municipality reports. Towns like Cape Elizabeth 
and Cumberland have robust educational outreach conducted through school contests, 
brochure distribution from transfer facilities, and detailed web pages about recycling, but 
these recycling education programs are not listed under waste reduction efforts in the 
municipality reports (Miller, 2008). Based on town websites, many municipalities do not 
have recycling education programs, possibly due to limited funding. We noticed that a few 
towns that have high recycling rates also have recycling education outreach as other studies 
have also shown (Park & Berry, 2013). For example, ecomaine has education grants to fund 
school recycling programs and sponsor classroom-based recycling education and community 
outreach projects in Portland (ecomaine, 2014). In other states, like Florida, the Department 
of Education is mandated to establish K-12 curriculums for recycling awareness programs, 
which speaks to the influence of recycling education on waste reduction efforts (Park & 
Berry, 2013). 

Challenges in Data Collection and Interpretation 
In Maine, landfills are monitored by municipalities, which leads to varying intensity of data 
collection and management. Each active landfill in the state must submit an annual report 
stating its remaining, licensed, and constructed capacity, as well as yearly acceptance rate, 
any spill incidents, remaining life on the landfill, and the landfill development plan. 
However, not every landfill reported its capacity each year, and not every landfill provided 
an annual report for each year. Likewise, not all municipalities submitted annual waste 
management reports. We analyzed annual landfill reports for years 2010 to 2013 submitted to 
the DEP in order to map the landfill capacity across the state.  

There is abundant data on incinerators in Maine. However, waste and energy companies 
generate this data and benefit from positive perceptions of their facilities. These reports often 
omit the environmental and public health data and implications, producing information on 
incinerators that does not tell the whole story. There are many merits to the consistent, 
informative, and comprehensive data provided by the companies on the economics and 
benefits of incinerators. The challenges in interpreting these data lie in balancing the extent 
of  environmental  and  public  health  implications  with  Maine’s  economic  dependence  on  these  
facilities (Criner, 2013; Duchesne, 2013; Gabe, 2011; Williams, 2011). 

Maine also has several product-specific programs to manage and mitigate household 
hazardous waste (HHW). As shown in Figures 1.11-1.14, the number of products shipped for 
recycling and disposal fluctuates from year to year. Regardless of new or updated policies or 
regulations, it is difficult to give reason for this fluctuation because of several household-
specific factors that could vary the number or rates of HHW recycled or disposed of. These 
factors  include:  date  of  purchase,  the  product’s  average life span, and extent of its usage in 
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each household. The most important aspect of HHW recycling data interpretation is that 
homeowners do not necessarily recycle as soon as a product is unusable. Many people store 
their unusable HHWs and recycled them when it is most convenient creating no consistency 
in recycling rates. This sporadic recycling behavior for HHW makes it difficult for end-of-
life management programs to track their progress and reach their fullest potential. 
Additionally, there is a lack of  information  on  some  products’  recycling  history  and  Maine-
specific  data  on  products’  current  state,  yielding  uncertainty  and  the  inability  to  track  
program success and progress. Specifically, there is a lack of Maine recycling and disposal 
data outside of the product stewardship program, which can explain why there are 
inconsistencies and fluctuations in the amounts of HHW recovered. 

Figures 1.12 and 1.14 show the number of batteries and mercury or lead-containing lamps 
that are shipped for recycling and disposal. Even though we only focused on certain types of 
mercury-containing lamps in this report, these data provide insight to the overall trend of 
collection. Both figures show some fluctuation and points of significant decrease. In 2010, 
Figure 1.12 shows  batteries  recycling’s  significant  decrease,  occurring  almost  20  years  after  
creating the battery product stewardship program. In Figure 1.14, an increase occurs just one 
year after mercury or lead-containing lamps numbers recycled decreased from 2005 to 2006. 
The total number of mercury or lead-containing lamps increased slightly until 2009, the same 
year the mercury-added  lamps’  product  stewardship  program  was  created.  With  a  new  
management strategy in place, the total number decreased in 2010 and fluctuated until 2012. 
It is difficult to explain the increase before the program was enacted, the decrease the year 
after, and then the fluctuation over time. There is much uncertainty regarding this fluctuation 
and the only probable reason is that the collection that year was merely coincidental and 
exists due to the variation of usage between households and HHW recycling behaviors such 
as  recycling  as  soon  as  a  product  is  unusable  or  when  it’s  most  convenient.   

Scenarios 
The  current  state  of  the  Maine’s  municipal waste is characterized by ineffective policies, the 
lack of productive integration between key stakeholders lack of sufficient public knowledge, 
limited public participation in recycling, composting, and safe HHW disposal. In the near 
future, the state’s  waste  management  systems  must  transform  to  achieve  its  waste  reduction  
goals and a waste disposal system with minimal harm on the environment and human health. 
We propose three scenarios as examples of possible paths that Maine could take in the future. 

Business as Usual  
If current waste generation and disposal trends continue, we anticipate that Maine will run 
out of landfill space within the next decade. As landfills fill up, leachate leakage and methane 
gas generation, which will cause a deterioration of public and environmental health increases 
and exacerbates global warming. These outcomes translate to higher health care bills, a less 
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productive population, and exhaustion of raw materials by the manufacturing industry. 
Additionally, exceeding the capacity of landfills leads to a steep rise in waste disposal costs 
for  landfill  expansion  and  creation.  If  the  state’s  current  recycling  rate  remains  stagnant,  
Maine loses out on the benefits of recycling including lower waste disposal costs and cheaper 
goods made from recycled material. 

Abandon the Hierarchy  
The Maine Department of Environmental Protection has mandated that the waste hierarchy is 
no longer how Maine will prioritize waste management. Without the prioritization of reuse, 
reduce, and recycle, recycling and composting rates begin to plummet, as more MSW is 
disposed of in landfills and incinerators. Landfills are the cheapest and quickest method of 
disposal  and  therefore  are  now  the  default  for  Maine’s  waste.  With  the  increased  demand  for  
landfill disposal, the tipping fees for landfills increase. With this increase, incinerators 
become the best way to benefit the economy and reduce the impact on landfills.  

There is no preference for source reduction and recycling. In effect, there is no funding or 
improvement of these systems, driving Maine further from its 50% recycling goal. Therefore 
household hazardous waste (HHW) collection rates are also no longer a priority under the 
recycling goals, allowing these toxic products to be incinerated and landfilled. The public 
health and environmental health implications of burning and improperly disposing of HHW 
are substantially larger without the prioritization of recycling. In abandoning the hierarchy, 
Maine suffers increased risk to public health, pollution, and costs associated with waste 
disposal.  

The Ideal 
When the solid waste hierarchy is followed, Maine reduces waste generation directly at the 
source, favoring reusing and recycling, and as a last option disposes of waste in landfills and 
incinerators. Through this effort, landfills do not exceed capacity, while both landfills and 
incinerators become the absolute last resort for MSW disposal. There is strong enforcement 
and incentive for all municipalities throughout Maine to achieve the 50% target goal for 
recycling within households. There is a feasible future for all proposed programs to 
effectively manage safe disposal of unused or unwanted drugs, as well as monitor pollution 
from landfills and incinerators. In terms of current product stewardship programs to manage 
HHW, we see an increase in the number of organizations voluntarily facilitating the 
management program. Their involvement better educates the public, informing them on 
what, where, how, and why to recycle. Not only do the programs expect the programs 
meeting the goals, but industry is also involved in fully financially providing incentives and 
handling costs for their products. The programs encompass more products, which begin to 
increase overall awareness. With strong programming, there is increased funding for 
maintaining the overall costs of the waste management system allowing equal access to a 
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system that protects citizens and the environment. Additionally, as the hierarchy highlights, 
there is an increase in renewable waste management technology funding. Primarily, funding 
for research and pilot implementation for Waste-to-Energy technology that points to a more 
sustainable future as our population as a state continues to grow.  

Conclusions 
Although Maine has one of the best recycling rates in the US, is recognized as a leader in 
HHW take-back, and has demonstrated a commitment to waste conversion technologies, it 
still  has  potential  to  improve.  Maine’s  current  base  municipal  recycling  rate  of  39.46%  falls  
short of the state goal, and many compostable and recyclable wastes still constitute a large 
amount of landfilled waste (Figure 1.5). In addition, not all recycling programs created by 
municipalities are effective at increasing recycling rates. There is however, the potential to 
use product stewardship programs as a way to keep HHW from landfills and incinerators, but 
as of now the programs are not reaching their own intended goals and are not achieving the 
necessary improvements. 

With the high costs of waste management creation, it is imperative that Maine adheres to the 
waste management hierarchy (Figure 1.2). Incineration, recycling and composting, and HHW 
take-back can work together, not having to remain at odds.  Landfills, incinerators, and 
improper disposal of HHW have public and environmental health effects. Capture methods 
and  recycling  efforts  are  necessary  to  mitigate  hazardous  pollutants  ending  up  in  Maine’s  
landfill and incinerators. Programs for HHW should be reworked to include all models of a 
product, volunteer organizations should develop relationships with manufacturers and 
disposal facilities, and any take-back program created should be geared to understand more 
about public perception. If Maine continues its precedent of strong recycling programs, 
leading HHW take-back, and demonstrating commitment to innovative waste conversion 
technologies, there is hope for the State of Maine to meet its waste reduction goals and 
become a national example of comprehensive responsible waste management.  

Develop an Integrated Composting Framework  
Based on the amount of organic waste that is still disposed in landfills, there is a need for 
improved composting in Maine. There is potential to build an integrated state-wide or 
numerous regional composting frameworks that can process larger volumes of yard and food 
waste. This framework would require robust cooperation between households, restaurants, 
municipalities, private companies, schools, colleges, and farmers. To achieve success in this 
framework, first, organic waste generated by households and restaurants could be dropped-
off at or collected by farmers, municipalities, and private companies. For example, in 
Portland, Garbage to Garden provides compost bins to households and picks them up from 
curbsides each week at a fee of $14 a month (Garbage to Gardens, n.d.). Second, some 
schools and colleges generate large amounts of organic waste and have the potential to create 
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independent composting facilities. Institutions that have demonstrated this ability include 
University of Maine which set up an automated composting unit called the EarthFlow 40, to 
compost dining hall waste and then use the compost for campus landscaping (UMaine, 
2013). Third, Maine has a large farming community that can take part in the composting 
framework as both producers and consumers of compost. Last, farmers can collaborate with 
college departments and the Maine Compost School to improve compost quality and 
minimize odor. Municipalities, private compost companies, and farmers, should also invest 
in encouraging households to participate in gathering compostable waste.  

Adoption of PAYT and recycling education programs 
We recommend that more municipalities adopt Pay-As-You-Throw (PAYT), recycling 
education programs, and avoid pursuing Mandatory Recycling Ordinances. First, PAYT 
involves both Curbside recycling and Zero-Sort recycling, both of which enhance recycling 
rates in the state. PAYT transfers waste disposal costs to households and consequently saves 
money at the municipal level. However, there is a need for the State to consider subsidizing 
waste disposal costs to low-income households. Despite proven effectiveness in lowering 
waste and promoting recycling within the state, only 32% of the Maine municipalities in the 
sample studied had PAYT. Second, we believe there is a need for more recycling education 
programs throughout Maine municipalities, which will not only make residents aware of 
recycling options but also create opportunities for community engagement activities that 
directly enhance recycling. Finally since Mandatory Recycling Ordinances do not seem to 
enhance recycling rates, we do not believe that they are a worthy time and monetary 
investment for municipalities. 

Future in Waste-to-Energy (WTE) Technologies 
Maine should consider investing in waste to energy technologies over expanding landfill 
capacity. The state of Maine has a history of being a leader in waste management. In 
continuing that trend Maine should be one of the first states to use the technologies stated 
above, as outlined by the EPA and the DEP, as well as look to other countries, such as 
Sweden for examples (Williams, 2011).  

WTE options exist outside of incineration and landfill gas to energy (LFGTE) projects. In the 
2014 State of Maine report, the Maine Department of Environmental Protection identified 
three broad categories of waste conversion technologies it was seeking to research and 
implement: thermochemical (such as gasification, pyrolysis, and plasma arc technology), 
physiochemical (such as distillation of ethanol and the production of biodiesel), and 
biochemical (such as anaerobic digestion and ethanol fermentation and hydrolysis). They 
listed  the  definition  of  public  benefit  as  including  “lower  GHG  and  other  air  emissions,  
renewable  energy  production,  offset  fossil  fuels,  and  beneficial  use  of  waste  materials”  
(Maine DEP, 2014e). 



State  of  Maine’s  Environment  2014 

49 
 

Sweden  is  considered  a  WTE  success  story.  Less  than  2%  of  Sweden’s  waste  ends  up  in  
landfills, 48% is converted to energy, and the remaining 48% recycled or composted. The US 
in comparison landfills 54% of its waste, 12% is converted to energy, and 34% is recycled or 
composted (Williams, 2011). Due to favorable policies such as a carbon tax, high landfill 
fees, and recognition that WTE is a renewable resource, Sweden has managed to make WTE 
the lowest energy production cost of all known and proven technologies (Duchesne, 2013; 
Williams, 2011). 

Programs to Improve Household Hazardous Waste (HHW) 
Collection and Recycling Rates  

Studies show that convenience is the biggest hindrance in recycling HHW (Massachusetts 
DPW, 2010; Wagner, 2009). In order to increase the frequency of recycling and overall rates 
of these products, recycling programs should have a greater focus on convenience for 
residents and targeted education of key demographics on the issue of recycling.  

Several places around the US have collection systems for HHW in addition to the permanent 
facilities as a way to increase collection rates (Massachusetts DPW, 2010). The following 
three recommendations and examples of successful programs suggest ways in which Maine 
could increase the total number of HHW collected to facilitate the process for proper disposal 
and recycling. First, retailers such as home improvement stores, warehouses, supermarkets, 
and mass merchandise stores should accept HHW products for recycling or disposal 
throughout the year (Wagner, 2009). Expanding drop-off sites to retail stores that 
homeowners frequent could increase recycling rates and eliminate issues of inconvenience. 
Second, municipalities should use mobile collection units could be used to travel within 
designated municipalities of transfer stations, as a way to encourage more convenient 
collection of HHW. Kansas City, Kansas has 10-12 mobile collections of HHW a year in 
addition to their permanent facility. Third, municipalities could adopt curbside collection of 
HHW throughout Maine, which would be the most convenient solution for residents. Denver, 
Colorado has had this option in place for about a decade. Residents must inform the 
collection company in advance that they would like to have HHW picked up at their 
residence. Each household is given a large plastic bag and a seal that cannot be opened again, 
and they can fill up the bag with up to 125 pounds of waste. Each household can use this 
option once a year. The City pays the contractor to pick up and take the HHW for proper 
recycling or disposal (Massachusetts DPW, 2010). These three strategies – retail drop-off 
sites, mobile collection, and curbside collection – could exponentially increase the number of 
HHW products collected for proper disposal and recycling (Massachusetts DPW, 2010; 
Wagner, 2009). 

In addition to the recommendation for increasing HHW collection, pharmaceutical drugs 
need a monitoring system that lessens the impacts of these products on environmental and 
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public health, while incorporating all stakeholders. Currently, the federal government does 
not require testing for pharmaceutical chemical compounds in water and has no safety limits 
for concentrations acceptable in water (Kunik, 2009). This type of research is extremely 
pivotal in developing management strategies that could help to mitigate the consequences of 
improper disposal of prescription drugs. Effective product stewardship management for with 
pharmaceuticals can be created only if its industry is willing to participate in mitigating 
unwanted or unused drugs available in households. France, Portugal, Spain, and Sweden all 
have this program. These countries have all enacted a national take-back program allowing 
consumers to return unwanted or unused prescription drugs to local pharmacies. Funding in 
each country, except Sweden, includes or is exclusively provided by the pharmaceutical 
manufacturers. Various provinces in Canada also have a comprehensive product stewardship 
program that includes the pharmaceutical companies (Maine DEP, 2011). However, the lack 
of industry support suggests difficulty in creating a pharmaceutical disposal control and 
programming. A voluntary program could help some type of management program for 
pharmaceuticals.  
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Appendix  
Appendix 1A 
A summary of five municipal policies and recycling rates for 50 municipalities sampled in 
our study (Maine DEP, 2014) 

Municipality Recycling 
Rate 

Curbside 
Collection 

Single 
Stream PAYT MMRO Municipal 

Composting 
Albion 0.00 No No No No No 
Alton 5.10 No No No No No 
Andover 7.65 No No No No No 
Arrowsic 7.66 No No No No No 
Auburn 9.00 No No No No No 
Boothbay 10.7 Yes No No No No 
Bowdoin 10.98 Yes No No No No 
Bowdoinham 12.79 Yes Yes No No No 
Bradley 12.80 Yes Yes No No No 
Bridgewater 14.00 No No No No No 
Bethel 14.30 No Yes No Yes No 
Brunswick 15.00 Yes Yes No No No 
Brooks  15.70 No No No No No 
Cape 
Elizabeth 15.70 No No No Yes No 

Bucksport 16.95 No No No No No 
Castine 16.95 No No Yes Yes Yes 
Cornish 17.90 No No No Yes Yes 
Bar Habor 17.95 Yes No No No No 
Cumberland 18.00 Yes Yes No No No 
Dayton 18.42 No No No Yes No 
Dedham 18.57 No No No No No 
Ellsworth 19.00 No Yes No No No 
Embden 21.00 Yes Yes Yes No No 
Falmouth 21.14 No Yes No No No 
Berwick 21.15 No No No No No 
Farmington 25.00 Yes No Yes No No 
Glenburn 26.00 No No Yes No No 
Greenbush 27.17 Yes Yes No No No 
Holden 28.40 Yes No No Yes Yes 
Hollis 29.00 Yes Yes No No No 
Kenduskeag 29.50 Yes Yes No Yes No 
Medford 33.49 Yes No Yes Yes No 
Milbridge 33.96 Yes Yes No Yes Yes 
Minot 36.00 Yes No Yes No No 
Morrill 37.32 No Yes No No No 
Oakland 38.60 Yes No No Yes No 
Oxford 39.00 Yes Yes No Yes No 
Old Town 39.00 Yes Yes Yes Yes Yes 
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Arundel 39.35 Yes No Yes No No 
Plymouth 42.00 Yes Yes No Yes No 
Pownal 46.01 Yes Yes Yes No No 
Portland 49.11 Yes Yes Yes No Yes 
Raymond 49.32 Yes Yes Yes Yes Yes 
Scarborough 50.00 Yes Yes Yes No Yes 
Vienna 56.10 Yes No Yes No No 
Windham 56.30 Yes Yes Yes No No 
Winslow 57.00 Yes Yes Yes No Yes 
Woolwich 59.00 Yes Yes Yes No No 
Yarmouth 65.00 Yes Yes No No No 
York 67.26 Yes No No No Yes 

 

Appendix 1B 

Glossary 

Hazardous Waste: Hazardous wastes are broken up into two categories to define type of 
hazardous waste for regulatory purposes, hazardous by characteristics and listed hazardous 
waste. Waste that is hazardous by characteristic is determined by having at least one of the 
following characteristics: ignitability, corrosivity, reactivity, and toxicity. Whereas, listed 
hazardous waste includes four different categories: (1) non-specific sources, (2) specific 
sources, (3) commercial chemical products, intermediates or off-specification products – 
either listed as acute or non-acute waste, and (4) polychlorinated biphenyl (PCBs) (Maine 
DEP, 2013f).  

Universal Waste: A universal waste is a type of hazardous waste that is created by anyone, 
such as batteries, certain lamps and fluorescent bulbs, mercury devices, mercury thermostats, 
and PCB ballast (Maine DEP, 2013g) 

Electronic Waste: Electronic wastes (e-waste) are defined as old or unusable computers and 
monitors, televisions, central processing units, cell phones, printers, stereos, DVD and video 
equipment, fax machines, and copiers (Bouvier & Wagner, 2011) 

Dry-cell Batteries: Dry-cell batteries, an umbrella term that include alkaline and zinc-carbon 
(everyday household batteries such as 9-volt, AA, AAA, D, and C), mercuric-oxide (button, 
cylindrical, and rectangular), and lithium (9-volt, C, AA, coin, button, and rechargeable). 
These types of batteries contain heavy metals that react with a chemical electrolyte in order 
to  product  a  battery’s  power. 

Mercury-added Lamps: Mercury-added lamps include linear fluorescent bulbs, compact 
fluorescent lights, black lights, high-intensity discharge, ultraviolet, and neon lights (MRS 
Title 38§1672). 



State  of  Maine’s  Environment  2014 

57 
 

Beneficial use of waste: The use of waste paper, waste plastics, waste wood, including wood 
from demolition debris, used motor vehicle tires or corrugated cardboard as a fuel in 
industrial boilers or waste-to-energy facilities for the generation of heat, steam or electricity 
constitutes recycling only for the purposes of meeting the state goals for municipalities. In 
order for the use of waste under this subsection to constitute recycling, the department must 
determine that there is no reasonably available market in the State for recycling that waste 
and the wastes must be incinerated as a substitute for, or supplement to, fossil or biomass 
fuels incinerated in the industrial boiler or waste-to-energy facility (38 MRS §2132 (3)). 

Municipal solid waste: MSW includes everyday materials from households, schools, 
hospitals, and businesses (EPA, 2012b).  

Recycle: "Recycle" means to recover, separate, collect and reprocess waste materials for sale 
or reuse other than use as a fuel for the generation of heat, steam or electricity (38 MRS 
§1302-C (21)) 

Recycling:  “Recycling"  means  the  collection,  separation,  recovery  and  sale  or  reuse  of  
materials that would otherwise be disposed of or processed as waste or the mechanized 
separation of waste, other than through combustion, and the creation and recovery of 
reusable materials other than as a fuel for the generation of electricity (38 MRS §1302-C 
(22)). 

Solid waste: "Solid waste" means useless, unwanted or discarded solid material with 
insufficient liquid content to be free-flowing, including, but not limited to, rubbish, garbage, 
refuse-derived fuel, scrap materials, junk, refuse, inert fill material and landscape refuse, but 
does not include hazardous waste, biomedical waste, septage or agricultural wastes (38 MRS 
§1302-C). 

Energy Recovery from Waste: “Energy  recovery  from  waste”  is  the  conversion  of  non-
recyclable waste materials into useable heat, electricity, or fuel through a variety of 
processes, including combustion, gasification, pyrolization, anaerobic digestion, and landfill 
gas (LFG) recovery. This process is often called waste-to-energy (WTE) (EPA, 2014 (EPA, 
2014a)). 
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Appendix 1C  

Summary of product stewardship programs 

Product Year Program Details Results Challenges and 
Issues 

Dry-cell 
Batteries 1991 

Rechargeable 
batteries program 
managed by 
Call2Recycle; 
Registering and 
facilitating collection 
sites (Call2Recycle, 
2013) 
 

Increased total weight by 
33% from 2008 to 2012, 
which is due to more 
public awareness and 
participation (Maine 
DEP, 2014c) 

Lack of Maine-specific 
battery data, resulting in 
the lack of indication of 
the success of the 
program (Rubin et al., 
2010) 

Electronic 
Devices 2006 

Goodwill and Dell 
accepting computer-
related electronics 
through their 
ReConnect program 
at all Goodwill 
locations in Maine 
(Maine DEP, 2014c) 

Collected 6.406 million 
kilograms the first three 
years (Bouvier & 
Wagner, 2011); 
Collected 37 million 
pounds and an 
estimated 4 million 
pounds of lead; 
Increased number of 
locations and events for 
recycling; Decreased 
drop-off fees; Increase in 
jobs for collection, 
consolidation, hauling, 
and recycling; Reduced 
costs for local 
government and 
taxpayers by $11 million 
(NRCM, 2014b). 
 

Lack of standardization of 
municipalities collection 
of  e-waste (in terms of 
disposal fees, user 
eligibility, and facility 
frequency); Households 
with solid waste curbside 
collection are less likely 
to bring e-waste to the 
transfer station to be 
recycled (Bouvier & 
Wagner, 2011) 

Mercury-
Thermostats 2009 

Sale or distribution of 
the device was 
prohibited; 
Thermostat 
Recycling 
Corporation (TRC) 
facilitates the 
program and disposal 
sites; Manufacturers 
are responsible for all 
existing devices and 

Highest per capita 
collection rate for states 
in the country, ten times 
higher than the national 
average (NRCM, 2013) 
 

TRC have programming, 
leading to the lessening 
of incentive for 
manufacturers to fund 
financial incentives which 
increase collection rates 
(Rubin et al., 2010); Not 
met the weight collection 
per year goal set by the 
State and TRC (Maine 
DEP, 2014c); Only 
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funds the $5 
incentive (NRCM, 
2013). 

collected 26% of the 
number of available 
thermostats per year 
(Rubin et al., 2010) 
 

Mercury-
added 
lamps 

2009 

NEMA manages the 
whole program for 
every type of 
mercury-added lamp, 
whereas Efficiency 
Maine helps facilitate 
for only compact 
fluorescent lights 
(CFLs) (Maine DEP, 
2014c) 
 

Achieved a 29% 
recycling rate (Maine 
DEP, 2014c). 

CFL users do not recycle 
as much because many 
CFL users believe that 
disposal sites or transfer 
stations accepting CFLs 
are inconveniently 
located (NRCM, 2013; 
Wagner, 2009) 
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The State of Alternative Transportation 
Jeff Meltzer, Leah Powley, and Alex Wilsterman 

Executive Summary 
The  “State  of  Maine’s  Alternative  Transportation  2014”  is  the  second  chapter  in  The State of 
Maine’s  Environment  2014, a report produced by the Environmental Policy Group in the 
Environmental Studies Department at Colby College in Waterville, Maine. In this chapter of 
the report, we analyze the status of alternative transportation in Maine. 

Climate  change  poses  a  serious  threat  to  Maine’s  environment  and  economy,  and  the  
transportation sector accounts for 28% of climate change-inducing greenhouse gas emissions. 
Developing and encouraging more environmentally-friendly transportation options is one 
way to reduce the effects of transportation on the environment. In this chapter, we provide 
information about the state of three modes of alternative transportation in Maine: electric 
vehicles, bicycles, and public transportation. We describe the history of each of these modes 
of transportation, summarize relevant regulations and stakeholders, and assess the status of 
each mode in Maine. We find that only 0.06% of vehicles in Maine are plug-in electric 
vehicles, only 0.5% of Maine commuters travel to work by bicycle, and only 0.8% of Maine 
commuters use public transportation. We analyze the economic, human health, and 
environmental implications of adopting alternative transportation systems in the state. We 
conclude that by adopting electric vehicles, bicycles, and public transportation, consumers 
can save money, improve their health, and lessen their impacts on the environment. We 
recommend that the State government, local NGOs, and other important stakeholders should 
collaborate to educate Mainers about the benefits of alternative transportation. Additionally, 
the  State  government  should  create  a  “complete  streets”  urban  plan  and  implement  economic  
incentives to encourage the use of alternative transportation. 

Introduction 
Anthropogenic greenhouse gas (GHG) emissions contribute to climate change, which is 
causing more frequent and intense storms, reduced ice cover in the Arctic, sea level rise, 
species extinction, heat waves, and water shortages (USEPA, 2014c; USGCRP, 2014). Maine 
is already experiencing the impacts of climate change. For example, increased temperatures 
are  altering  species  composition  in  Maine  forests  by  shifting  species’  ranges  and  increasing  
habitat that is favorable for invasive plant and insect species (Wagner, 2014). Forests are not 
the  only  ecosystems  at  risk:  the  Gulf  of  Maine  is  warming  faster  than  99%  of  the  world’s  
oceans, and this temperature change will significantly impact the lobster and other fishing 
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industries as well as the many Mainers who depend on these industries for their livelihoods 
(Whittle, 2014). Other potential consequences of climate change in Maine include increased 
coastal erosion, latitudinal fishery shifts, and stronger heat waves, all of which would 
threaten  Maine’s  top  industry:  tourism  (Lausier, 2014; Miller, 2014). 

Our current standard of living involves many GHG-intensive processes, but some—such as 
electricity production, heating, and transportation—are more polluting than others. In 2012, 
28% of US GHG emissions came from the transportation sector (USEPA, 2014e). The 
relationship between transportation and climate change is not one-directional, however. The 
extreme storms caused by climate change are likely to threaten the reliability, functionality, 
and cost of transportation infrastructure in the US (Schwartz et al., 2014). Growing efforts to 
reduce  emissions  from  the  transportation  sector  range  from  increasing  vehicles’  fuel  
economy to adopting cleaner, alternative forms of transportation. Alternative transportation 
has the potential to limit climate change threats by reducing GHG emissions. Maine, 
however, compared to other New England states and regions across the country, has been 
slow to adopt alternative transportation. We believe this slow rate of adoption is due to the 
state’s  small  population,  low  population  density,  and high average age (US Census Bureau, 
2010).  Most  of  the  state’s  residents  travel  by  conventional  automobiles,  which  are  often  seen  
as the most convenient  mode  of  transportation  to  connect  Maine’s  relatively  scattered  
population to homes, schools, and workplaces (Hinkley, 2014).  

In this report, we define alternative transportation as modes of transportation that have the 
potential to emit fewer GHGs per traveler than conventional gasoline or diesel powered 
vehicles (Egbue & Long, 2012; Krause, Carley, Lane, & Graham, 2013). A wide variety of 
transportation alternatives exist—including biofuel-powered vehicles, walking, taxis, and 
carpooling services—but in this report, we focus on electric vehicles (EVs), bicycles, and 
public transportation as representative examples of alternative transportation. 

We chose these three different forms of alternative transportation in part because data were 
readily available. We chose EVs because sales of EVs and hybrids are expected to rise to 7% 
by 2020 (Faria, Baptista, & Farias, 2014; USDOE, 2014b), but as of late 2014, EVs only 
comprise 0.06% of all vehicles in Maine (Hinkley, 2014). Widespread EV adoption would 
require  a  drastic  shift  in  Maine’s  transportation  infrastructure  and  public driving habits. We 
use the term EV to denote plug-in electric vehicles, which refer to two different technologies: 
battery electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs). BEVs 
exclusively use electric, rechargeable batteries rather than internal combustion engines used 
in conventional vehicles (CVs). PHEVs, on the other hand, contain both an internal 
combustion engine and a rechargeable battery in order to increase range. 

Bicycling is a zero-emission form of transportation that is critical  to  Maine’s  valuable  
tourism industry, yet only a small percentage of all commuter trips in the state are taken by 
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bicycle (Milne & Melin, 2014). We decided to research bicycling in order to better 
understand why this mode of transportation is unpopular, what factors affect its rates of use, 
and what the State government and other stakeholders currently do—and what they can do—
to promote bicycle use. 

Public transportation offers the ability to move large quantities of people using few vehicles. 
Because Maine has the lowest population density across New England, Maine faces unique 
issues for public transit (ACS, 2012). We only address public bus systems and exclude other 
forms of public transit because bus systems are the most prominent form of public 
transportation in Maine. We did not examine railroad public transit in Maine due to the small 
number of rail lines and low annual ridership compared to public buses.  
EVs, bicycles, and public transportation have the  potential  to  diversify  Maine’s  
transportation sector and reduce related GHG emissions. Each mode operates on a different 
scale and has its own limitations: EVs require modifications of the existing infrastructure and 
travel habits; bicycles are largely local, seasonal, and used for shorter distances; and public 
transportation can require large investments in new infrastructure and equipment as well as 
changes in behavior. 

Objectives 
In  this  chapter  of  the  State  of  Maine’s  Environment  2014,  we  focus  on  the role and status of 
three modes of alternative transportation in Maine: EVs, bicycles, and public transit systems. 
We begin by providing background information about each type of transportation. We then 
summarize existing laws governing each mode of transportation on national and state levels, 
identify key stakeholders, and describe barriers to adoption and the current state of relevant 
infrastructure. We also discuss the implications these forms of alternative transportation can 
have on human health, the economy, and the environment. We conclude with a set of 
recommendations intended to improve alternative transportation options in Maine. 

Background 
In this section we provide background information about EVs, bicycles, and public 
transportation both generally and in Maine. 

Electric Vehicles (EVs) 
EVs are far from a recent invention; in 1900, EVs accounted for a third of all vehicles on US 
roads (USDOE, 2014b). However, the popularity of EVs declined with the advent of 
inexpensive gasoline-powered vehicles, such as the 1908 Ford Model T. It was not until the 
Arab Oil Embargo and the passage of the Clean Air Act in the early 1970s that EVs emerged 
again as a potential cleaner and cheaper alternative to conventional automobiles (EAA, 
2014). However, mass-produced alternatively fueled vehicles were not introduced to the 
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public until the late 1990s when Toyota released the Prius hybrid and Honda, GM, Ford, 
Nissan, Chevy, and Toyota began selling fully electric vehicles. Although the Prius gained 
market share, fully electric vehicles, such as the GM EV1, were discontinued in 2001 
because automakers claimed they could not make them commercially viable (PBS, 2009). 

EVs made another resurgence in 2006 with the formation of Tesla Motors, a new EV startup 
company. Tesla inspired other companies to begin developing their own EVs and also 
prompted the US Department of Energy to invest in EV research and infrastructure (USDOE, 
2014b). The first modern plug-in EV released in the US was the Tesla Roadster in 2008, 
followed by the Nissan LEAF in 2010 and the Chevrolet Volt in 2011 (Chevrolet, 2014; 
Nissan, 2014; Tesla Motors, 2014). As of November 2014, there were approximately 
275,000 EVs on US roads and consumers purchase an average of 100,000 new ones each 
year (EDTA, 2014; USDOE, 2014b).  

Worldwide, EVs and hybrids made up over 3% of new vehicle sales in 2014, but studies 
show they could comprise up to 7% of car sales by 2020 as prices decrease and battery 
technology improves (Faria et al., 2014; USDOE, 2014b). One constraint to this growth is the 
availability of public charging infrastructure. Public chargers need to be widespread, 
affordable, convenient, and able to use the existing energy grid. Although most EV owners 
charge at home, many employers and businesses are installing charging stations to encourage 
the adoption of EVs (Puser, 2014; USDOE, 2014a). 

As of 2014, most new fully-electric, or battery electric, vehicles (BEVs) have an average 
range of 70-110 miles per charge, although some high-end models like the 2014 Tesla S BEV 
have the ability to travel about 300 miles on a single charge (Tesla Motors, 2014). Unlike 
BEVs, plug-in hybrid electric vehicles (PHEVs) contain both rechargeable batteries and 
conventional gasoline-powered engines to allow for further travel  after  the  electric  batteries’  
charges are drained. Both types of EVs are largely considered environmentally-friendly 
alternatives to gasoline-powered vehicles because they emit fewer GHGs (Sierra Club, 
2012). Even though PHEVs still use gasoline, they use substantially less than the standard 
car. Because BEVs run completely on batteries, they have zero tailpipe emissions, but there 
are emissions associated with the generation of the electricity used to charge the battery (e.g., 
coal burning, solar power, etc.) (Scown, Taptich, Horvath, McKone, & Nazaroff, 2013; 
Sierra Club, 2012). 

Bicycles 
Bicycling is another form of alternative transportation that has the potential to simultaneously 
reduce the use of CVs and limit GHG emissions, but unlike EVs, bicycling can also improve 
(Puser, 2014)physical fitness (Milne & Melin, 2014; Pucher, Dill, & Handy, 2010). Bicycling 
can be both a utilitarian and a recreational activity, providing a mode of transportation to and 
from work and also a mechanism for personal exercise and enjoyment (Milne & Melin, 
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2014). Cities around the world, such as Perth, Australia and Arhus, Denmark, are promoting 
bicycle use by establishing new or additional bicycle infrastructure, hosting special bicycle-
focused  events  (e.g.,  “Bike  to  Work  Day”),  and  amending  vehicular  traffic  laws  to  create  
safer environments for bicyclists (Pucher et al., 2010). The rate of bicycle use depends on 
numerous variables, including age and gender demographics, ethnicity, car ownership, 
existing infrastructure, distance between locations, and climate (Hunt & Abraham, 2007; 
Pucher, Buehler, & Seinen, 2011; Rietveld & Daniel, 2004). Policymakers and other 
stakeholders must understand these factors and their influences in order to successfully 
promote and implement bicycling as a method of alternative transportation. 

Throughout history, US bicycling rates have remained fairly low, yet data from the past few 
decades demonstrate a small increase (McKenzie, 2014). A 2014 Benchmarking Report by 
the Alliance for Biking and Walking found that only 1% of all trips—recreational and work-
related—taken in the US are by bicycle (Milne & Melin, 2014). This rate, however, is three-
times as high as the national bicycling rate in 1977 (Pucher et al., 2011). Among commuters, 
bicycling is the least popular mode of transportation: only 0.6% of commuters (786,000 
individuals) nationwide travel to work by bicycle, compared to 86.2% by individual vehicles, 
5.0% by public transit, and 2.8% by walking (McKenzie, 2014; Milne & Melin, 2014). This 
rate, however, represents a 60% increase in commuter bicycling from 2000 levels 
(McKenzie, 2014). 

The Northeastern region of the US, which encompasses Maine, has the lowest bicycling rate 
in the country (Pucher et al., 2011). The region’s  low  bicycling  rate  does  not,  however,  
automatically denote increased vehicle use in the region, for the commuter walking rate in 
the Northeast is higher than in other regions (McKenzie, 2014). 

Public Transportation 
Public bus systems are another mode of alternative transportation that can reduce GHG 
emissions. The public (e.g., multi-person) nature of bus systems allows individuals to travel 
in fewer vehicles, thus reducing both the number of vehicles on the roads and subsequent 
GHG emissions. Although many buses still run on gasoline, an increasing number of bus 
systems now use alternative,  “cleaner”  fuels,  such  as  biofuel,  natural  gas,  or  electricity.  
Governments and municipalities that choose to implement public bus systems—especially 
systems powered by alternative fuels—can become leaders in local alternative transportation 
movements and act as examples for other cities seeking to make their transportation systems 
more sustainable in an economically feasible way.  

Public transportation began in Maine in 1860 when the Portland and Forest Avenue Railroad 
Company was founded (GPTD, 2011). By 1890, the company had changed its name to the 
Portland Railroad Company and was the largest rail company in Maine, owning a fleet of 54 
rail cars across 14 miles of tracks (GPTD, 2011). As electric streetcars became popular 
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across the country, the next year, in 1891, electric streetcars were implemented and 
integrated into the city of Portland. By 1941, all towns within the greater Portland area 
operating electric streetcars shut down operations for good. The next year, the Cumberland 
County Power and Light Company was absorbed by the Central Maine Power Company and 
replaced its streetcars with buses (GPTD, 2011). In 1966, the Greater Portland Transit 
District took control of the privately owned company and purchased the existing buses 
(GPTD, 2011). Additionally, the district ran the Portland and South Portland School Bus 
systems, operating a total of 68 buses (GPTD, 2011).   

In 1988 and 1990, the Transit District purchased its first flexible handicapped-accessible 
buses in order to expand its customer base and increase overall public inclusion (GPTD, 
2011). In 1995, the district instated two new battery powered electric buses for a commuter 
shuttle  service,  which  demonstrated  the  district’s  commitment  to  the  implementation  of  
alternative fuels (GPTD, 2011). This commitment continued in 2006, when the district 
purchased 13 new natural gas-powered buses and set up fueling stations to accommodate 
their alternative energy needs. Today, private bus companies still remain in Maine such as 
Concord Coach Lines, established 1967, and Greyhound Lines, established 1914. Due to 
their status as private companies, they are unwilling to release ridership data and have 
therefore been omitted from this report. 

Methods 
To assess the current state of alternative transportation in Maine, we gathered and analyzed 
information from existing literature, websites, and personal communications. We first 
evaluated and reviewed existing peer-reviewed literature relevant to the topic of alternative 
transportation using Academic Search Complete, Scopus, and Google Scholar. We obtained 
additional  print  literature  from  Colby’s  libraries and through the Interlibrary Loan system 
with Bates and Bowdoin Colleges. We also gathered information from the websites of 
federal, state, and local government agencies—including the US Environmental Protection 
Agency, the Maine Department of Transportation, and the Greater Portland Council of 
Governments—and non-governmental organizations. We conducted five informal, in-person 
interviews with local stakeholders and communicated with 23 experts from Maine and other 
New England states via telephone and email. We also used new car sales data from the 
Maine Bureau of Motor Vehicles to determine the emissions reductions associated with 
buying electric vehicles instead of conventional vehicles. 

We obtained Geographic Information Systems (GIS) data from the Alternative Fuels Data 
Center and from Garry Hinkley of the Maine Bureau of Motor Vehicles to use in the electric 
vehicle  map.  We  used  data  from  the  Maine  Office  of  GIS  and  the  US  Census  Bureau’s  
American Community Surveys to map the rates of bicycle use in Maine. We also acquired 
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data  from  the  Maine  Department  of  Transportation  and  the  US  Census  Bureau’s  American  
Community  Surveys  to  map  the  annual  public  bus  rides  per  capita  in  Maine’s  transit  regions.   

Laws and Regulations 

Multiple laws govern the use of electric vehicles (EVs), bicycles, and public transportation in 
the US. The majority of these regulations pertain to one of the three modes of alternative 
transportation, so there is little overlap. One of the most important federal laws pertaining to 
electric vehicles (EVs) is the 2009 American Recovery and Reinvestment Act, otherwise 
known as the Stimulus Bill (Table 2.1). The Obama Administration set a goal of having one 
million EVs on US roads by 2015. The Stimulus Bill allocated $2 billion for federal 
consumer tax credits and the development of public charging infrastructure (Egbue & Long, 
2012; Krause et al., 2013).  

Many US states also offer incentives for EVs, such as an additional tax credit, subsidies for 
home charging stations, access to high-occupancy vehicle lanes, free parking, and discounted 
vehicle registration fees (Krause et al., 2013). Maine, however, has few policies that provide 
incentives for EVs compared to states like Vermont and Massachusetts. 

Important legislation for bicycles includes one international treaty regarding the general use 
and relevant safety requirements of bicycles: the 1968 Vienna Convention on Road Traffic 
(ECE, 1968). The US, however, failed to sign and ratify this treaty and is thus not obligated 
to abide by it (ECE, 2007). Relatively few bicycle-related federal and state laws exist and 
those currently in place do not govern bicycle use in particular. Five federal laws regulate 
funding and development of national bicycling programs and infrastructure (Table 2.1). 
These five federal laws help to create educational and safety resources for bicyclists and fund 
national bicycle infrastructure projects. Of particular significance to bicycling is the Moving 
Ahead for Progress in the 21st Century Act (MAP-21).  The  Act’s  passage  in  2012  
substantially reduced federal funds for bicycle and pedestrian activities and infrastructure by 
combining and reducing total funds for the Transportation Alternatives program, Safe Routes 
to School program, and Recreational Trails program (Hall, 2012). 

Table 2.2 includes the two most relevant Maine bicycling laws. The Bicycle and Roller Skis 
Safety Education Act, which requires helmet use, is of particular interest as laws mandating 
helmet use often lead to reduced bicycling rates (Pucher et al., 2010). 
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Table 2.1 Selected federal laws and regulations pertaining to electric vehicles, 
bicycling, and public transportation in the United States. ISTEA, TEA-21, SAFETEA, 
and MAP-21 all span multiple disparate sections of USC Title 23, so for the sake of 
space, only the title number is listed. 

Law Year Description Location 

Urban Mass 
Transportation Act 1964 

Provided $375 million in capital assistance over three years 
for the advancement of economic efficiency and livability in 
areas of future development; established the Federal Transit 
Administration 

49 USC 
§53 

Department of 
Transportation 
(DOT) 

1966 

Establishes the DOT and its Secretary in order to develop 
and advance aviation, international, and other transportation 
policy; establishes the Deputy Assistant Secretary for Tribal 
Government Affairs and the Office of Climate Change and 
Environment 

49 USC 
§102 

Electric and Hybrid 
Vehicle Research, 
Development, and 
Demonstration Act 

1976 

Promotes (1) research and development, (2) demonstrating 
the economic and technological feasibility, (3) removing 
barriers to, and (4) promoting the substitution of 
conventional vehicles with electric and hybrid vehicles 

15 USC 
§2501 

Pedestrian and 
Bicycle 
Accommodations 
and Projects 

1984 

Establishes eligibility requirements for federally-funded 
bicycle infrastructure projects; requires federally-funded 
highway and road projects to accommodate the safety of 
pedestrians and bicyclists 

23 USC 
§109, 217, 
315, 402 

Clean Air Act 
Amendment 1990 

Requires reduced emissions from cars, trucks, and buses 
and establishes tighter pollution standards for emissions 
from automobiles and trucks 

42 USC 
§7401 

Intermodal Surface 
Transportation 
Efficiency Act 
(ISTEA) 

1991 

Appropriates National Highway System (NHS) funds to each 
state for the employment of State Bicycle and Pedestrian 
Coordinator(s) tasked with promoting bicycle use and 
developing bicycle infrastructure 

23 USC 

Energy Policy Act 1992 
Requires a certain percentage of new light-duty vehicles 
acquired by federal fleets to be alternative fuel vehicles, 
which includes electric vehicles 

42 USC 
§13212 

Transportation 
Equity Act for the 
21st Century (TEA-
21) 

1998 

Requires the Secretary of Transportation to develop a 
“national  bicycle  safety  education  curriculum”;;  requires  the  
Secretary of Transportation to work with other parties to 
accommodate pedestrians and bicyclists in future roadway 
design  

23 USC 

Safe Accountable 
Flexible Efficient 
Transportation 
Equity Act 
(SAFETEA) 

2005 

Establishes and provides funds for the Safe Routes to 
School program to encourage schoolchildren to bike or walk 
to school; nationwide development and maintenance of 
recreational trails; grant appropriations to non-profit bicycle- 
and pedestrian-related organizations to create educational 
programs and improve bicyclist and pedestrian safety 

23 USC  
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American Recovery 
and Reinvestment 
Act 

2009 

Provides $115 million to promote an electric vehicle 
charging infrastructure and makes a tax credit of up to 
$7,500 available for the purchase of a qualified new plug-in 
electric vehicle 

26 USC §1 

Moving Ahead for 
Progress in the 21st 
Century Act (MAP-
21) 

2012 

Contains a High Occupancy Vehicle (HOV) lane exemption, 
wherein states can allow certified low emission vehicles to 
use the HOV lane; consolidates three previous 
transportation programs into the Transportation Alternatives 
Program (TAP) and reduces funds for bicyclist and 
pedestrian programs in 2013 by $391 million 

49 USC 
§30171; 23 
USC 

 
Table 2.2 Selected State laws and regulations pertaining to electric vehicles, 
bicycling, and public transportation in Maine. 

Law Year Description Location 

Department; 
Commissioner 1987 

Charges the Maine Department of Transportation 
(MaineDOT) with coordinating and developing a 
balanced transportation policy and convenient 
transportation facilities and services 

23 MRS 
§4205 

Efficiency Maine 
Trust Act 

1987 
Allows insurance companies to credit and refund a 
portion of the insurance premium to clean fuel vehicle 
owners 

10 MRS 
§963-A 

Public Transportation 
Administration 1987 

Divides Maine into transportation regions in order to 
fairly distribute funds; establishes the Interagency 
Coordinating Committee to promote cooperative 
efforts and strategic planning of public transit across 
the regions 

23 MRS 
§4209 

Public-private 
partnerships; 
transportation 
projects 

1987 

Applies to a proposal or agreement for a private 
entity to form a public-private partnership when the 
department estimates that the initial capital cost of a 
project is $25,000,000 or more 

23 MRS 
§4251 

Bicycle and Roller 
Skis Safety 
Education Act 

1999 Requires bicyclists and roller skiers under the age of 
16 to wear properly-fitting helmets 

29 MRS 
§2323 

An Act to Create a 
Smart Grid Policy in 
the State 

2009 Promotes the development of infrastructure related to 
plug-in electric vehicles 

35-A MRS 
§3143 

Rules of the Road 2009 

Requires bicyclists to ride with the flow of traffic (on 
the right side of the road); requires motor vehicles to 
pass bicyclists on the left and at a distance of no less 
than three feet 

29 MRS 
§2063, 2070 

State of Maine 
Commercial Laws & 
Regulations 

2012 Outlines registrations and owning restrictions of 
commercial vehicles in Maine 29-A MRS 
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Stakeholders 
The majority of stakeholders relevant to alternative transportation in Maine fall into one of 
five categories: government bodies, non-governmental organizations (NGOs), producers and 
retailers, employers, and the general public. In the following section, we identify 
stakeholders specifically involved with electric vehicles (EVs), bicycling, and public 
transportation.  

Government Agencies 
Numerous government agencies direct transportation activities in the US and in Maine. 
However, the majority of the agencies that are relevant to the three modes of transportation 
discussed in this chapter relate mostly to EVs and public transportation.  

Federal Government 
Multiple federal agencies in the US are involved directly and indirectly with alternative 
transportation. Of most importance are the Environmental Protection Agency (EPA), the 
Department of Energy (DOE), and the Department of Transportation (DOT). The stated 
mission  of  the  EPA  is  “to  protect  human  health  and  the  environment”  (USEPA, 2014a), 
specifically through the lenses of energy, agriculture, economic growth, trade, and 
transportation (USEPA, 2014d).  The  EPA’s  Office  of  Transportation  and  Air  Quality  works  
most closely with alternative transportation. This Office regulates mobile sources of 
greenhouse gases (GHGs) (i.e., vehicles) and other air pollutants, develops clean 
technologies and fuels, and promotes alternatives to vehicular transportation to minimize 
emissions (USEPA, 2014b). 

The DOE is the federal body most involved with EVs. The 2009 Stimulus Bill gave the DOE 
the authority and funds to issue consumer tax credits for EVs and contribute to the 
development of EV and battery technology (USDOE, 2014b). Additionally, in 2009, the 
DOE implemented the EV Project, which provided $230 million for the installation of 13,000 
charging stations and for the analysis of usage data from over 8,300 EVs (ECOtality, 2013).  

The DOT significantly influences bicycle policy. The Federal Highway Administration 
(FHWA) Bicycle and Pedestrian Program, which operates under the DOT, serves as a 
promotional and educational body and develops programs designed to increase bicycle 
ridership and improve existing bicycle infrastructure and safety measures nationwide 
(FHWA, 2014a). The FHWA Bicycle and Pedestrian Program provides significant annual 
funding to states for bicycle and pedestrian services, programs, and infrastructure. In 2013, 
Maine received over $480,000 from the FHWA for bicycle- and pedestrian-related 
developments (FHWA, 2014b). The program also advises communities about integrative 
bicyclist and pedestrian development projects (LaHood, 2010). 
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The federal agency in charge of public transportation in the US is the Federal Transit 
Administration (FTA). Its goal is to provide financial and technical assistance to local public 
transit systems (USDOT, 2014). The FTA is one of ten administrations that fall under the 
umbrella of the DOT (USDOT, 2014). It was originally formed as the Urban Mass Transit 
Transportation Administration in 1964 after President John F. Kennedy requested that 
Congress establish a federal program for capital assistance in the public transportation 
industry (USDOT, 2014). The FTA today regulates all public transportation including buses, 
subways, light rail, commuter rail, monorail, passenger ferry boats, and trolleys. Financial 
assistance helps to develop new transit systems as well as to improve, maintain, and operate 
already existing systems (USDOT, 2014).  

State of Maine Government 
The Maine State government is responsible for regulating and establishing incentives for the 
three modes of alternative transportation we studied. Specifically, the Department of 
Environmental  Protection  (DEP)  and  the  Governor’s  Energy  Office  are  responsible  for  
joining regional agreements and setting emissions standards. The Maine Public Utility 
Commission (PUC) manages all utilities in Maine and oversees the Efficiency Maine Trust, 
which funds energy efficiency projects. These governmental bodies have the ability to 
incentivize alternative transportation and their associated infrastructure in Maine. 

The Maine Department of Transportation (MaineDOT) Bicycle and Pedestrian Program 
works with community members, government authorities, health officials, and city planning 
agencies to ensure bicyclist safety and reform policy and infrastructure to suit the needs of 
the bicycling community (MaineDOT, 2014). The program educates communities about the 
benefits of bicycling, responds to citizen concerns about infrastructure and safety, and 
conducts frequent construction projects to develop and improve bicycle trails and sidewalks 
(MaineDOT, 2012, 2014). 

The Maine Transit Association (MTA) regulates public transportation in the state. The MTA 
devotes its work to providing leadership, resources, support, and technical assistance to 
transit agencies throughout Maine (MTA, 2014). The association works much like the 
MaineDOT as it works as a parent association to smaller organizations dispersed throughout 
the local Maine communities (MTA, 2014). Additionally, the MTA provides transit 
assistance to anyone who needs a ride—from an elderly person in need of a ride to the 
doctor’s  office  to  a  weekend  visitor  looking  to  explore  one  of  Maine’s popular tourist 
destinations. In 2012, the MTA serviced more than seven million travelers throughout Maine 
(MTA, 2014). 

Local Governments 
Local governmental bodies, such as the Greater Portland Council of Governments (GPCOG), 
can further encourage the adoption of alternative transportation. In 2011, GPCOG formed the 



State  of  Maine’s  Environment  2014 
 

72 
 

EV Stakeholder Group (see State of Electric Vehicles section). Additionally, GPCOG leases 
a Nissan LEAF, which it lends out to its member municipalities and stakeholders in order to 
educate them about the benefits of EVs (Puser, 2014).GPCOG’s  website  features  videos  and  
testimonials of some of the 11 municipalities that have borrowed its EV, and states that the 
program has led to the adoption of five EVs and the installation of seven EV charging 
stations in the Portland area (GPCOG, 2014). GPCOG also conducts research on EVs and 
their feasibility in Maine.  

Some local governments also incentivize alternative transportation by providing charging 
stations and offering preferred parking spaces for EVs, installing public bicycle racks, 
implementing bicycle-sharing programs, and establishing bicycle and bus lanes. The City of 
Portland, for example, is currently working with the EPA to conduct cost-benefit analyses 
and feasibility studies regarding the implementation of a citywide bicycle-sharing program 
(Levine, 2014; USEPA, 2013). 

While the Greater Portland Metro District may be the first thing that comes to mind when 
considering public transportation in Maine, other community programs account for the 
majority of mass transit rides in the state (MaineDOT, 2011). The Kennebec Valley 
Community Action Program and the York County Community Action Corporation are two 
examples of local agencies providing the most assistance with regards to ridership (KVCAP, 
2013; YCCAC, 2013). While these programs do not help to aid the advancement of public 
transportation, they do provide means of transit to those citizens who need it most, such as an 
elderly non-driver  who  needs  a  ride  to  a  doctor’s  appointment.  Additionally,  local  
governments in some of the more populated regions in Maine such as Bangor, Bath, and 
Penquis have established small bus systems (PTP, 2013). 

Non-governmental Organizations 
To our knowledge, no national organization exists that focuses exclusively on EVs, 
bicycling, and public transportation nationwide or in Maine, but several organizations 
emphasize alternative transportation in general. For example, the international Institute for 
Transportation & Development Policy (ITDP) promotes bicycling, walking, and public 
transit through outreach and educational programs (ITDP, 2014). There are also many non-
governmental organizations (NGOs) across the US and in Maine that promote alternative 
transportation as a way of reducing GHG emissions. National organizations include the 
Sierra Club, the Natural Resources Defense Council, and the National Complete Streets 
Coalition; state organizations include the Natural Resources Council of Maine (NRCM).  

National and state level NGOs pertaining to EVs, bicycling, and public transportation 
individually also exist. National organizations include Plug-in America, National Drive 
Electric Week, the Adventure Cycling Association, the League of American Bicyclists, the 
American Public Transportation Association, and the Community Transportation Association 
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of America. Relevant state level organizations include the Bicycle Coalition of Maine 
(BCM). 

Several industry-sponsored groups are dedicated to lobbying lawmakers to develop 
regulations that promote the adoption of EVs, encouraging their members and the public to 
purchase or lease EVs, and informing consumers about the benefits of EVs. These include 
Plug-in America, the GoElectricDrive Foundation, and National Drive Electric Week 
(NDEW) (NDEW, 2014). One way the NDEW promotes EVs in Maine is through the annual 
National Electric Drive Day. At the 2014 event, members from the NRCM, Electric Mobility 
New England, GPCOG, and existing EV owners were present to promote EVs. Additionally, 
local car dealerships provided opportunities for people to test drive multiple EV models. The 
goal of the event was to get as many people as possible to test drive EVs with the hopes that 
they would one day purchase or lease them (Lausier, 2014; Puser, 2014; Woods, 2014). To 
our knowledge, the only state NGOs pertaining to EVs are smaller chapters of various 
national organizations. 

Multiple non-governmental bicycle advocacy organizations exist on the national level. A few 
of the largest and most significant bicycle-related organizations in the US include the 
Adventure Cycling Association, the Association of Pedestrian and Bicycle Professionals, the 
League of American Bicyclists, and the National Center for Bicycling and Walking. These 
groups provide detailed bicycle route maps, lead guided bicycle tours, and organize 
workshops and events to educate bicyclists and their communities. Furthermore, these groups 
promote bicycle use and infrastructure development through advocacy and training, reform 
urban planning designs for improved bicyclist and pedestrian safety, and advocate for 
legislation reforms to provide equal rights and safety measures to bicyclists (ABA, 2014; 
APBP, 2010; LAB, 2013; Plotz, 2014). 

Maine has more than 12 bicycling clubs and over 50 bicycle advocacy committees (BCM, 
2012b, 2012c). The best known bicycling group is the BCM, which focuses on reducing 
humans’  impact  on  the  planet  through  increased  bicycling  and  walking  (BCM, 2012a). The 
Coalition organizes frequent bicycling events and trips throughout Maine to educate citizens 
and promote a positive bicycling culture and environment. The BCM also works with the 
Maine legislature and MaineDOT to improve bicycle infrastructure and safety regulations 
(BCM, 2009). 

There are multiple NGOs whose sole purpose is to advance the implementation and use of 
public transportation on both the state and national levels. The two largest of these 
organizations are the American Public Transportation Association (APTA) and the 
Community Transportation Association of America (CTAA). These groups advocate for 
increased public transit availability in order to improve overall quality of life and ease of 
daily program by working to increase the availability and efficiency of public transportation 
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systems (APTA, 2014; CTA, 2010). These groups want communities to expand their public 
transportation capabilities in order to cut emissions, decrease congestion, and improve air 
quality. This is accomplished through advocacy, innovation, and information sharing as well 
as lobbying in Washington and in state and local governments (APTA, 2014). Due to 
Maine’s  aging  population,  the  CTAA  is  especially  relevant  due  to  its  focus  on  the  growing  
number of senior citizens from the baby boomer generation (Burkhardt, 2000). 

Producers and Retailers 
Producers and retailers in general play an important role in promoting and influencing the use 
of alternative transportation through equipment and fuel production, technological 
innovations, and product sales. In the EV market, this includes vehicle and equipment 
manufacturers and distributors, car dealers, and electricity producers, many of which formed 
to take advantage of shifting consumer preferences or to better comply with federal and state 
emissions regulations (AFDC, 2014; Bakker, Maat, & van Wee, 2014). 

Utilities and electricity producers are another important stakeholder group as EVs are 
powered by electricity. To stabilize demand, some utilities offer lower energy rates during 
off-peak hours (dual-rate pricing), which incentivizes overnight charging of EVs when 
general electricity demand is usually low (USDOE, 2014a). In order to build a new 
transmission line in Maine, the State PUC required Central Maine Power (CMP), a large 
electricity  provider  in  Maine,  to  implement  a  three  phase  EV  project  titled  the  “Maine  Power  
Reliability  Program”  (Cutter, 2014; Farber, 2014). In the first phase, CMP added EVs to its 
own fleet. In the second, CMP provided grants to membership organizations towards the 
purchase of EVs and their associated infrastructure. In the third phase, CMP submitted a 
proposal to the PUC, which outlines several ways to reduce barriers to EV adoption through 
legislative and regulatory policy changes, alterations in utility practices, and increased 
education (Farber, 2014). 

Bicycle manufacturers and vendors are significant stakeholders in the arena of bicycle policy, 
as the  industry’s  success  depends  on  continued  bicycle  use,  improved  infrastructure,  and  
community support. The National Bicycle Dealers Association (NBDA) is an umbrella group 
comprised of over 1,500 independent manufacturers and bicycle vendors and whose values 
strongly align with those of many non-governmental bicycle advocacy groups (NBDA, 
2014). The NBDA (2014) promotes bicycle use and safety, sound environmental practices in 
both manufacturing and transportation, and the development of adequate infrastructure. 

Maine is home to over 50 bicycle retailers and shops. Located throughout the state, these 
include Allspeed Cyclery and Snow, Bethel Bicycle, Busytown Bikes, Green Machine Bike 
Shop, Kingdom Bikes, Mojo, and Sidecountry Sports (BCM, 2012d). These retailers sell 
bicycles and bicycling equipment, provide maintenance services, educate bicycle owners, 
and constitute an important stakeholder group in the arena of bicycle policy. 
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Employers  
Employers and businesses also incentivize and promote alternative transportation. Perhaps 
most importantly, they can provide or install the appropriate infrastructure for these 
technologies, such as charging stations for EVs, bike storage and shower facilities, and bus 
stop shelters (Bakker et al., 2014). Each installation would make it easier and more 
convenient to use these modes of transportation when shopping, traveling, or commuting to 
work. Employers can also commend those who use alternative transportation, such as by 
publicly recognizing them in company newsletters. 

Regarding EVs in particular, many believe that if businesses and workplaces install chargers, 
customers and employees would be more likely to purchase EVs (Dong, Liu, & Lin, 2014; 
Lausier, 2014). Battery range and range anxiety—the fear that one will run out of charge in 
the middle of a trip—are two of the most commonly cited deterrents to EV adoption (Brown, 
2014; Genest, 2014; Lausier, 2014; Puser, 2014; Woods, 2014). Providing public EV 
chargers in areas of high traffic could greatly ameliorate range anxiety. Assuming that people 
charge their EVs at home, the ability to charge an EV at work or while shopping would 
hypothetically  double  a  vehicle’s  driving  range  (USDOE, 2014a). While the investment in 
charging infrastructure may be costly, employers and businesses that install EV charging 
stations could improve employee and customer recruitment and retention, further 
sustainability goals, improve public image, and raise employee and consumer satisfaction 
(USDOE, 2012, 2013).  

Shower facilities and safe bicycle storage options—such as lockable bicycle racks and 
bicycle lockers—significantly and positively impact commuter bicycling rates (Herlihy, 
2004; Hunt & Abraham, 2007; Milne & Melin, 2014). Employers who provide these 
facilities can therefore encourage their employees to commute by bicycle. 

Just as consumers benefit from a properly working public transportation systems, so too do 
the businesses within its routes. Areas like Portland realize the benefits of public 
transportation most due to systems such as the Greater Portland METRO Bus, where 
consumers are able to travel about many parts of Portland with relative ease (Sterns, 
Antenucci, Nelson, & Glasgow, 2003). Additionally, businesses within the public 
transportation realm also benefit directly from its existence because consumers are able to 
navigate commercial areas with greater efficiency and visit more shops in less time. If 
employees are able to use the system for commuting to and from work, overall emissions are 
reduced, several individual cars are removed from the road, and traffic congestion decreases 
(Starr McMullen & Noh, 2007). In the case of the Greater Portland METRO Bus, which 
reaches the towns of Westbrook, Falmouth, Portland, and South Portland, there are eight 
operating lines and over seventy stops. This opens the door for thousands of residents to use 
the buses daily (GPTD, 2013). 
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General Public 
EV drivers, bicyclists, and public transit riders are critical to the adoption and use of 
alternative transportation. 

Vehicle owners are some of the most obvious and most important stakeholders for EVs. For 
automobiles, consumers generally fall into five separate categories: those who (1) purely 
want the cheapest vehicle in the short-term, (2) consider the long-term price of vehicles, (3) 
want the most reliable vehicle, (4) want to be environmentally responsible, and (5) want to 
test out new and luxury technologies (Egbue & Long, 2012). Regardless of consumer 
category, it is necessary to inform consumers about EVs and available incentives, as studies 
show that 95% of people are unaware of EV incentives and 75% of people underestimate the 
advantages of driving and owning EVs (Krause et al., 2013).  

Although many consumers are concerned that the range of EVs would not fit their daily 
needs, the average US vehicle traveled 32.7 miles per day in 2009, which is well within the 
range of most EVs (USDOT, 2009). If people do need to take trips longer than their EV 
battery’s  range,  they  would  either  have  to  recharge  or  take  another  vehicle  altogether,  which  
would likely not be an issue for most households that own more than one vehicle. Recharging 
will likely become even less of an issue in the future as charging infrastructure spreads and 
EV technologies improve (Lausier, 2014). 

As the main beneficiaries of safe and adequate bicycling infrastructure, bicyclists can play a 
large role in encouraging the government to improve bicycling facilities and are key to 
keeping bicycle retailers in business. Bicyclists can also indirectly contribute to increased 
bicycling  rates  through  a  positive  feedback  loop  of  “normality  in  numbers”:  if  individuals  see  
many other people bicycling, they are more likely to bicycle themselves (Macmillan et al., 
2014). Additionally, higher numbers of bicyclists typically translates to fewer vehicles on the 
road, which in turn leads to lower rates of perceived and actual risk to bicyclists (Macmillan 
et al., 2014). 

Public bus transportation is available across Maine due to high demand from consumers and 
is critical to those without a personal vehicle. Additionally, because Maine relies so heavily 
on tourism for economic stability, the State equips itself with the necessary systems to 
provide public transit that not only accommodates the needs of the year-round residents, but 
also the needs of the tourists. 

State of Alternative Transportation 
In evaluating the state of alternative transportation in Maine, we found that electric vehicles 
(EVs), bicycling, and public transportation vary in popularity and face different barriers to 
adoption. 
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Electric Vehicles 
EVs do not have much of a foothold in Maine; out of the 1.1 million actively registered 
passenger vehicles in Maine as of October 2014, only about 623, or 0.06%, of those were 
plug-in EVs (Hinkley, 2014). Additionally, as of October 2014, Maine had only 18 public 
EV charging stations, which were located at car dealerships, colleges, recreational areas, city 
councils,  and  energy  companies  (Figure  2.1).  EV  ownership  is  highest  around  Maine’s  major  
cities and highways, as is most public charging infrastructure (Figure 2.2). The fact that EV 
ownership is highest where there are public charging stations suggests that charging stations 
encourage the adoption of EVs, which provides impetus to install more chargers. This 
finding aligns with those of several experts who found that charging stations are critical for 
the public acceptance and adoption of EVs (Sadeghi-Barzani, Rajabi-Ghahnavieh, & 
Kazemi-Karegar, 2014).  

Figure 2.1 Public electric vehicle charging stations in Maine by location type (n=18) 
(AFDC, 2014). 
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Figure 2.2 Electric vehicle ownership (only including every Toyota Prius Plug-In, 
Nissan LEAF, Chevy Volt, Ford C-MAX Plug-In, Ford Fusion Plug-In, Tesla 
Roadster, and Tesla S registered in Maine through 2014 and 2015) by zip code in 
Maine, in addition to public electric vehicle charging stations, major highways and 
roads, and major cities (AFDC, 2014; Hinkley, 2014; US Census Bureau, 2012). 
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Maine lags behind other New England states in EV adoption; while Vermont has 6.54 public 
EV charging stations per 100,000 people (a rate which we use as a proxy for EV ownership 
and popularity), Maine only has 1.36 (Figure 2.3) (AFDC, 2014). As shown in Figure 2.3, the 
four New England states with the highest density of charging stations (Connecticut, 
Massachusetts, Rhode Island, and Vermont) have signed the Zero Emission Vehicles [ZEV 
(EVs are a ZEV)] Memorandum of Understanding (MOU) while the two states with the 
lowest density (New Hampshire and Maine) have not (AFDC, 2014). This suggests that the 
Memorandum is successful in increasing the popularity of EVs and that states like Maine 
could promote EV adoption by signing it. The ZEV MOU, which Governor LePage declined 
to sign in 2013, includes an action plan with 11 concrete goals—including the deployment of 
3.3 million ZEVs by 2025—and requires each signatory state to conduct research on ZEVs, 
and report on their implementation progress (Anderson, 2013; ZEVPITF, 2013). 

Figure 2.3 Public electric vehicle charging station density by New England state as 
of October 2014, in addition to the four states that have and the two states that have 
not signed the Zero Emission Vehicle (ZEV) Memorandum of Understanding (MOU) 
(AFDC, 2014; US Census Bureau, 2013b). 
Another potential reason why Maine lags behind other New England states in EV adoption is 
its lack of a state tax credit. Vermont ($500 from Drive Electric Vermont at participating 
dealerships) and Massachusetts (up to $2,500 from the Massachusetts Offers Rebates for 
Electric Vehicles program) each offer a consumer credit towards the purchase of an EV, but 
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Maine does not. There was a recent State bill proposing a $1,000 tax credit for EVs in Maine 
(LD1086  “An  Act  to  Promote  Plug-In  Electric  Vehicle  Sales”),  but  it  failed  to  pass  through  
the State government. However, Maine was one of the first states to implement a sales tax 
credit for hybrid vehicles (MCC, 2011). 

Many groups across Maine—such as the Greater Portland Council of Governments 
(GPCOG), Central Maine Power (CMP), National Drive Electric Week (NDEW), and the EV 
Stakeholder Group—are working to increase EV adoption and overcome perceived barriers. 
As stated in the Stakeholder section, GPCOG formed the EV Stakeholder Group in 2011 to 
promote the adoption of EVs in the state and includes members from Maine businesses, 
NGOs, and local and State agencies (Puser, 2014). 

At the 2014 stakeholder meeting, the Group discussed the progress they had made in the 
previous three years, current projects they were working on, and problems that needed to be 
addressed. Emmie Theberge, the Outreach Manager and Clean Energy Policy Advocate at 
the NRCM, presented the preliminary results of a mail survey for EV owners in Maine. 
Preliminary results suggested that (1) about half of the respondents leased their EVs and half 
owned them, (2) the top two reasons for owning EVs were to save money on gas and to 
reduce air pollution, (3) the average user drove about 250 miles a week, (4) 50% of those 
miles were powered solely by the electric battery (instead of the gas-powered engine in plug-
in hybrid electric vehicles), (5) 56% of respondents saved more than $50 in gas expenses per 
month, and (6) about 52% saw no real change in their electricity bills (Theberge, 2014). The 
EV Stakeholder Group discussed the lack of lower electricity pricing during off-peak hours 
in Maine, the lack of support from the State Legislature, and the role of car dealerships in 
encouraging EVs. Members of the Group proposed that the State Legislature establish EV 
purchase incentives, conduct studies on EVs, and increase the gas tax to disincentive 
traditional automobiles. 

Bicycles 
Bicycling is a minor mode of commuter transportation in Maine. Only 0.5% of Maine 
commuters travel to work by bicycle (Milne & Melin, 2014). This rate falls below the 
national average of 0.6%, but lies in the middle of commuter bicycling rates in the six New 
England states, exceeding Rhode Island (0.4%), Connecticut (0.3%), and New Hampshire 
(0.2%), but ranking third behind Vermont and Massachusetts (0.7% each) (Milne & Melin, 
2014). 

Although only commuter bicyclist data were available on state- and county-specific scales, 
these estimates do not account for all bicycling. According to the 2014 Benchmarking Report 
by the Alliance for Biking and Walking, 39% of bicycle trips are made by individuals under 
the  age  of  16,  who  are  not  included  in  the  US  Census  Bureau’s  (2011)  commuter  bicyclist  
estimations (Milne & Melin, 2014). Six percent of bicycle trips are also made by individuals 
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over the age of 64 (Milne & Melin, 2014), a group which likely includes some retired 
individuals  who  no  longer  fall  into  the  US  Census  Bureau’s  commuter  category.  Combining 
bicycling rates of these three groups—individuals under age 16, commuters, and retired older 
adults—would provide a better, and likely greater, estimate of overall national bicycling 
rates. Incorporating recreational bicycling would also yield a higher total bicycling rate in 
both Maine and the US. Because data from all of these categories are unavailable from the 
US Census Bureau, however, calculating this exact total is not possible. 

Regarding infrastructure and bicyclist safety, Maine ranks quite high. Maine’s  bicyclist  
fatality rate per 10,000 individual bicyclist commuters is 1.1, ranking second-best behind 
Montana’s  rate  of  1.0  (Milne & Melin, 2014). Furthermore, of the federal transportation 
funds provided to Maine in 2011 and 2012, the State used 2.7%—0.6% more than the 
national average—for bicycle- and pedestrian-related infrastructure projects and educational 
programs (Milne & Melin, 2014). These funds totaled over $6 million (Milne & Melin, 2014) 
and  may  explain  Maine’s  high  rate  of  bicycle  trails  per  capita  (Figure  2.4). 

Figure 2.4 Miles of bicycle trails per capita in five New England states. Trail mileage 
was normalized by 2013 state population levels. Information for Vermont was 
unavailable at the time of this report (Paddleford, 2014; RIDOT, 2014; Stewart, 
Killam, Dow, Warren, & Martin, 2010; Tedesco, 2014; US Census Bureau, 2013b). 
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Despite  the  State’s  liberal  spending  on  bicycle  infrastructure  and  programs,  Maine  policies  
do not adequately encourage and incorporate bicycling. Maine is the only New England state 
that lacks a statewide master plan pertaining to bicycling activities and improvements in 
safety, infrastructure, and bicycle use. Connecticut, New Hampshire, and Vermont have all 
adopted comprehensive master plans targeting both bicycling and pedestrian activities, while 
Massachusetts and Rhode Island have created separate plans for each activity (Milne & 
Melin, 2014). Furthermore, Maine is the only New England state that has not incorporated 
bicycling into its carbon emissions reduction plans and climate change mitigation strategies 
(Milne & Melin, 2014).   

Higher population density, effective urban planning, young age, and adequate infrastructure 
appear to promote increased bicycling rates, while trip distance and harsh weather can deter 
individuals from bicycling. Gender also influences bicycling rates, as men bicycle more often 
than women (Forester, 1994; Hunt & Abraham, 2007; McKenzie, 2014; Milne & Melin, 
2014; Workman, 2014). 

The Maine census tracts with the highest rates of commuter bicycling are in Cumberland 
County, which includes the urban centers of Portland, South Portland, and Freeport (Figure 
2.5).  This  high  bicycling  rate  is  likely  attributed  to  Cumberland  County’s  high  population 
density;;  at  337.2  people  per  square  mile,  Cumberland  County’s  population  density  is  the  
highest in the state (US Census Bureau, 2010). These findings match those of studies that 
show higher population densities are correlated with increased levels of commuting via 
bicycling and walking (McKenzie, 2014; Milne & Melin, 2014). Similarly, individuals who 
live closer to their places of work are more likely to bicycle or walk to work (McKenzie, 
2014), so more urbanized areas encompassing both residences and work facilities would 
likely have higher commuter bicycling rates than areas in which distances between 
residences and workplaces are greater (Forester, 1994).  

Many urban land use plans are not conducive to bicycling, however, and thus bicycling rates 
in these areas remain rather low. Physical design and city planning can significantly affect 
rates of pedestrian and bicyclist activities through the provision (or lack thereof) of safe and 
appropriate infrastructure (Frank, Andresen, & Schmid, 2004; Sallis, Frank, Saelens, & 
Kraft, 2004). Suburban sprawl increases the distance between individuals’  homes  and  their  
places of work, necessitating vehicles for efficient transportation (Workman, 2014). Such a 
spread may also be characterized by a lack of sufficient walking and bicycling routes and 
pathways. For example, many individuals working in Waterville, Maine live outside of the 
city and travel by vehicle rather than bicycle due to long distances and insufficient bicycling 
infrastructure connecting their homes to their workplaces (Workman, 2014). 
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Figure 2.5 Commuter bicycle ridership in Maine by census tract (US Census Bureau, 
2008-2012, 2012). Data are based on responses from workers age 16 and older and 
indicate the type of transportation used most frequently for traveling to work during 
the week prior to the survey response date (US Census Bureau, 2011). 
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Bicycling rates can also be a function of age. Throughout history, most bicycling has been 
done by children (Forester, 1994), and data from the American Community Survey indicate 
that younger workers bicycle more frequently than older workers (McKenzie, 2014). The 
reason  Maine’s  bicycling  rate  falls  below  the  national  average  could  be  attributed  to  the  fact  
that,  with  a  median  age  of  44,  Maine’s  population  is  the  oldest  of  all  50  states  and  thus  is  
home to fewer young workers who are more likely to bicycle (US Census Bureau, 2013a). 

The type and amount of bicycling infrastructure, such as separate bicycle lanes and pavement 
type, also contribute to rates of bicycle use (Herlihy, 2004; Hunt & Abraham, 2007; Pucher 
et al., 2010). Studies find a significant positive correlation between the number of bicycle 
lanes and bicycling rates (reviewed in Pucher et al., 2010). Additionally, of the multiple types 
of bicycle lane designations and demarcations available, Macmillan et al. (2014) find that 
“physically  segregated”  lanes—those that separate bicyclists from motorists with curbs or 
other barriers—are the most effective  at  alleviating  bicyclists’  fear  of  risk  or  injury  and  thus  
encouraging bicycle use (p. 342). A positive correlation also exists between bicycling rates 
and road surface quality (Hunt & Abraham, 2007). In 2012, over one-third  of  Maine’s  major  
roads were in inadequate or poor condition (e.g., contain cracks and potholes) (TRIP, 2012). 
Although it is unlikely that bicyclists use all of these roadways, such poor conditions likely 
deter bicycling, especially if minor roadways and paths that are used more frequently by 
bicyclists are of similar condition. 

Additionally, the availability of post-bicycling infrastructure, such as storage and shower 
facilities, is very influential in determining bicycle use. Studies find that fear of bicycle theft 
discourages bicycle use more than most other reasons, and that the implementation and 
designation of secure storage facilities at strategic locations can ameliorate this concern 
(Herlihy, 2004; Milne & Melin, 2014; Pucher et al., 2010; Rietveld & Daniel, 2004; Unwin, 
1995). Bicycling rates also increase when shower facilities are available at final destinations 
(Milne & Melin, 2014), although showers have a less significant impact on bicycling rates 
than do storage facilities (Hunt & Abraham, 2007).  

Separate from bicycle-specific infrastructure but similarly influential to bicycle popularity is 
the existence of public transportation. When combined, public transportation and bicycling 
constitute  a  “multimodal”  transportation  system  that  allows  commuters  to  travel  longer  
distances more quickly (Forester, 1994; Workman, 2014). Many citywide and regional bus 
and train systems have attached bicycle racks to their vehicles to encourage bike-and-ride 
travel combinations (City of Madison, 2014; CTA, 2014; King County, 2014; WMATA, 
2014), and all METRO buses in the City of Portland, Maine include bicycle racks (GPTD, 
n.d.). During the summer months, the Acadia National Park Island Explorer bus system also 
offers  a  “Bicycle  Express”  service  that  allows  visitors  to  transport  their  bicycles  in  on-bus 
racks (Island Explorer, 2014a). Bicycle racks on buses and trains and storage facilities at bus 
and train stops have made public transportation more bicycle-friendly and have led to an 
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increase in the use of both modes of transportation (Martens, 2007; Pucher & Buehler, 2013). 
Such a pairing of bicycling and public transportation can encourage increased use of both 
modes of transportation, and the existence of public transportation options for winter 
traveling ensures that at least one mode of transportation, other than conventional vehicles, is 
available year round (Workman, 2014). 

One of the most obvious factors affecting bicycle use is the length and distance of the 
proposed trip (Heinen, Maat, & van Wee, 2011; Unwin, 1995). Hunt and Abraham (2007) 
find a significant negative correlation between trip time or distance and willingness to 
commute by bicycle. While for some trips, distance and travel time may be excessive and not 
conducive to bicycling, many trips taken by automobile are actually relatively short 
(Macmillan et al., 2014; Moudon et al., 2005). One-third of all gasoline burned by vehicles in 
the US is used for traveling distances of three miles or less (Herlihy, 2004), and half of all 
vehicle trips are under five miles (Maibach, Steg, & Anable, 2009), both of which are 
practical bicycling distances. 

Maine’s  cold  weather,  snow,  and  icy  conditions  during  fall  and  winter  months  may  deter  
people from bicycling more frequently (Forester, 1994). Some studies, however, find that 
cold weather does not significantly impact bicycling rates in a negative way and that the 
Yukon and Northwest Territories of Canada—two of the coldest inhabited places in North 
America—have the highest bicycling rates on the continent (Milne & Melin, 2014; Pucher et 
al., 2011). Snow and ice can have different impacts than drops in temperature, and despite 
the possibility of snow-cycling, bicycling in snow can be dangerous, requires riders to adopt 
a different riding style, and may necessitate different snow-specific equipment (Seaton, 2010; 
Workman, 2014). These changes may be enough to discourage individuals from bicycling in 
snowy conditions. 

Previous  bicycling  experience,  however,  has  been  shown  in  certain  instances  to  “mitigate  the  
effect  of  weather”  (Forester,  1994,  p.  74),  thus  demonstrating  that  cold  temperatures  or  rainy  
conditions are not absolute deterrents for bicyclists (Milne & Melin, 2014). Bicycling 
experience also plays a critical role in influencing general public perception and acceptance 
of bicycling as both a utilitarian and a recreational form of transportation; the more bicycling 
experience one has, the more likely he or she will be to bicycle and to view bicycling as a 
socially acceptable mode of transportation (Hunt & Abraham, 2007; Workman, 2014).  

In the US, bicycling is a mode of transportation largely dominated by men: according to 
Milne and Melin (2014), only 26.9% of bicycle commutes in the US are made by women. In 
Maine, women riders make 31% of all bicycle commutes (Milne & Melin, 2014). Although 
little explanatory information for this trend exists, bicycles are likely an impractical means of 
transportation for working women whose business attire consists of dresses and skirts 
(Workman, 2014). Additionally, a study by Pucher et al. (2011) finds  women  to  be  “more  
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sensitive  to  cycling  dangers  than  men”  (p.  455),  a  conclusion  previously  validated  by  Oja, 
Vuori, and Paronen (1998) and Garrard, Rose, and Kai Lo (2007). Similar to the norm of a 
business dress code, social workplace expectations can affect commuter bicycling rates. The 
prospect of arriving to work sweaty and odorous may deter commuters from choosing 
bicycling which, when compared to vehicular and public transit, can be considered a 
physically strenuous mode of transportation (Pucher et al., 2011; Workman, 2014). 

Public Transportation 
The Maine Department of Transportation (MaineDOT) divides the state into eight transit 
regions in order to better organize and manage public transportation. These regional divisions 
allow companies whose reaches stretch greater than a single town to still report their 
revenues and ridership geographically (MTA, 2014). While Maine is the largest state in 
terms of size in New England, it ranks last in population density. Thus, connecting 
population centers means traveling longer distances. Furthermore, commuter use of public 
transportation systems in Maine also ranks the lowest among New England states: it is tied 
with New Hampshire at 0.8% of commuters (ACS, 2012). Compared to Massachusetts 
(9.3%), Connecticut (4.6%), Rhode Island (3.0%), or Vermont (1.2%), Maine has a long way 
to go to catch up (ACS, 2012).  Part  of  the  problem  for  Maine’s  public  transportation 
participation  is  the  state’s  comparatively  high  rate  of  residents  who  work  within  ten  minutes  
of home (18.4%, excluding at-home workers) (ACS, 2012). This makes it very inconvenient 
to use public transit unless living in an urban setting due to lack of frequent transit stops.  

Most  of  Maine’s  public  bus  ridership  outside  of  the  larger  cities  comes  from the people who 
have  no  choice  but  to  use  public  transportation  as  a  means  of  travel.  MaineDOT’s  Locally  
Coordinated Transit Plan for the Kennebec Valley Community Action Program (KVCAP) in 
Transit Region 4 shows that social services passenger trips account for 86% of trips in 2012 
(KVCAP, 2013). In Region 8 where the York County Community Action Corporation 
(YCCAC) operates, social services passengers accounted for 67.69% of trips in 2012 
(YCCAC, 2013). Consistently, in the areas outside of the major cities, public transportation 
is not so much of a convenience as it is a necessity. Maine has the oldest median age in the 
nation with 30.6% of its population aged 55 or older in 2014 (ACS, 2012).  

Programs like the KVCAP and the YCCAC rely heavily on government subsidies to operate 
and fare revenues account for only 1.05% and 1.31%, respectively, of the total operating 
revenue for 2012 (KVCAP, 2013; YCCAC, 2013). The majority of these government 
subsides come from the healthcare subsides of MaineCARE. In fact, MaineCARE is so 
involved in public transportation systems in Maine that out of the 19 major systems, only 
eight do not rely on MaineCARE for funding. For those that do, MaineCARE funding 
represents anywhere from 29.8% (Wests Transportation Inc.) to 96.8% (Community 
Concepts Inc.) of total operating revenue (Figure 2.6). Furthermore, this government aid 
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accounts for 64.9% of total operating revenue for all public bus transportation across Maine 
and is the life support for most public bus transit systems (Figure 2.6).  

Figure 2.6 Percent of Total Operating Revenue breakdown by funding type for the 
19 major bus transportation systems in Maine. Due to unavailable data CCI, CCB, 
CTI, and BCB are based off of 2010 numbers (MaineDOT, 2011, 2013). The 
following transportation systems are included in the figure: CYR Bus Line (CYR), 
Community Connector of Bangor (CCB), Greater Portland METRO District (Metro), 
South Portland Bus System (SPBS), ShuttleBus, Downeast Transportation Inc. 
(DTI),  West’s  Transportation  (Wests), Lewiston-Auburn Transit Committee (LATC), 
Bath City Bus (BCB), Aroostook Regional Transportation System (ARTS), Coastal 
Transportation Inc. (CTI), Western Maine Transportation Services (WMTS), York 
County Community Action Corporation (YCCAC), Kennebec Valley Community 
Action Program (KVCAP), Regional Transportation Program (RTP), Waldo 
Community Action Partners (WCAP), Washington Hancock Community Agency 
(WHCA), Penquis Transportation Program (Penquis), Community Concepts Inc. 
(CCI). 
The Greater Portland Metro Bus in the Portland area is the oldest example of a public 
transportation system in Maine. It is the only system that operates in a similar fashion to 
those of other large cities in the United States. As mentioned in the stakeholder section, the 
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Portland and Greater Portland areas have over 70 stops, operating on multiple lines every day 
(GPTD, 2011). The METRO is the largest public transportation system in the state servicing 
over one million passengers annually, with 2012 numbers reaching as high as 1,464,643 
riders (GPTD, 2013). While the Greater Portland METRO Bus is still heavily subsidized by 
federal, state, and local governments, it holds the title as the bus system in Maine with the 
second highest percentage of total operating revenue from fares with 27.74%, only behind 
the CYR Bus Line at 81.04% whose operating revenues and passenger numbers are a mere 
fraction to those of the METRO bus (CYR Bus Line, 2013; GPTD, 2013). A 1999 case study 
on the Houston bus transit system finds that large service increases, fare reductions, 
metropolitan employment, and population growth all increase mass transit popularity (Kain 
& Liu, 1999). In fact, the researchers deduce that the factors that contributed most were large 
subsidies from federal and state government (Kain & Liu, 1999). 

Because tourism revenues are so important to Maine, the State must cater to those who are 
not permanent residents. To accommodate tourists, Maine has implemented special buses in 
key areas of tourism throughout the state. The Sugarloaf and Sunday River ski areas are two 
such examples. The Sugarloaf Explorer and the Mountain Explorer are public buses that help 
tourists travel to and from the mountains. The two explorers shuttled a combined 366,088 
passengers in 2012 (WMTS, 2013). While these transportation systems were set up for the 
ski resorts, just like the KVCAP and YCCAC, the majority of the riders are social services 
passengers, accounting for 55.85% of 2012 passengers (WMTS, 2013). On the eastern shore 
of the state, buses such as the Shoreline Explorer and the Island Explorer facilitate travel 
amongst  some  of  Maine’s  most  popular  summer  destinations  such  as  Ogunquit,  
Kennebunkport, and Acadia National Park.  
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Figure 2.7 Annual public transportation rides per person in each of the eight transit 
regions. Due to unavailable data CCI, CCB, CTI, and BCB are based off of 2010 
numbers (ACS, 2012; MaineDOT, 2011, 2013). 
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The Island Explorer in particular is a good example of the positive benefits a well-run public 
transportation system can provide. The routes of the Explorer run all throughout Acadia 
National Park. In 2012, Downeast Transportation Inc., the company that runs the Island 
Explorer, provided transit to over 500,000 passengers traveling around Acadia and the 
greater Acadia region (DTI, 2013). This large ridership gives Transit Region 2, where Acadia 
is located, one of the highest ridership rates per capita (Figure 2.7). What makes the Island 
Explorer so popular is that the Acadia section of the system is free. This popularity was most 
apparent during the recession when the Island Explorer experienced a ridership increase of 
14.9% from 2007 to 2008 (Figure 2.8). The ridership increase shows that national parks 
provide a relatively inexpensive option for a family vacation, and that by integrating public 
transportation into tourist areas, the destinations become more available to the public. To 
support this program of free rides, the system relies heavily on funding from the Federal 
Transportation Association and the local government, which provided almost 80% of total 
operating revenues in 2012 (DTI, 2013).  Additionally, when the Island Explorer was 
founded in 1999, the L.L. Bean company of Maine gave it a $3 million grant (Friends of 
Acadia, 2014). This initial investment allowed Downeast Transportation to invest in 
environmentally friendly, low-emission, fuel-efficient propane-powered buses to work its 
routes. Since its inception, the Island Explorer has provided transportation to over 4.3 million 
passengers and has helped to eliminate an estimated 1,710,939 private vehicle trips, equating 
to a reduction of 24.5 tons of smog-causing pollutants and 15,942 tons of greenhouse gases 
(Friends of Acadia, 2014).   

  

Figure 2.8 Annual Island Explorer ridership near Acadia National Park since its 
establishment in 1999 (Island Explorer, 2014b). 
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Analysis and Discussion 
In this section, we evaluate some of the economic, human health, and environmental 
implications of electric vehicles (EVs), bicycles, and public transportation. If Maine citizens 
were to adopt these modes of transportation on a large scale, Maine could achieve significant 
reductions in local air pollution and greenhouse gas (GHG) emissions, a higher degree of 
energy independence, and substantial cost savings (Dong et al., 2014; Egbue & Long, 2012; 
Krause et al., 2013; Scown et al., 2013).  

Economic Implications 
Our analysis shows that alternative transportation has potential cost savings, especially in the 
long term. EVs generally have higher upfront costs than comparable conventional vehicles, 
but they actually have the potential to save Maine citizens money: their lifetime ownership 
costs are often lower than those of standard automobiles due to fuel savings and reduced 
maintenance costs (Figure 2.9). The purchase prices and lifetime costs of EVs would be even 
lower if the Maine State government were to offer monetary incentives. As stated in the EV 
State of the Topic section, many other states, including the New England states of 
Massachusetts and Vermont, offer consumer tax credits for EV purchases (AFDC, 2014). 
Several studies show that consumer preference for EVs increases when EV prices decrease 
(Al-Alawi & Bradley, 2013), so although such incentives are costly, they are some of the 
most effective ways to promote EVs (LeBel, 2014). 

 

Figure 2.9 Lifetime costs of ownership comparison between a generic conventional vehicle, 
a generic hybrid vehicle, a 2014 Chevy Volt, and a 2013 Nissan LEAF in thousands of 
dollars (EPRI, 2014). 
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Cost savings related to bicycling are even greater than those of EVs (Massink, Zuidgeest, 
Rijnsburger, Sarmiento, & van Maarseveen, 2011; Unwin, 1995). In terms of initial purchase, 
bicycles are almost always cheaper than motorized vehicles, and the cost savings increase 
when one considers the maintenance costs, gasoline purchases, and registration fees 
associated with vehicles (Milne & Melin, 2014). Additionally, studies find that areas with 
attractive bicycle infrastructure and bicycling events attract more tourists, which can improve 
local economies (Milne & Melin, 2014).  

Due to the varying functions of public transportation in Maine, the economic benefit of mass 
transit fluctuates in different parts of the state. The Portland area may have an overall 
positive economic benefit due to the reduction in carbon emissions, congestion relief, and gas 
savings from the removal of personal vehicles. However, the use of public transportation in 
more remote parts of Maine is the result of citizens lacking any means of transportation and 
does not provide an economic benefit. Additionally, with the large inflow of tourists into 
Maine every year, those areas with proper public bus systems will benefit the local 
economies by allowing more visitors access to commercial areas.  

Human Health Implications 
Alternative transportation can provide human health benefits indirectly by reducing GHG 
emissions, pollutants, and associated health problems. Although not all forms of alternative 
transportation directly affect human health, bicycling and public transportation do provide 
significant health benefits.  

Bicycling’s  implications  for  human  health  and  its  related  costs  are  significant.  One  study  
estimates that the benefits of bicycling, particularly those relating to physical health, 
outweigh the related costs of establishing and maintaining infrastructure by 6-24 times 
(Macmillan et al., 2014). Bicycling can lead to significant reductions in health costs related 
to respiratory problems caused by vehicular pollution, traffic accidents, and health concerns 
related to physical inactivity such as obesity, diabetes, and high blood pressure (Frank et al., 
2004; Milne & Melin, 2014; Oja et al., 1998; Pucher et al., 2010; Rietveld & Daniel, 2004; 
Sallis et al., 2004). A study in Portland, Oregon demonstrates the great cost-saving potential 
of bicycling investments: every $1 investment in bicycle infrastructure in Portland leads to 
health cost reductions of over three times the investment amount (Milne & Melin, 2014).  

Maine’s  population currently ranks as the 27th most obese in the nation, with a higher obesity 
rate than all other New England states (Trust for America's Health & Robert Wood Johnson 
Foundation, 2013).  Maine’s  high  obesity  rate  demonstrates  the  potential  for  health  
improvement  among  the  state’s  population.  As  obesity  rates  in  the  US  continue  to  grow,  
bicycling offers a relatively simple and promising way to fight obesity and related health 
concerns. A study by Frank et al. (2004) finds that every additional hour spent in a car each 
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day  increases  an  individual’s  risk  of  obesity  by  6%;;  this  trend  could  be  stopped  and  even  
reversed by encouraging a behavioral shift to bicycling. 

Although larger numbers of bicyclists could potentially lead to increased accidents with 
vehicles and subsequent injury, studies find an inverse relationship to exist between bicycling 
rates and bicyclist-vehicle accidents (Macmillan et al., 2014; Milne & Melin, 2014). Multiple 
positive feedback loops create this effect: (1) as bicycling rates increase and more people 
bicycle, vehicle drivers become more aware of bicyclists and can drive more carefully around 
them; (2) as people switch from commuting by vehicle to bicycle, there are fewer vehicles on 
the road to cause possible accidents; and (3) higher numbers of bicyclists can have a greater 
influential impact on policy decisions and demonstrate the need for safe and sufficient 
infrastructure which, when built, will encourage additional bicycling (Macmillan et al., 2014; 
Milne & Melin, 2014). 

Switching from vehicular travel to bicycle travel can also partially decrease rates of 
respiratory illnesses caused by vehicular air pollution (Macmillan et al., 2014; Milne & 
Melin, 2014). CVs create a significant amount of air pollution heavy with volatile organic 
compounds and particulate matter (two types of air pollutants that are detrimental to human 
health), especially in congested traffic conditions (Betts, 2012; Milne & Melin, 2014; Pucher 
et al., 2010). Increased bicycling would result in a reduction of these emissions and in related 
respiratory illnesses. 

A 2009 comparative study in London finds that the effects of both increased active urban 
transit and increased use of more efficient vehicles would have large positive impacts on 
public health (Woodcock et al., 2009). By walking or biking, citizens remove vehicle trips 
while at the same time improve their health (Woodcock et al., 2009). Part of this change in 
daily routine relies heavily on the influence of social norms, and altering the way people 
view public transportation. Simply using guilt as means to increase public transportation 
shows not to help; the way people think about transportation must be changed (Bamberg, 
Hunecke, & Blöbaum, 2007).  

The oldest state in the country is only getting older, and therefore the use and implementation 
of public transportation is crucial in areas of low population density. Senior citizens who are 
unable to drive any  longer  and  who  cannot  rely  on  friends  and  family  for  rides  to  a  doctor’s  
office must be able to receive that ride from another source. While the human health benefits 
of improved air quality should be noted, the major human health implication public 
transportation has in Maine is the ability to provide rides to the elderly in order to maintain 
their already-deteriorating health. 
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Environmental Implications 
As previously mentioned, alternative transportation has the potential to drastically reduce 
GHG emissions and slow the harmful effects of climate change. Although the batteries in 
EVs require rare earth metals that are often mined in environmentally-intensive ways, the 
emissions of EVs, regardless of the electricity source, are often much lower than 
conventional vehicles (AFDC, 2014). This is especially true in a place like Maine, which 
generates 85% of its electricity from renewable and low-emission sources like natural gas, 
nuclear, hydropower, and biomass (AFDC, 2014). While the average vehicle emits about 
13,000 pounds of carbon dioxide (CO2)—one of the main drivers of global climate change—
into the atmosphere annually, the average hybrid vehicle emits the equivalent of about 8,600 
pounds, the average battery electric vehicle (BEV) emits the equivalent of about 4,300 
pounds, and the average plug-in hybrid electric vehicle (PHEV) emits the equivalent of about 
6,100 pounds (Figure 2.10). 

 Figure 2.10 Average annual emissions by vehicle type—battery electric vehicle 
(BEV), plug-in hybrid electric vehicle (PHEV), generic hybrid vehicle, and generic 
conventional vehicle—in Waterville, Maine where about 42% of the electricity is from 
natural gas, 30% is from nuclear, 12% is from coal, 7% is from hydro, and 6% is 
from biomass (AFDC, 2014). 
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In its 2013-2014 fiscal year (July 13, 2013-June 30, 2014), the Maine Bureau of Motor 
Vehicles registered about 68,000 new motor vehicles (Hinkley, 2014). Assuming that Maine 
residents purchase this many vehicles each year, we calculated the emissions reductions if 
either 1, 5, 10, or 25% of all new vehicle purchases were BEVs instead of standard vehicles 
(Figure 2.11) [as stated in EV background section, studies show EVs could comprise up to 
7% of car sales by 2020 (Faria et al., 2014; USDOE, 2014b)]. If 1% of new vehicle 
purchases were BEVs instead of conventional automobiles, Maine would avoid emitting 
about six million pounds of CO2 each year, 30 million pounds at 5%, 60 million pounds at 
10%, or 149 million pounds at 25%. One hundred forty-nine million pounds of CO2 is the 
equivalent to the annual emissions of 14,228 passenger vehicles, the annual CO2 emissions of 
6,167  homes’  energy  use,  or  the  annual  carbon  sequestered  by  55,398  acres  of  US  forests  
(USEPA, 2014d).  These  emissions  savings  would  reduce  the  contribution  of  Maine’s  
transportation sector to climate change.  

 
Figure 2.11 Pounds of CO2 equivalent emissions Maine would avoid annually if 1, 5, 
10, or 25% of all new vehicle purchases (assuming 68,000, as in 2013-2014) were 
battery electric vehicles (BEVs). BEVs have average annual CO2 equivalent 
emissions of 4,295 pounds, whereas conventional vehicles have average annual 
CO2 emissions of 13,043 pounds (AFDC, 2014). 
Because bicycles are powered by human pedal power, they do not emit GHGs in operation 
(Macmillan et al., 2014; Massink et al., 2011). Although the bicycle production process is not 
emissions-free, the lifetime emissions of a bicycle (including production, use, maintenance, 
and  even  the  calories  required  to  “power”  a  bicyclist’s  metabolism) are ten times less than 
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the lifetime emissions of a motorized vehicle (Blondel, Mispelon, & Ferguson, 2011). This 
significant difference demonstrates the GHG-emissions-reducing potential of widespread 
bicycle use. 

Scenarios 
Alternative transportation in Maine could follow one of multiple future paths. Based on the 
factors that we believe are most significant—such as government funding, population 
density, infrastructure, and volatility of oil prices—we present the following scenarios 
depicting possible futures for alternative transportation in Maine.  

Highway to Hell 
Conventional vehicles (CVs) remain dominant, as electric vehicles (EVs), bicycling, and 
public transportation fail to gain much popularity and public support in Maine. Because EVs 
are  not  subject  to  Maine’s  gas  tax,  the  State  government  imposes  harsh  taxes  on  EV  owners 
in order to fund road maintenance; these taxes deter Mainers from purchasing EVs. The 
Republican Party maintains control of the State government and reduces funding for public 
bus transportation because ridership remains low, and existing public bus companies raise 
fares to compensate for reduced State funding. These higher fares further deter people from 
using public transportation, and companies must reduce service areas or declare bankruptcy. 
As the effects of climate change worsen, harsh weather and increased storms continue to 
deter individuals from traveling by bicycle and accelerate the depreciation expense of 
existing infrastructure. The State government reappropriates funds from new alternative 
transportation projects to maintenance efforts on existing infrastructure. Gas prices drop due 
to increased domestic production, so Maine citizens become less concerned with conserving 
gasoline and purchase large vehicles with poor fuel efficiency. The federal government fails 
to renew the federal tax credit for EVs, making CVs much comparatively more affordable 
and discouraging automakers from producing EVs.  

Business-as-Usual 
EVs, bicycles, and public transportation continue to make modest gains, but not enough to 
significantly alter the current system. EV charging infrastructure is not expanded at a rate 
consistent with consumer demand, and most consumers remain dissatisfied with the low 
battery ranges of the most affordable EVs. A majority of the public finds bicycles and limited 
public bus routes inconvenient. The State government remains complacent and fails to pass 
legislation providing incentives for alternative transportation and does not provide sufficient 
funds to expand public transportation infrastructure. Gas prices remain relatively low and 
prevent people from reconsidering their transportation habits. CVs remain cheaper than EVs 
and more convenient than bicycling and public transportation. Climate change impacts are 
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realized at a slower rate than in the previous scenario and are insufficient to spark public 
concern or cause behavioral shifts. 

Complete Streets to Heaven 
Modes of alternative transportation—specifically EVs, bicycles, and public transportation—
gain popularity and become more common modes of transportation. Gas prices spike and 
storm severity increases causing the State and federal governments to introduce specific 
incentives for alternative transportation. The State provides tax credits to Maine citizens for 
EV purchases and expands charging infrastructure. Protected bicycle lanes are established 
along major state roads and policies require bus systems to provide bicycle racks for their 
riders. The State provides grants for public bus systems to update vehicles with cleaner 
energy sources, such as electricity and natural gas, and expand the length and frequency of 
routes. Employers and businesses offer priority parking for EVs, safe storage facilities and 
showers for bicyclists, and monthly stipends for employees using public transportation. CVs 
become relatively more expensive due to increased gas prices. 

Conclusions and Recommendations 
Although multiple modes of alternative transportation exist in Maine, they are currently 
underutilized compared to other New England states. Electric vehicles (EVs) comprise only 
0.06% of all actively registered passenger vehicles in Maine, and the state has the fewest 
public EV charging stations (18) per capita of all New England states. Partly due to the 
state’s  high  average  age  and  low  population  density,  Maine’s  commuter  bicycling  rate—
0.5%—falls below those of Massachusetts and Vermont. Twenty local bus systems currently 
operate in Maine, and on average, each Maine citizen uses public transportation 5.2 times 
annually. However, fewer commuters use public transportation in Maine than in the rest of 
New England. 

To address the challenges that the state is likely to face in the coming years, Maine should 
develop a new comprehensive transportation plan. Although many promising modes of 
alternative transportation exist, we believe that the state can reduce transportation-related 
greenhouse gas (GHG) emissions in the most feasible and economically-efficient manner by 
trading in conventional vehicles for EVs, bicycles, and public transportation. We 
acknowledge that each of these modes of transportation is imperfect—EVs require 
behavioral changes and infrastructural modifications, bicycles are largely local and seasonal, 
and public transportation is mostly limited to urban areas with high population densities. 
However, when municipalities implement the appropriate combination of these technologies, 
they can help lead Maine down the road towards a clean and sustainable future. If 
implemented in an effective manner, a multimodal alternative transportation system could 
provide a cost-effective, environmentally-sound, and socially-enriching alternative to the 
current transportation system. 
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Education 
Current efforts aimed at educating the public about alternative transportation are too limited 
and disconnected. The Maine Department of Transportation (MaineDOT) and Department of 
Environmental Protection, NGOs, and other stakeholders—particularly public health 
advocates and professionals, transportation agencies, and environmental organizations—
should create an Alternative Transportation Stakeholder Group that meets regularly to 
educate Maine citizens about the benefits of alternative modes of transportation. The Group 
should employ a public awareness campaign—using forums, advertising, and promotional 
events—to inform Maine citizens about the economic, health, and environmental benefits of 
alternative transportation and to promote favorable policies. The Group should function as an 
umbrella organization facilitating communication among smaller municipal stakeholder 
groups, their citizens, and state agencies. 

Economic Incentives 
The Maine Legislature should pass laws establishing economic incentives to encourage 
Mainers to purchase electric vehicles (EVs), ride bicycles, and use public transportation. 
Such incentives include tax credits towards the purchase of EVs and their chargers, subsidies 
for bicycle purchases, and grants for updating public transportation technologies and 
infrastructure. Additionally, the State should provide tax credits for employers that subsidize 
the public transportation fares of their employees. 

Urban Planning 
To encourage and increase use of EVs, bicycles, and public transportation, MaineDOT 
should adopt a Complete Streets Policy. Such policies aim to incorporate multiple modes of 
transportation—namely walking, bicycling, vehicular travel, and public transit—on each 
street. Complete Streets Policies require state and city transportation agencies to consider and 
accommodate all of these modes of transportation in their future roadway designs and 
operations (Milne & Melin, 2014). The National Complete Streets Coalition is a non-profit 
national organization that provides guidance to states and municipalities hoping to implement 
integrative transportation plans (NCSC, 2014). MaineDOT should use guidance from the 
Coalition and from the existing Complete Streets Policies adopted in Auburn, Lewiston, and 
Portland to help inform a Complete Street Policy at the state level that incorporates public 
EV charging stations, bicycle lanes and storage facilities, and public bus lanes (City of 
Portland, 2012; LaBonte, 2013; Lewiston City Council, 2013). Publications like the National 
Association  of  City  Transportation  Officials’  Urban Bikeway Design Guide can also offer 
specific policy and infrastructure recommendations (NACTO, 2014). To incentivize EVs in 
particular, public charging stations should be installed at parking garages, park and rides, 
colleges and universities, hotels, grocery stores, transportation hubs, municipal buildings, 
public libraries, shopping centers, gas stations along major travel corridors, and hospitals 
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(ABA, 2014; Genest, 2014; MCC, 2011). One possible way the State could fund public 
charging stations is to use a portion of the gas tax to subsidize charging station installation 
costs  on  private  property  and  allow  the  chargers’  owners  to  earn  a  profit by selling electricity 
to EV drivers at a slightly marked up price. 

Economic Disincentives 
Increased gas taxes and high oil prices have historically led to increased adoption of 
alternative modes of transportation. During World War I, World War II, the Great 
Depression, and the 1973 energy crisis, rates of bicycle use in the US increased significantly 
because owning and operating conventional vehicles became a luxury that many Americans 
could no longer afford (Herlihy, 2004). Gas prices are associated with the adoption of 
alternative transportation (Egbue & Long, 2012; Scown et al., 2013), so the Maine State 
government should consider raising the gasoline tax. Increased gas prices would increase 
ownership costs of conventional vehicles and could encourage the adoption of alternative 
modes of transportation. With additional revenue from gas taxes, the State will be more able 
to provide monetary incentives for EVs, bicycles, and public transportation and establish 
additional infrastructure. 
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The  State  of  Maine’s  Islands 
Ruthie Hawley, Sara Miller, Mark Vargas, and Connor Whitley 

Executive Summary 

The "State of Maine's Islands 2014" is the third chapter in The State of Maine's Environment 
2014, a report produced by the Environmental Policy Group in the Environmental Studies 
Department at Colby College in Waterville, Maine. In this chapter of the report, we analyze 
the status of Maine islands by using four separate proxies; tourism, conservation, the lobster 
industry, and energy. 

There are more islands in the Gulf of Maine than on the entire East Coast of the United 
States. These islands vary in physical size, human population, and distance from the shore. 
They are often thought of as last frontiers, communities and natural environments that remain 
relatively untouched by modernity. Examining the current state of all Maine’s  islands  was  
beyond the scope of this project. Instead, we focus on the 15 unbridged, year-round island 
communities in Maine. 

We examine four aspects of island life including tourism, conservation, the lobster industry, 
and energy. We analyze laws, institutions, and stakeholders related to our four subtopics and 
conduct primary data analysis, and offer recommendations specific to those four areas. For 
tourism, we find that there is a dearth of information that documents the role that humans 
play  in  shaping  life  on  Maine’s  islands  natural  environments.  In  other  words,  research that 
compares the bridged, unbridged, seasonally populated, and islands visited by daytrippers 
with untouched islands is necessary to provide more informed policy recommendations. 
Second,  we  find  that  a  reevaluation  of  the  state’s  tax  policies  for  corporate entities such as 
AirBnB  is  warranted.  We  find  Maine’s  islands  need  to  increase  their  total  conserved  land.  
Conservation  easements  are  the  most  successful  form  of  conserved  land  on  Maine’s  islands,  
and local land trusts are the most efficient way of managing conserved land. Existing 
framework  for  the  creation  of  easements  as  well  as  Land  for  Maine’s  Future  funds  support  
land trusts in the creation of new conservation easements going into the future. We find that 
the  unbridged  islands’  lobster  industries would benefit from local management through the 
Island Limited Entry Zone Program. We find that community engagement and government 
support  are  equally  important  in  in  providing  cheaper  and  cleaner  energy  for  Maine’s  
unbridged islands. 
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Introduction  

“On these islands is an underlying tautness that characterizes much of this 
lovely coast. It is the tension between rootedness and impermanence, between 
bounty and failure, between ungiving rock and shifting sand. This cold coast 
is silent witness to the enduring truth that human enterprise may come and go, 
may  rise  and  recede  like  the  tide,  and  that  sea  and  granite  alone  may  endure.” 

     -Philip Conkling, Islands in Time, 1999 

There are over 4,000 islands in Maine and they are as diverse as they are numerous. Some 
are designated nature preserves, others are large rocks that are only visible at certain tides, 
while still others are inhabited year-round.  Throughout  Maine’s  history,  year-round islanders 
have endured more intense environmental events than those who live on the mainland. Fogs 
are thicker, storms are stronger, and yet islanders continue to live in these remote locations 
out of tradition and a love for participating in island life (Conkling, 1999). Island 
communities are geographically fragmented, however  islanders  are  tied  together  by  “their  
tenuous position nurturing a way of life that is posited towards the past but which they want 
to  see  endure  into  the  future”  (Conkling,  1999).   

Currently, only 15 unbridged Maine islands support year-round populations, and they serve 
as the focus of our study (Table 3.1). They are concentrated in Casco Bay, Penobscot Bay, 
and off the coast of Port Clyde (Figure 3.1). Although they vary in size and population, these 
15 island communities share some commonalities as a consequence of their isolation from 
the mainland. They are for the most part reliant on the mainland for food, energy, and 
healthcare. They face future challenges including but not limited to aging populations, 
declining school enrollments, limited employment opportunities and an overall elevated cost 
of living (The Island Institute, 2012). Many of them have conserved land that is managed by 
federal, state, and local entities. Two industries in particular sustain their economies: fishing 
and summer tourism (Bernard, 2010). All of the island communities experience relatively 
large increases in population over the summer months when compared with Maine as a 
whole. In 2010, 63% of island housing units were used seasonally and left uninhabited in the 
winter, compared with 16% of housing units across the state (The Island Institute, 2012). 
Additionally, islands are closed loop-systems, what they expel into their environment they 
receive back as consequences.  

Table 3.1 The 15 unbridged year-round communities along with their year-round 
populations, characterized by the region they are found along the coast of Maine 
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Island Region Population  
Cliff A 71 

Peaks A 864 

Great Diamond A 91 

Long Island A 230 

Chebeague A 341 

Monhegan B 69 

Matinicus B 74 

Vinalhaven C 1,165 

North Haven  C 355 

Islesboro  C 566 

Isle Au Haut C 73 

Swans C 332 

Frenchboro C 61 

Great Cranberry C 40 

Islesford C 70 

 

We use tourism, conservation, the lobster industry, and energy as proxies to analyze the 
broader social, economic, and  environmental  issues  of  Maine’s  islands.  We  focused  on  the  15  
unbridged communities because a majority of the available literature is targeted towards 
these islands, and the issues these islands face are exaggerated due to their geographic 
isolation. If we look strictly at population, there are approximately 4,400 residents among all 
the year-round, unbridged communities. By comparison, Mount Desert Island, a bridged 
island off the coast of Bar Harbor, has 10,000 year-round residents. Therefore, our study 
represents only a small part of the total number of people who live on Maine islands, as well 
as in the rest of the state.  

Objectives 
Directing our study towards the 15 unbridged island communities allows us to explore how 
the presence of people and isolation from the mainland affect these topics and how they 
impact  Maine’s  islands.  We  analyze  the  current  status  of  tourism,  conservation,  the  lobster  
industry,  and  energy  in  order  to  determine  the  factors  that  affect  Maine’s  islands  and  how  
those factors could be influenced going into the future. The overall aim of this report is to 
provide recommendations for each of the sub-topics  to  improve  the  state  of  Maine’s  islands.   
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Figure 3.1 A map portraying the locations of the 15 unbridged island communities 
separated into three sections. Section A represents the islands in the Portland 
region. Section B shows Monhegan and Matinicus, two islands off the mid-coast 
between Boothbay Harbor and Port Clyde. Section C shows the remaining islands 
located in and to the east of Penobscot Bay. 
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Methods  

We  used  ESRI  ArcGIS  to  create  maps  of  the  Maine’s  islands  (Figure  3.2,  Figure  3.3,  Figure  
3.5, Figure 3.6, Figure 3.8, Figure 3.9). We developed these maps with data we obtained 
from The Island Institute, Maine Office of GIS, and Maine Department of Marine Resources 
(DMR). 

We found data on tourism difficult to obtain. We were able to obtain quantitative data on 
taxable sales, tourism based population changes, and lodging availability through The Island 
Institute, AirBnB.com, and the Maine State Office of Tourism. We supplemented these data 
with qualitative data from existing literature and a survey that we sent to innkeepers located 
on the 15 unbridged islands in Maine. We received IRB approval from Colby College prior 
to administering our surveys to ensure our surveys were ethical. We sent the survey to 12 
innkeepers throughout the state and 4 innkeepers responded.  

Data regarding conservation on Maine islands came from Maine Office of GIS as well as 
GIS data sites from throughout New England. We analyzed the percentage of conserved land 
on the islands, in the state of Maine, and in the rest of the New England states. We looked at 
conservation  on  all  of  Maine’s  islands  through  several  metrics,  including  square  mileage  and  
the proportion of islands with conserved land. In order to determine how the presence of 
people as well as different management system affected the amount of conserved land, we 
then focused on the 15 unbridged island communities.  

We examined the state of the lobster fisheries within these communities through quantitative 
data on lobster licenses, live landings, and input costs facing lobster harvesters, all of which 
we obtained from the Maine Department of Marine Resources (DMR). We analyzed the 
number of lobster licenses issued to island communities as a proxy for the number of 
individuals participating in the industry and their fishing effort. We utilized historical data on 
the value and poundage of live landings in Maine to assess how climate change might affect 
these  islands’  lobster  resources  in  the  future.  We  also  collected  qualitative  data  on  the  issues  
facing lobster harvesters on the islands through discussions with stakeholders during visits to 
The Island Institute and the Vinalhaven Lobster Co-Op.  

We obtained quantitative data regarding island energy prices from reports published by The 
Island Institute. The 2008 Cranberry Island report provided qualitative data on the current 
energy use trends on Maine islands (Cranberry Island Report 2008). We used data from The 
Island Institute and the Fox Islands Electric Cooperative to analyze potential for renewable 
energy on the islands in the forms of tidal and wind power. This included a case study of the 
Fox Islands Wind Project, a community-driven alternative energy project that powers two of 
Maine’s  unbridged  islands. 

Stakeholders 
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There are a variety of stakeholders that influence Maine islands, ranging from visiting 
tourists to the federal government. Islanders, or year-round residents on Maine islands, are 
especially relevant to the island communities because they are constant factors that influence 
the status of the islands. Fishermen and women that hold commercial lobster licenses are 
influenced by the freedom or restrictions set out in fishery management practices. 
Additionally, island innkeepers, or hotel manages and bed and breakfast owners are 
especially relevant to tourism due to their influence on the tourism lodging industry.  Tourists 
also  hold  a  stake  in  Maine’s  islands  because  of  their  visits  throughout the year, and their 
large contribution to the 3rd quarter earnings. Commercial tourist groups and restaurants also 
impact Maine islands because of their effect on the tourism and lobster industry.  

The Island Institute is a prominent NGO working with Maine islands. Additionally, groups 
such as Monhegan Island Sustainable Community Association and Maine Island Trail 
Association are important sources of leadership for mitigating future challenges that the 
islanders face.  

There are several land trusts active on Maine islands. The Maine Land Trust Network is a 
key player in conserving island land, and is present on 8 of the 15 unbridged island 
communities. Specific land trusts working on the unbridged island communities include but 
are not limited to Maine Coast Heritage Trust, Vinalhaven Land Trust, Chebeague and 
Cumberland Land Trust, Isle Au Haut Conservation Land Trust, and Oceanside Conservation 
Trust of Casco Bay.  

Federal agencies administer and allocate funding on land for Maine islands. The National 
Park Service (NPS), National Marine Fisheries Service (NMFS), National Oceanic and 
Atmospheric Administration (NOAA), and Atlantic States Marine Fisheries Council 
(ASMFC),  all  hold  a  stake  in  the  status  of  Maine’s  islands.  State  agencies  also  affect  the 
islands and include but are not limited to Maine State Department of Marine Resources 
(DMR), Lobster Advisory Council, Land Use Planning Commission (LUPC), Maine Bureau 
of Parks and Lands, Maine Department of Inland Fisheries and Wildlife, and Maine 
Department of Revenue Services. Town management bodies of each of the unbridged island 
communities also have a large impact on the islands because they are the local management 
system to oversee all aspects of the islands. 

State of Maine Islands 

In this section we analyze the state of the 15 unbridged islands relative to our subtopics in the 
following order: tourism, conservation, the lobster industry, and energy. Within each of those 
sections, we first examine relevant laws and institutions, then the current state of those 
topics, and then discuss our major findings. 
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Tourism 
Maine’s  unbridged  islands  are  an  important  aspect  of  coastal  tourism  in  Maine.  
However,  the  islands’  geographic  isolation  and  smaller  capacity  for  tourists  makes  
tourism on the islands different from tourism in mainland coastal towns. We begin our 
discussion of island tourism by exploring the different laws and institutions that affect 
the industry on the islands. 

Laws and Regulations 

Where tourists stay and what tourists do while visiting islands are two important aspects of 
Maine island tourism that are influenced by Maine State laws. The most relevant laws 
affecting tourism on Maine islands relate to property rights and shoreland access, as well as 
taxation and permitting (Appendix B). Together, taxation regulation and access laws affect 
the relationship between year-round  islanders,  island  tourists,  and  the  islands’  natural  
resources. Access laws facilitating access rights to the shoreline, which is important to these 
islands’  primary  economies: tourism and the lobster industry (Kallin, 2008). Taxation and 
permitting pertaining to cottage rentals and innkeepers play an important role in shaping 
community culture through tourism (Stone, 2013). 

Shoreland Zoning and Recreational Access Rights 

Maine is unique because it gives waterfront property owners domain of the shore out to mean 
low tide: the line on the shore made by the average of all the low tides as calculated over a 
long period of time (Maine Sea Grant, 2014). However, through the 1647 Colonial 
Ordinance, also referred to as the Maine Fishing, Fowling, and Navigation Law, the public is 
allowed to use the water at high tide and the mud at low tide if they are engaged in any of the 
three aforementioned activities (Appendix B). However, if the Maine Government has a 
strong interest in either preserving coastal access (on the shore or in the water) for public 
recreation, it can procure privately owned land through eminent domain. Eminent domain is 
when the government utilizes its ultimate power to seize private shoreline property to meet 
the  demand  for  justified  public  access;;  this  process  is  called  a  “taking”  by  eminent  domain  
(Kallin, 2008). Many tourists come to Maine hoping to explore its unique coastline; therefore 
shoreline access is an  important  part  of  Maine’s  coastal  recreational  culture  (Ednie,  2010).  
Different types of legalized public access are shown in Table 3.2.  
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Table 3.2 There are 5 types of shoreland access distinguished in Maine land use 
policy. Year-round islanders and tourists often have the same desires for shoreland 
access, but not necessarily the same rights. If property owners do not negotiate 
access agreements under their own terms and their property is viewed as a prime 
recreational or working waterfront property, it’s  possible  that  the  state  government  
could  “take”  the  property  through  eminent  domain  to  ensure  the  public  or  industry  
has shoreland access the state has deemed necessary (Kallin & Heimes, 2008). 

Access Type Description 
Remote Access Visual or psychological access 

Physical Access 
How one gets from one place offshore to the 
beach 

Physical Use Access What the public is entitled to do once on shore 

Perpendicular Access 
A subset of physical access: getting to the shore 
from a road or path 

Horizontal Access A subset of physical access: Moving along the 
shore parallel to the waterline 

 

Through  Maine’s  trespass  law,  property  owners  are  legally  entitled  to  prevent  the  public  from  
accessing their property above the mean low tide line (Appendix B). However, in some cases 
property owners may have the desire or feel pressure to provide the public with beach/shore 
access  to  prevent  the  Maine  government  from  “taking”  the  shoreline.  A  less  aggressive  
alternative  to  “taking”  would  be  for  the  property  owner  to  submit their waterfront land to the 
Working Waterfront Access Pilot Program (WWAPP) and negotiate a more suitable 
contractual agreement or a tax write-off that is beneficial to the property owner. Property 
owners also negotiate unwritten agreements with neighbors regarding guest access to 
shoreline to reduce conflict. For example, sandy beaches are few and far between. Property 
owners may allow guest access to their properties to avoid a government taking in which 
recreational access for the public may be warranted. 

Commercial operations (such as fishing vessels) have greater access rights to private 
shoreline than recreational tourists (such as kayakers) (Kallin, 2008). Therefore, although 
short-term tourists and year-round islanders face the same shoreline needs in the form of 
recreational and horizontal access, they do not necessarily have the same shoreline access 
rights (Ednie, 2010). In Maine, year-round islanders and summer residents often own the 
shoreline while day-trippers and weekend tourists use the shoreline in short and sporadic 
increments as guests (Ednie, 2010; Island Institute 2011).  

Some islanders own shoreline property (such as sandy beaches, which are far fewer in 
number than rocky beaches in Maine) that is a strong candidate for government seizure by 
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eminent domain. Therefore, these islanders have a motivation to negotiate public access to 
their private properties. This could take the form of either a written contract with a town or a 
verbal agreement with neighbors, which would lessen their properties’  status  as  potential  
candidates for eminent domain seizure by the Maine Government. Negotiating shoreline 
access rights for recreation will mean that this land is not further developed in the future. 
Therefore, these negotiations of produce a de facto relationship between tourism and land 
conservation.  

Taxation Laws, Permitting, and Innkeepers 

Island communities also partake in the tourism industry by providing lodging in the form of 
hotel, cottage, and campsite rentals. Running and maintaining these facilities is expensive. 
State registered inns and bed and breakfasts face a host of permitting requirements, from 
sprinkler  laws  to  food  safety  inspections  (Maine  Innkeeper’s  Association,  2013).  
Additionally, as of 2005, all rentals of living quarters including vacation homes, cottages, 
condominiums, and camps in the state of Maine are subject to an 8% sales tax (Maine 
Innkeeper’s  Association,  2013). 

In our survey, island innkeepers reported that most state and local laws related to taxation 
and permitting are difficult to comply with. One innkeeper said that the permitting process 
was the most difficult for her. Another innkeeper was more concerned with the sales tax. 
Even though she runs a small bed and breakfast (B and B), she does not pay sales tax to the 
state.  And  even  though  she  markets  her  inn  as  a  B  and  B  online,  she  said  of  her  business,  “the  
State  does  not  know  I  am  a  B  and  B  and  they  never  will.”  It  appears  that  although  the  State  
has strict tax laws for lodging facilities, they do not engage in due diligence to assure that 
inns  on  Maine  islands  are  properly  permitted.  This  is  includes  the  state’s  handling  of  
properties that are being rented by islanders (and other Mainers) through AirBnB. AirBnB is 
a corporate lodging group that allows members to rent their homes (from a private room to an 
entire estate) tax-free through an online system to other AirBnB users looking for lodging in 
specific destinations. Currently, there are 90 rentals offered through AirBnB on the 15 
unbridged Maine islands. Despite the loss in tax dollars created by innkeepers, and islanders 
that rent their properties through AirBnB, who avoid registering their rental facilities with the 
State, lodging sales tax laws do not appear to be strictly enforced on Maine islands. 

State of Tourism 

Tourists  come  to  Maine’s  islands  for  many  reasons.  Innkeepers  reported  that  close  to  half  of  
their guests are drawn by the allure of islandness; never having been to a Maine island before 
is a reason to make the journey in and of itself. Sometimes visitors are looking for an outdoor 
adventure, other times they are drawn to the old world island culture and traditional fishing 
communities on the islands that remain relatively untouched by modernity (Bernard, 2010). 
One innkeeper in our survey also  noted,  “nostalgia  from  previous  visits  brings  tourists  out  to  
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the  islands,  where  there  is  an  invitation  from  the  past  drawing  one  back  again.”  Birders  come  
for the unique wildlife present in the fall, while artists flock to the picturesque landscape to 
paint, write and ponder (Curtis, 1995).  

Despite  their  wide  variety  of  motivations,  tourists  that  journey  to  Maine’s  islands  play  a  
profound role in the sustainability of island life. Tourists have both negative and positive 
environmental impacts. Through recreational activities like motor boating, which tourists 
often  partake  in  to  explore  Maine’s  islands,  they  expel  pollutants  such  as  carbon  dioxide  and  
chemicals released from boat paint into the marine environment (Austin, 2002). Islands, such 
as Monhegan, that receive high amounts of daytrippers during the summer, experience 
increased wear on walking trails (Land Use Planning Commission, 2010). Islands that 
receive their groundwater from aquifers also face freshwater shortages at times, due to the 
high number of summer tourists (Land Use Planning Commission, 2010). They also increase 
the  demand  for  waste  and  sewage  disposal,  putting  pressure  on  the  islands’  waste  systems  
(Austin,  2002).  However,  because  tourists  are  drawn  to  the  natural  beauty  of  Maine’s  islands 
there is motivation for islanders to conserve that beauty in order to keep drawing tourists 
back year after year.  

More  so  than  in  the  rest  of  the  state,  Maine’s  unbridged  islands  are  dependent  on  third  
quarter earnings from tourism. These islands experience significant population increases 
during  the  summer  (Figure  3.2)  because  the  third  quarter’s  start  and  end  dates  align  with  the  
summer tourist influx. In 2009, third quarter taxable sales (mostly coming from restaurants 
and lodging) accounted for 52%  of  all  Maine  islands’  taxable  sales,  whereas  third  quarter  
earnings throughout the rest of the state only accounted for 29%. These discrepancies suggest 
that  Maine’s  islands  are  particularly  vulnerable  to  economic  downturn  in  the  event  that  
something were to disrupt trends in tourism (The Island Institute, 2014). In our survey, an inn 
owner on Monhegan reflected that tourism has been increasing since the economic collapse 
in 2008. We found no additional evidence to suggest that this trend would not continue in the 
future. 

Not only do tourists impact Maine islands, but Maine islands impact tourists profoundly, 
especially through the ways in which they can foster a sense of place among visitors. As 
Philip Conkling (1999) penned, “Islands  can  trigger  powerful introspective reflections 
regarding our human relationship with the Earth. The mainland looks smaller; the strong 
spirits of birds seem larger. A few of these [Maine] islands are so simple and majestic that 
even the most callous of human natures is silenced within their sanctuaries where experience 
of  the  world  is  direct  and  elemental.” 
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Figure 3.2 These maps reflect the changes between winter/spring/fall/ populations 
and summer populations on the 15 unbridged Maine islands. Map A represents the 
islands in the Portland region. Map B shows Monhegan and Matinicus, two islands 
off the Midcoast between Boothbay Harbor and Port Clyde. Map C shows the 
remaining islands located in and to the east of Penobscot Bay. All island populations 
increase during the summer; ranging from 35% to as much as 525%. Population 
data was obtained from the Island Institute. 

  

Through their interactions with the natural environment, tourists develop recreational place 
attachment, a concept similar to sense of place that natural resource managers use to better 
understand recreational users as part of a landscape (Ednie, 2010). A 2006 study on 
recreational  place  attachment  in  Maine  found  that  Maine’s  coastal  visitors  were  most  
attracted to the physical landscape, followed by local culture. Those that developed the 
highest recreational place attachment levels engaged in recreational opportunities while 
visiting under their own terms; without the assistance of commercial tourist groups (Ednie, 
2010). The most prominent commercial tourist groups on the unbridged islands are the 
private ferries that run tourists out from the mainland, providing short histories and 
information about the communities along the way. Responses from survey participants 
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reflected  this  Ednie’s  finding,  as  kayaking, swimming, biking, hiking, and visiting the sand 
beaches independently or with family remain the favorite activities among their guests.  

Because tourists foster the strongest connection to the islands when they deviate from the 
beaten path (Ednie, 2010) it does not appear that commercial tourist groups are actually not 
that valuable in forming their relationships between tourists and Maine islands. However, the 
amount of tourists that visit the islands as daytrippers is largely depending of the availability 
of commercial ferry services (Land Use Planning Commission, 2010). In short, islanders 
depend on ferry service to bring tourists out to the islands, but the commercial tourism 
aspects of these services do not appear to facilitate place attachment.  

Additionally, innkeepers in our survey suggested that they had little interest in working with 
commercial tourist operations. When asked if they work with commercial groups, two 
innkeepers  responded  with  an  emphatic  “No.”  Innkeepers  did  suggest  that  they  are  interested 
in working with local conservation groups, however. Innkeepers are aware of the importance 
in keeping their natural environment beautiful, as that is what draws tourists back to these 
communities year after year.  

Discussion 

Tourism brings positives (such as economic vitality) and negatives (such as pollution and 
overcrowding) to the islands during the summer. The summer tourist influx stresses the 
environment and island systems (Bernard, 2010; Ednie, 2010; Maine Sea Grant, 2006). 
Islanders should continue to be wary of their slowly but steadily growing tourist industry, 
implementing  conservation  programs  perhaps,  to  make  sure  tourists  don’t  damage  the  natural  
beauty of the island, as that is what draws them there in the first place. Throughout history, 
islanders have succeeded in maintaining this balance (Bernard, 2010; Conkling, 1995).  

Three out of our four survey responders indicated that having family on the island was an 
important reason for tourists to come to one of the communities. Therefore, it appears that 
keeping these islands as year-round communities is and will continue to be a primary factor 
for tourists continuing to visit these communities in the summer. One study indicated that in 
order to draw tourists that lack a family connection to their island, marketing materials that 
combine the physical landscape appeal and idyllic cultural appeal will be most successful at 
drawing new tourists to the islands (Ednie, 2010). Once tourists have arrived on the islands, 
islanders engaged in the tourist industry should work to protect a diversity of tourist 
experiences that facilitate high sense of place attachment in order to gain repeat tourists the 
following year (Ednie, 2010).  

Due to the diversity in population size, acreage, and local governments,  each  island’s  tourism  
management  plan  will  have  to  be  very  specific  to  the  island’s  needs.  Monhegan  Island,  a  
plantation managed by the Land Use Planning Commission, has been celebrated in the 
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literature and media as a community that is taking a proactive and sustainable approach to 
managing island tourism (Bernard, 2010; Land Use Planning Commission, 2010; McCarthy, 
2014). We use Monhegan Island as a case study for how an unbridged island can take an 
active role in supporting tourism, sustainability, and an enduring year-round population. 

Case Study: Monhegan Island 

Monhegan is the smallest of the 15 unbridged islands and is located approximately 
10 miles off the coast of Maine (Bernard, 2010). Monhegan is one of two islands 
that we studied that is a plantation governed by the LUPC. The other islands are 
independent towns, or fall under the jurisdiction of a mainland city (The Island 
Institute, 2014). It is serviced by ferries out of Port Clyde and Boothbay Harbor, ME 
and sustains a year-round population of 69 people, a summer resident population of 
250 people, and numerous day-trippers during the summer (The Island Institute, 
2014). In our survey, an innkeeper on Monhegan indicated that most summer tourists 
come to the island to visit family, see an old fishing village, or celebrate occasions 
such as an anniversaries or honeymoons. Monhegan was formerly an artist colony 
and today still sees art tourists who come to the island to capture the picturesque 
landscape and greater natural beauty of Monhegan (Curtis, 1995). In the fall, the 
island sees another type of tourist: birders who flock to the island during October to 
capture rare bird sightings such as peregrine falcons and yellow-rumped warblers 
during the fall migration (Bernard, 2010; Lovitch, 2014).  

Throughout   the   island’s   history,  Monheganers   have   lived   in   a  way   emblematic   of  
Princen’s  principle  of  sufficiency:  which  is  centered  around  the  idealized  concept  of  
“enoughness;;”   that   limited   consumption   and   resource   use   are   part   of   a   good   life.  
(Bernard, 2010). Therefore, setting limits has been and continues to be a part of 
Monheganers’  culture.   

Monhegan has several groups on the island working to increase environmental 
sustainability and to ensure that the dwindling year-round population does not 
become extinct. Monhegan Associates (MA) is a land trust that was formed in 1954 
and   has   three   primary   goals:  monitoring   the   environmental   health   of  Monhegan’s  
wildlands, controlling invasive species, and building the community (Monhegan 
Associates, Inc., 2014). Because Monhegan is far out to sea and lacks access to fresh 
food  from  the  mainland,  one  of  MA’s  projects  was  to  donate  land  to  an  island  farm  
to  produce  fresh  food.  Produce  from  this   farm  is  now  available  at   the  island’s  sole  
grocery store, and year-round islanders have been enthusiastic about this change 
(McCarthy, 2014). This is just one example of how an island non-profit can make an 
active difference in sustaining the land and communities that draw tourists to the 
islands year after year. 
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Another, much newer organization is the Monhegan Island Sustainable Community 
Association (MISCA), which was founded in 2002 and has the goals of purchasing 
existing residential and commercial property on the islands to make it available to 
year-round islanders for purchase at below market price (Bernard, 2010). MISCA 
was   responsible   for  purchasing   the  property   that  now  functions  as   the   island’s  one  
grocery store. MISCA members have also been responsible for the creation of new 
businesses that will draw tourists out to the island, including the new Monhegan 
Brewing Company. Together, MA and MISCA are working to protect the land, 
support the year-round population and develop innovative new business ventures 
that will support the tourist industry that the year-round population depends on.  

Monhegan is an excellent example of how an island community can support the longstanding 
tourism industry. Monheganers have been able to develop new businesses while supporting 
the year-round population and preserving island land. If we extrapolate from Monhegan to 
the other island communities, it appears that there are relatively little changes that these 
communities must make when it comes to tourism, with the exception of sustainable 
entrepreneurship. So long as the year-round communities endure (which depends greatly on 
the lobster fishery) and the natural landscape is maintained (which is influenced by island 
conservation policies), tourists will continue to come to these communities, these last, water-
bound frontiers. 

Conservation 
Conservation on Maine islands is unique compared to the rest of the state due to the 
geographic isolation and distance from the mainland. Although islands comprise over 11% of 
Maine’s  total  area,  they  only  contain  a  fraction  of  the  conserved  land  throughout the state. It 
is important to assess conservation of the islands because they contribute significantly to 
Maine’s  unique  island  habitats.   

Laws and Institutions 
Conservation  on  Maine  islands  is  particularly  important  due  to  islanders’  economic  
dependence on natural resources as well as the ecological richness. Various federal, state, and 
local laws govern conservation throughout the state and its islands. 

The Tax Treatment Extension Act (1980) is an example of a federal law that influences 
conservation in Maine (Appendix A). The law permanently authorizes income tax deductions 
for conservation contributions in historically important land areas. The Taxpayer Relief Act 
(1997) also provides tax deductions for owners for conservation easements (Appendix A). 
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State involvement is also pertinent for conservation on Maine islands. The Maine 
Department of Inland Fisheries and Wildlife works with conserved land on the islands and 
manages designated areas as outlined in the Maine constitution. 

The  Land  for  Maine’s  Future (LMF) program evaluates the need for state conservation lands, 
and allocates money from the LMF Fund. The program also distributes money through the 
Public Access to Maine Waters Fund and the Maine Working Waterfront Access Protection 
Fund. Most recently, at the July 15, 2014 meeting, the LMF Board allocated $9.1 million of 
the bonds approved by voters to various projects, including coastal islands and conservation 
assets (LMF, 2014). LMF funds help to conserve more than 315,000 acres of forestland and 
over 1,200 miles of shorefront, as well as more than two-dozen commercial working 
waterfront sites including some on the islands (LMF, 2014).  

An Act to Reform Land Use Planning in the Unorganized Territory (2012) created the Land 
Use Planning Commission (LUPC), which now manages the planning, zoning, and 
development in unorganized areas (Appendix B). LUPC is the sole authority governing 
Matinicus and Monhegan, two of the unbridged year-round island communities. 

The Maine Conservation Easement Act of 1985 established the framework for all 
conservation easements throughout the state of Maine. It also defines conservation easements 
and holders, as well as any actions that call for judicial involvement (Appendix B). The Act 
was amended in 2012 to increase the transparency for the process of creating conservation 
easements in Maine. Under this law, the holder of the easements must monitor the conditions 
of the property more frequently (at least once every three years) and a conservation easement 
must include a statement of conservation purpose. Easements must also be registered through 
the Conservation Easement Registry (Appendix B).   

The Tree Growth Tax Law (1971) and the Current-Use Tax Law (1969) give property tax 
deductions for land conservation management, which provides incentive to establish 
conservation easements (Appendix A). Maine legislature made significant changes to both 
laws in 2013, ultimately making it difficult for land trusts to have proper registration in Tree 
Growth, but do not use the land for commercial harvesting of trees (Maine Land Trust 
Network, 2014). Many land trusts however do not seek full property tax exemption for their 
preserves, and therefore are not concerned with Tree Growth or Open Space classification.  

State of Conservation 
In  order  to  fully  understand  the  state  of  conservation  on  Maine’s  islands,  we  compared  
conservation  lands  on  Maine’s  islands  to  the  rest  of  Maine  and  New  England.  Conservation 
lands of the islands include all federal, state, and conservation easement land (Table 3.3). 
Including each of these types of land, nearly 1,200 out of approximately 4,000 islands have 



State  of  Maine’s  Environment  2014 
 

122 
 

conserved land, comprising 3.3% of the total land on the islands (Maine Office of GIS, 
2014).  

Table 3.3 Types of conserved land analyzed on Maine islands (Gorte et al., 2012).  

Type of Conserved land Description 

Federal land  
Includes lands managed by four separate agencies including the 
Department of the Interior, the National Park Service, the Bureau of 
Land Management, and the Fish and Wildlife Service  

Conservation easements 
Legal agreement between a landowner and a land trust or 
government agency that permanently limits uses of the land in order 
to protect its conservation values  

State Parks Includes land managed by state governments  
 

The islands  of  Maine  contribute  to  over  11%  of  Maine’s  total  land,  covering  3,900  square  
miles (Figure 3.3). However, they only contain 2.5% of the total conserved land within the 
state, or 130 square miles of conserved land (Maine Office of GIS, 2014). Maine islands have 
very little conserved land compared to the rest of the state, as well as to the rest of New 
England (Figure 3.4). Though Maine as a state has the highest acreage of conserved land out 
of the six New England states, it is second to last in percentage of conserved land (State of 
Maine’s  Environment,  2012).   

 

Figure 3.3 A map displaying a majority of the conserved land parcels located on 
Maine’s  Islands  (Maine  Office  of  GIS,  2014). 
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Figure 3.4 A comparison of the percentage of conserved land of all New England 
States. The percentage of conserved lands for Maine islands is shown within the 
total percentage for the State of Maine. (Connecticut Department of Energy and 
Environmental Protection, 2014; Massachusetts GIS Data Catalog, 2014; Maine 
Office of GIS, 2014; New Hampshire Office of Energy and Planning, 2014; Rhode 
Island Geographic Information System, 2014; Vermont Center for Geographic 
Information System, 2014)  
 

When focusing on the 15 unbridged islands, there is a total of 22.5 square miles of conserved 
land out of the total 90, or 24% (Figure 3.5). This land is situated within 13 of the island 
communities, leaving two without any conserved land. The 15 unbridged island communities 
have conservation levels ranging from no conserved land to over 50% conserved land (Figure 
3.6) (Maine Office of GIS, 2014).  
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Figure  3.5  A  map  displaying  the  conserved  land  parcels  located  on  Maine’s  15  
unbridged island communities The map is separated into three sections for clarity 
purposes. Section A shows the islands in the Portland region, including Peaks 
Island, Great Diamond Island, Cliff Island, Long Island, and Chebeague. Section B 
shows the mid-coast island communities of Monhegan and Matinicus. Section C 
shows the northernmost island communities to the east of Penobscot Bay, including 
North  Haven,  Vinalhaven,  Isle  Au  Haut,  Islesboro,  Swan’s  Island,  Frenchboro,  Great  
Cranberry and Little Cranberry. (Maine Office of GIS, 2014)  
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 Figure 3.6 A map displaying the percent of conserved land out of the total land on 
the 15 unbridged island communities. The map is separated into three sections for 
clarity purposes. Section A shows the islands in the Portland region, including Peaks 
Island, Great Diamond Island, Cliff Island, Long Island, and Chebeague. Section B 
shows the mid-coast island communities of Monhegan and Matinicus. Section C 
shows the northernmost island communities to the east of Penobscot Bay, including 
North  Haven,  Vinalhaven,  Isle  Au  Haut,  Islesboro,  Swan’s  Island,  Frenchboro,  Great  
Cranberry and Little Cranberry. (Maine Office of GIS, 2014). 
 

These communities are managed individually by a variety of governing bodies, including 
independent town management systems, the LUPC, or the city of Portland. Much of the 
conserved land is located on islands with town management bodies (Table 3.4). Ten of the 
islands use this form of independent town managing systems, where there are localized 
groups of community members that run the logistics of the towns. Islands managed 
independently have federal, state, and conservation easement lands. These islands have a 
total of over 14 square miles of conserved land.  

The remaining unbridged island communities are managed by either the LUPC or the City of 
Portland. LUPC, as a state entity, is the sole managing body on two unbridged island 
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communities, which together compile just under one square mile of conserved land. The City 
of Portland manages the remaining three islands, two of which have no conserved land 
(Table 3.4). The City of Portland manages islands with only 0.06 square miles of conserved 
land.  

Table 3.4 The 15 unbridged island communities characterized by total square 
mileage of conserved land, type of conserved land, and management type (Maine 
Office of GIS, 2014) 

Island Type of 
Government 

Total Area 
Conserved 

(Square 
Miles) 

Area 
conserved 
based on 

type  

Type of Conserved 
land 

Isle Au Haut Independent 5.900  Federal 

Vinalhaven Independent 
4.750 4.310 

0.440 

Conservation easement 

Federal 

Swans Independent 2.850  Conservation easement 

Frenchboro Independent 1.770  Conservation easement  

North Haven Independent 0.900  Conservation easement 

Matinicus LUPC 0.650  Conservation easement 

Islesboro Independent 
0.440 0.255 

0.185 

Conservation easement 

State  

Great 
Cranberry Independent 

0.250 0.228 

0.022 

Conservation easement 

Federal  

Long Island Independent 0.140  State 

Chebeague  Independent  0.120  Conservation easement 

Peaks  City of Portland 0.060  Conservation easement 

Islesford Independent 0.010  Federal 

Monhegan LUPC 0.008  Conservation easement 

Great Diamond  City of Portland 0.000  None  

Cliff City of Portland 0.000  None 
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Conservation easement land is the most prominent type of conserved land on the 15 
unbridged islands, comprising over eight square miles of conserved land (Maine Office of 
GIS, 2014). A conservation easement gives power to a land conservation organization or to 
the government to restrict land usage for the purposes of conservation. Easements are also 
the dominant type of conserved land on Maine islands as a whole, as well as the entire state. 
Currently, eight of the 15 unbridged island communities have conservation easements. Eight 
different land trusts work on the unbridged communities alone.  

Discussion 
The 4,000 islands of Maine vary in size, terrain, distance from the mainland, year-round 
populations, summer populations, as well as conserved land. Focusing on the 15 unbridged 
islands alone allowed us to determine how the presence of people affects remote islands, as 
well as what types of conserved land are successful within the islands. Governing bodies on 
the unbridged island communities are the management of all island activity. However, 
separate management bodies, including land trusts or federal governments, manage 
conservation land located within the islands.   

Land trusts manage conservation  easements,  the  dominant  type  of  conserved  land  on  Maine’s  
islands. Different land trusts are involved in the management of the conservation easements, 
all of which are a part of the Maine Land Trust Network. The land trusts currently working 
on the unbridged island communities include Maine Coast Heritage Trust, Vinalhaven Land 
Trust, North Haven Conservation Partners, Islesboro Islands Trust, Isle au Haut Conservation 
Land Trust, Chebeague and Cumberland Land Trust, Inc., Peaks Island Land Preserve, and 
Monhegan Associates (Maine Land Trust Network, 2014). These land trusts together have 
successfully created and managed over 13 square miles of easement land on the 15 unbridged 
island communities alone. Conservation easements are located on lands with all types of 
town managing systems, but are able to continue to expand their growing network of 
easements  on  Maine’s  islands  because  of  the  support  of  LMF  funds.  Land  trusts  are  the  most  
successful  management  for  conserved  land  on  all  of  Maine’s  islands and are continually 
expanding their lands on all types of islands with all types of management systems. 

Case Study: Monhegan 
Three-quarters of Monhegan is protected by a conservation easement (Island Institute, 
2014). Monhegan Associates, a land conservation organization within the Maine 
Land  Trust  Network,  manages   the   easement   in   order   to   preserve   “the  wild   land   of  
Monhegan  in  its  natural  ecological  state  consistent  with  its  use  by  the  public”  (Maine 
Land Trust Network, 2014). Monhegan Associates was one of the first land trusts on 
the East Coast, and was originally created by donated lands in return for the 
agreement to preserve them (Monhegan Associates, 2014). Monhegan Associates 
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currently manages 0.008 square miles of easement land out of the total 4.5 square 
miles on the island (Monhegan Associates, 2014).  

With 69 year-round residents, a plantation town government currently manages the 
island, which is within the LUPC. However, the LUPC is not the managing body of 
the conservation easement. Monhegan Associates, a land trust organization separate 
from the community government, has managed the easement since its creation in 
1954 (Monhegan Associates, 2014). Management of conserved land that is separate 
from the town management has been successful for the easement within the 
community of Monhegan, as well as other islands with easements such as Matinicus, 
another unbridged island community managed by the LUPC.  

The U.S. National Park Service manages the federal land located on the islands. The federal 
land is the second most common type of conserved land located on Maine islands as a whole, 
however, it is mostly only located on Isle au Haut. The conserved federal land on Isle au 
Haut is included in Acadia National Park. This is a special case on the islands, and is not a 
common  form  of  conserved  land  on  all  of  Maine’s  islands.  If  we  disregard  Isle  au  Haut,  over  
90%  of  the  conserved  land  on  Maine’s  unbridged  island  communities  is  made  up  of  
conservation easements (Maine Office of GIS).   

Non-profit organizations, such as the Maine Island Trail Association (MITA), have also had 
positive  involvement  for  the  conservation  of  Maine  islands.  By  creating  America’s  first  water  
trail,  MITA  promotes  visitation  and  stewardship  of  Maine’s  coast  (Maine  Island  Trail  
Association, 2014). The trail spans over 200 islands and has built a community of 
stewardship and care for the islands that has left islands with visiting members in better 
ecological shape than those left completely alone. MITA is another example of a local 
organization working to protect islands outside of town management bodies.  

The form of management on the islands is crucial for managing all aspects of islands of 
Maine; however, in terms of conservation, land trust management, such as Monhegan 
Associates, has been more beneficial than federal or state lands on the islands. The 
conservation  on  Maine’s  islands  is  most  successful  when  land  trusts  are  working  to  create  
conservation easements on the islands, and organizations other than the managing system on 
the particular island, such as MITA, are involved. Differing from town management bodies 
that are focused on all aspects of Maine islands, land trusts and non-profits promote the 
creation of new conservation easement and successfully management existing lands because 
they are solely focused on conservation.  

Lobster Industry 
Maine lobster is an iconic product with which the islands have strong historical and 
economic ties. Since the first lobster pounds appeared in tidal creeks on Vinalhaven in 1875, 
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lobstering has been an integral part of the island economies. With high concentrations of 
lobster licenses being issued to residents of the unbridged islands, it is imperative that island 
lobstering communities petition for localized management of their lobster resources. 

Laws and Institutions 

Federal living marine resources (LMR) in Federal waters are managed by a number of 
federal laws and fishery management councils that are overseen by the National Oceanic and 
Atmospheric Administration (NOAA). The fishery management councils include 
stakeholders such as commercial and recreational fishermen, marine scientists, and state and 
federal fisheries managers. The members of these councils work together to balance the 
commerce and conservation of LMR in their respective geographic planning areas. Their 
powers include the ability to (1) limit fishing effort, (2) adjust the start and end dates of 
fishing seasons, (3) regulate fishing gear restrictions, (4) determine the number of fishermen 
permitted to harvest certain species, and (5) determine the total catch limits for different fish 
species.  These  management  councils  utilize  their  members’  respective  backgrounds  in  
science, policy, and business to continually assess and update the federal laws that govern 
LMR management (NMFS, 2014). 

The federal law that governs fishery sustainability is the Magnuson-Stevens Fishery 
Conservation Act. The Act establishes a fishing conservation zone out to 200 nautical miles 
from shore; it was enacted to promote the optimal exploitation of LMR (MAFMC, 2014). 
This zone is intended to prevent overfishing, phase out foreign fishing, and allow overfished 
stocks to recover. The fishing conservation zone established through the Magnuson-Stevens 
Fishery Conservation Act coincides geographically with the Exclusive Economic Zone 
(EEZ),  which  grants  exclusive  property  rights  over  a  country’s  marine  waters  within  200  
nautical  miles  of  that  country’s  coastline,  as  established  by  the  United  Nations  Conventions  
on the Law of the Sea. The Magnuson-Stevens Fishery Conservation Act has been amended 
several times since it was enacted in 1976 to promote the sustainability of various depleted 
fisheries. The Act was most recently amended in 2006.   

The Federal Sustainable Fisheries Act, passed in 1996, declared lobsters over-fished and 
mandated a rebuilding of the fishery throughout the state (DMR, 2011). In 1997, the Atlantic 
States Marine Fisheries Commission (ASMFC) implemented an interstate conservation plan 
for rebuilding the fisheries stock. The ASMFC then passed its recommendations on to the 
State of Maine for implementation and enforcement through the Maine Department of 
Marine Resources (DMR). The Maine Legislature and DMR took the recommendations from 
the ASMFC and began to limit entry by zone into the lobster fishery. Part of the conservation 
plan of ASMFC was restoring egg production in the lobster stock by prohibiting the 
possession  and  harvesting  of  “berried”  lobsters,  which  are  female  lobsters  carrying  eggs  
(ASMFC, 2014). Regulations also dictate that if female egg-bearing lobsters are brought up 
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in  a  trap,  fishermen  must  place  a  “V”  shaped  notch  on  their  tails  and  place  them  back  into  the  
water. Fishermen are then prohibited from harvesting or being in possession of these V-
notched lobsters. Other requirements that regulate the fishery include biodegradable panels 
on traps, permitting and tagging for traps, escape vents on traps for undersized lobsters, and a 
maximum per-vessel allowance of 800 traps (DMR, 2011). 

State of Lobster Industry 

The lobster industry  is  a  vibrant  part  of  Maine’s  economy  and  its  cultural  heritage.  Live  
landings  in  2013  accounted  for  over  $300  million  of  the  state’s  gross  domestic  product  
(Appendix C). Total annual live landings have increased from around 20 million pounds in 
the early 1980s to over 120 million pounds in recent years (Figure 3.7). The residents of 
Maine’s  islands  are  partially  dependent  on  lobstering,  as  illustrated  by  the  concentrations  of  
licenses issued to members of these communities. In 2009, an estimated 15% of islanders 
held lobster licenses. In the same year, 95% of all commercial fishing licenses and 9% of 
lobster licenses were issued to residents of island communities, despite islanders making up 
less  than  1%  of  the  state’s  total  population.  Of  all  of  the commercial fishing licenses issued 
to island residents, 78% were for lobster fishing compared to 47% for the state of Maine as a 
whole (Island Institute, 2009), which shows that there is a relatively higher proportion of 
lobster permits compared to other commercial fishing licenses within the island communities 
compared to the rest of Maine. 

 
Figure 3.7 Historical data for live lobster landings by weight in the state of Maine 
from 1984 to 2013 (Maine Department of Marine Resources). 
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The price of fuel and bait, two of the most costly inputs to lobster fishing, have risen steadily 
as the per pound price of lobster has decreased slightly since 1997. We use 1997 as a base 
year because that was when the DMR began to implement its conservation plan for the 
lobster fishery in Maine. Since 1997 the national average diesel fuel price increased 220% 
from $1.19 to $3.81 in 2014 (EIA, 2014). During this same time period, the price per pound 
for live landings decreased slightly from $2.94 to $2.89. The average price per pound of 
lobster had increased and decreased during this time period, peaking at $4.39 in 2007 (DMR, 
2014). Since 1980, the price for a drum of bait has also climbed from $35 to around $180 in 
recent years (Spector, 2013), which is more than 400% increase. The trend of rising input 
costs and a relatively stagnant price per pound of lobster could threaten the livelihoods of 
many members of the fishery. There are serious impacts from the loss of profitability for 
lobstermen within the island communities as their ability to change occupations is severely 
limited by the small size and geographic isolation of many of the unbridged islands. 

Discussion 

Rising input costs and a stagnant price per pound for live landings has created pressures to 
increase fishing efforts within the fishery. This pressure to fish more traps and more days out 
of the year means that the fishery must be regulated closely in order to prevent unsustainable 
rates of harvest. It was not until the ASFMC and the Maine DMR began to implement 
programs to protect the sustainability of lobster resources that lobster became a tightly 
managed excludable resource. 

One  of  the  ASFMC’s  recommendations  to  the  Maine  DMR  was  to  implement  a  limited  entry  
and apprenticeship program. The Maine Lobster Limited Entry and Apprentice Program 
established six limited entry zones along the coast of Maine in 1997. The limited entry zones 
are defined by specific geographical boundaries and the amount of fishing effort and live 
landings that occur within each zone varies (Table 3.5). These zones limit the number of new 
entrants into the fishery by setting up a waitlist for obtaining licenses to fish for lobster in 
that zone (DMR, 2012). Lobstermen place themselves on the waitlist by applying for a 
lobster license within a specific zone. To be eligible for a license, an applicant must complete 
the mandatory apprentice program.  
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Table  3.5  Weight  and  value  of  live  lobster  landings  for  each  of  Maine’s  lobster  
management zones in 2013 (Maine Department of Marine Resources, 2014)  

Zone Pounds Value  
A 28,030,532 $73,387,003 

B 17,983,766 $51,940,092 

C 32,977,489 $93,510,074 

D 24,079,841 $72,040,792 

E 6,162,778 $18,960,799 

F 12,273,940 $39,130,080 

G 4,251,079 $14,975,355 

Unspecified 194,452 $574,322 

 
The intensive apprentice program involves working with a commercially-licensed lobster 
harvester for a minimum of 24 months, documenting at least 1000 hours and 200 fishing days 
(DMR, 2011). An applicant must also apprentice within the zone they wish to enter. The 
number of licenses awarded to new entrants for each limited entry zone is based on an exit-
ratio. These exit-ratios, which the DMR calculates in February of each year, range from three 
to five license holders retiring for every one new entrant (DMR, 2012). 

Management of  the  Maine  Islands’  lobster  fisheries  as  excludable  resources  belonging  to  the  
island communities is a relatively recent development. In 2009, the DMR implemented a new 
law to give island communities the legal ability to protect the long-term viability of their 
lobster fisheries. The Maine Lobster Island Limited Entry Program allows year-island 
communities to petition the Commissioner of the DMR to establish limited entry programs 
appropriate to island lobster fisheries. The Island Limited Entry Program gives islands the 
ability to establish their own limited entry zones with specific allowances of licenses that are 
appropriate to the economic needs of their community and the sustainability of their lobster 
resource. To date, several islands have successfully petitioned the DMR to set up Island 
Limited Entry Zones, including the Cranberry Islands, Cliff Island, Chebeague Island, and 
Monhegan (Waterman, 2012). 

The  final  issue  affecting  Maine’s  islands’  lobster  industries  is  the  potential  future  impacts  
from climate change and warming in the Gulf of Maine. Over the last forty years, live 
landings  as  a  percent  of  the  state’s  total  annual  landings  have  decreased  in  southern  coastal  
counties (Table 3.6). We see the opposite effect for northern coastal counties as the relative 
share  of  the  state’s  total  landings  has  increased  significantly  within  this  area  (Figure  3.8).  
Warming in the Gulf of Maine could drive lobster populations and live landings into more 
northern waters outside of Penobscot Bay, where there is a high concentration of island 
lobstering communities. 
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Table 3.6 Historical change in live lobster landings in pounds as a proportion of 
annual state totals (Maine Department of Marine Resources) 

County 
Average Percent of 

Annual State 
Landings (1970-79) 

Average Percent of 
Annual State 

Landings (2000-09) 

Change in Average 
Percent of Annual 

State Landings 
(1970-2009) 

Washington 11.63 15.31 3.68 

Hancock 24.39 29.50 5.11 

Knox 26.81 31.52 4.72 

Lincoln 11.50 7.25 -4.26 

Sagadahoc 2.64 1.83 -0.81 

Cumberland 17.16 12.01 -5.15 

York 5.73 4.04 -1.69 

 

 

Figure 3.8 Map displaying historical change in live lobster landings in pounds as a 
proportion of annual state totals (Maine Department of Marine Resources) 
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Energy 
Islands currently face unique challenges in meeting their energy and electricity needs due to 
their geographic isolation. This results in higher electricity prices compared to the rest of the 
state. Local alternative energy production would benefit the islands overall. 

Laws and Institutions 

Several state and federal laws pertain to the discussions of alternative energy options for 
Maine’s  unbridged  islands.  Tidal  and  wind  power  fall  under  the  jurisdiction  of  both  onshore  
and offshore regulations. These regulations provide guidelines for establishing renewable 
energy projects with minimal environmental impacts and in doing so present several 
obstacles to the development of certain projects. 

Overall, the Maine government is relatively supportive of tidal power and other alternative 
energy projects as reflected in the following laws. The Act to Facilitate Testing and 
Demonstration of Renewable Ocean Energy Technology and the Act to Implement the 
Recommendations  of  the  Governor’s  Ocean  Energy  Task  Force,  established  in  2009  and  
2010 respectively. These laws help to streamline the process of establishing tidal power 
projects and are indicative of a larger effort by the state to be a leader in the alternative 
energy movement (Appendix B).  

The onshore and offshore development of wind power is also a potential method for reducing 
electricity costs for the people of Maine. This can be especially difficult because of the many 
laws  regarding  the  conservation  of  coastal  areas  on  Maine’s  islands.  The  Maine  Working  
Water Access Permit Program (MWAPP) allows for these projects to move forward through 
the issuance of permits while the Maine Mandatory Shoreline Zoning Law provides obstacles 
to project development in shoreline areas (Appendix B). This law serves to prevent 
development from hindering the widespread recreational fishing  that  occurs  on  Maine’s  
coasts. 

The Maine Current Use Taxation for Working Waterfronts also creates setbacks for 
establishing  wind  power  on  a  large  scale  on  Maine’s  islands  (Appendix  B).  While  the  
previously mentioned MWAPP could provide access to more coastal areas for alternative 
energy project development, the Current Use Taxation for Working Waterfronts discourages 
large-scale development of working waterfronts.  

State of Energy 

The seclusion from the mainland, the sense of community within the islands, and the 
fantastic  views  are  all  unique  aspects  of  island  life  that  Maine’s  island  communities  embody.  
However, the staggering prices that islanders pay for their electricity on a yearly basis are not 
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included in those perks. The detachment from the mainland and the absence of bridges make 
powering the islands more difficult. While many use the submarine cable or diesel tank 
method of receiving power from the mainland, these methods have proven costly for some 
and the need for a new source of energy has become apparent. 

 

Figure  3.9  Average  energy  prices  for  Maine’s  15  unbridged  island  communities 
 

Maine  islanders’  electricity  rates  deviate  from  Maine  and  national  averages.  According  to  the  
Island  Institute’s  Island  Indicators  2010-2011 publication, the national average currently sits 
at 11 cents per kilowatt-hour (The Island Institute, 2012). The New England average, sitting 
at 18 cents, is bested slightly by the Maine mainland average of 16 cents. While the islands 
of Casco Bay, Isleboro, and the Cranberry Isles all experience electricity costs within that 
range, the other islands see prices ranging anywhere from just below 30 cents to the high 
price of 70 cents per kilowatt-hour (The Island Institute, 2012). Currently, the islands get 
their energy in a variety of ways. Most islands are connected to the mainland by a submarine 
cable, while two islands import mainland fuel, and two others have recently made a partial 
move to alternative energy. The data in Figure 3.9, having been collected before the wind 
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farm could be established, does not reflect the change in cost that occurred on the island due 
to the project itself (Island Institute 2012). The difficulties in powering unbridged islands are 
evidenced by the high prices year-round islanders must pay, but there are potential solutions 
that can solve this issue; alternative energy. The use of alternative energy in the United States 
has yet to approach its capacity. Maine as a whole, and specifically its islands have a unique 
opportunity to spearhead community-based alternative energy projects and bring forth real, 
sustainable solutions to one of their largest local problems. The current widespread use of 
both diesel transportation and expensive to maintain submarine cables has put the islands in a 
position where a change must be made. 

The  potential  for  alternative  energy  as  a  means  to  power  Maine’s  islands  is  certainly  there,  as  
both wind power and tidal power could act as long-term solutions (Firestone 2004). There are 
even examples of communities being proactive in making an effort to improve their situation 
as far as electricity payment is concerned. The wind farm project on Vinalhaven for example, 
demonstrates a local, island-based initiative that allows islanders to shed their dependence on 
energy from the mainland. While this plan has certainly not been exclusively met with praise, 
it has helped contribute to lower energy costs on the island, despite complaints about the 
noise of wind turbines as a nuisance (Nissenbaum, 2011). The possibility of these projects 
becoming more prominent is an exciting one for the islands, as it could end up severely 
cutting the electricity costs that islanders must pay. 

Analysis and Discussion 

Providing the islands of Maine with energy has always been an issue, as evidenced by the 
high costs of electricity that have historically plagued the islands. With the exception of the 
Casco Bay islands and others that are closer to the shore, the Maine islands experiences 
energy costs that greatly exceed both state and national averages. These average costs climb 
as high as 70 cents per kilowatt on Monhegan Island in 2009 (Island Institute, 2012). 

Table 3.7 Electricity  sources  for  Maine’s  unbridged  islands  (Town  of  Cranberry  Isles  
Energy Study, Island Indicators 2010-2011, Fox Islands Electric Cooperative)  
 

Island Electricity Source 
Chebeague Use submarine cables from the mainland 

Cliff Use submarine cables from the mainland 

Frenchboro Use submarine cables from the mainland 

Great Cranberry Use submarine cables from the mainland 

Great Diamond Use submarine cables from the mainland 

Isle Au Haut Use submarine cables from the mainland 
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Isleboro Use submarine cables from the mainland 

Little Cranberry Use submarine cables from the mainland 

Long Island Use submarine cables from the mainland 

Matinicus Rely on importing diesel fuel 

Monhegan Rely on importing diesel fuel 

North Haven Fox Islands wind turbines have eliminated 
inconsistent submarine cables 

Peaks Use submarine cables from the mainland 

Swans Use submarine cables from the mainland 
 

The geographic isolation that separates the islands from the mainland presents the largest 
challenge to maintaining traditional energy production methods. This isolation varies on an 
island-to-island basis. Some islands could realistically maintain a submarine cable while 
maintaining low electricity costs. However, others need to form their own self-engineered 
energy source, such as a diesel tank on shore that relies on oil imports from the mainland 
(Cramer, 2008). 

In order to improve the state of the islands, it is necessary to decrease their dependence on 
mainland fuel sources while lowering the costs of energy to create sustainable and 
environmentally responsible projects. The two most plausible solutions for the islands would 
almost certainly be wind power (both on land and offshore) or tidal power (Ocean Renewable 
Power Company, 2013; Island Institute, 2013). One such movement was the Fox Islands 
Wind Project, which served the unbridged islands of Vinalhaven and North Haven. 

Case Study: Fox Islands Wind Farm 
The Fox Islands Wind Project broke ground in 2009, becoming the largest community-
based wind energy endeavor on all of the East Coast (Borst 2010). For the majority of 
the twentieth century, the island of Vinalhaven was reliant on oil imports from the 
mainland. This was changed significantly in the late seventies when the conversion 
was made to a ten-mile long submarine cable that connected to the mainland in 
Rockport (Gallant 1983). The support for community-based wind projects was 
miniscule as early as the mid 2000s, but the spike in natural gas costs in 2005 led to 
increased interest in the idea (Curtis 2009). While this was an improvement over the 
previous energy regime, the people of Vinalhaven and North Haven still continued to 
experience electric rates that soar over the national averages.  

The overall feedback so far from the Fox Islands Wind Project paints a larger picture 
of the pros and cons of wind as a sustainable source of energy. While the prospect of 
gaining energy independence from the mainland is extremely desirable, doing it in an 
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environmentally safe manner would be most ideal. The electricity prices on 
Vinalhaven and North Haven have fallen from 29 cents per kilowatt hour to anywhere 
between 5 and 6 cents s of 2010 and around 12 cents as recently as 2013 (Goldfine 
2011,Fox Island Wind Neighbors 2014). A serious barrier to the expansion of wind 
energy  is  the  cultural  impact  and  how  it  would  alter  the  look  of  the  island’s  treasured  
landscapes. This, along with growing complaints about noise issues that come with the 
wind turbines, make the prospect of large-scale installment of local wind power 
projects slim. In fact, the many disturbed residents have gone as far as to publish an 
online blog criticizing the prices that were promised and complaining about their loss 
in quality of life (Fox Islands Wind Neighbors).  However, should island communities 
and their members be able to get over the hump in this respect, progress could be made 
in all directions. 

This goes additionally for tidal power as well. One advantage that tidal power has in 
this instance is that the mechanism used to harness the energy is not visible, rather 
deep underwater (Garrett & Cummins 2005). This advantage goes for solar power as 
well. Should there be a growth  in  the  number  of  alternative  energy  projects  on  Maine’s  
islands, as is the recommendation based on what we have discovered in our research, 
the islanders could be looking at unfamiliar numbers on their future electric bills. This 
is assured so long as community engagement and the proper government funding are 
available  to  start  up  these  projects  and  begin  saving  money  for  the  people  of  Maine’s  
islands. Focusing on community engagement and education concerning the unique 
energy needs of the islands are especially important, as government funding and 
alternative energy can only do so much if members of the community to not support 
new means of energy production. 

Scenarios 

A number of stakeholders and policies have affected tourism, conservation, lobster fishery 
management,  and  energy  production  and  consumption  on  Maine’s  islands.  In  the  coming  
years, the complex relationship between the social, economic, and environmental factors will 
dictate the state of these issues on the islands of Maine. We suggest three possible scenarios 
for the future of the state of the Maine islands that account for changes in national economic 
trends  and  the  state’s  political  climate. 

Status Quo 

The lobster fishery management continues to be dictated by reactionary policies. Island 
communities’  implement  limited  entry  zones  as  they  continue  to  assess  and  protect  the  
sustainability of their lobster resources. Large conservation organizations such as Maine 
Coast Heritage Trust continue to purchase island property and increase the amount of 
conserved land on islands. Conservation easements continue to be the most prominent type of 



State  of  Maine’s  Environment  2014 

139 
 

conserved land, and land trusts continue to manage land successfully. Tourism increases at a 
slow but steady rate. Third quarter revenue largely from tourism continues to be a huge factor 
in annual income earnings on the islands. The prices for electricity remain well above 
national averages, pushing islanders to begin incorporating alternative energy projects on 
their islands.  

National Economic Downturn 

A national economic downturn or a prolonged recession has several negative consequences 
on  Maine’s  islands.  Islanders  would  face  increased  unemployment  as  the  tourist  industry  
dwindles and there is less opportunity to sell luxury goods such as lobster to the mainland. 
Some families stop living on the island year-round making tourists have less motivation to 
come back to the islands to see their families. Any community support for alternative energy 
projects dies as islanders tighten their investments as they focus on meeting their basic 
household needs. Conservation groups receive fewer donations for the same reasons. 
However,  there  are  existing  funds  from  Land  for  Maine’s  Future  that  will  continue  to  support  
existing conservation land. Already high electricity prices would become a relatively higher 
expenditure  of  falling  total  household  incomes.  Interestingly,  a  buyer’s  market  emerges  in  
real estate, presenting an opportunity for outside developers to buy undeveloped waterfront 
land, preventing conservation organizations  (who  can’t  afford  to  outbid  the  outside  
developers) from making those purchases. 

Progressive Policies Sweep the Maine Legislature 

Larger amounts and portions of tax revenues are used for conservation initiatives, increasing 
the amounts of conserved  land  on  Maine’s  islands.  Higher  property  taxes  motivate  islanders  
to enter conservation easements in order to decrease their property tax rates due to the Tree 
Growth Tax Law (1971). Tourism continues to thrive. Lobster fishery management practices 
benefit from higher amounts of funding due to progressive policies. This leads to more 
quantitative assessments of lobster resources and more guided and efficient decision-making 
within the management of the fishery. Progressive policies create financial incentives for 
alternative energy projects on the islands that increase their energy independency from the 
mainland. However, island communities are divided in their beliefs on alternative energy 
sources, and though some islanders buy into the idea of alternative energy, others protest the 
unsightly appearance of alternative projects, causing an increase in controversy within island 
communities over energy sources. 

Conclusions and Recommendations 

The  issues  Maine’s  islands  experience  are  as  diverse  as  the  islands themselves. We find that 
though we can predict future scenarios for tourism, conservation, the lobster industry, and 
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energy, we provide recommendations specific to each sub-topic in order to adequately 
address each issue.   

Tourism 

If we have learned one thing throughout this project, it is that there is a dearth of information 
regarding tourism on Maine islands. Although the Island Institute has useful quantitative data 
on energy, education, housing, and other aspects of community life for the 15 unbridged 
islands, these communities are only a small representation of all the island life in Maine. 
There is a gap in the literature when it comes to discussing tourism on the year-round 
unbridged islands in relation to the year-round bridged islands of Maine, and the islands that 
do not support human populations. It was beyond the scope of our analysis and available 
resources to bridge this gap, but to fully understand the role of Maine islands in the state of 
Maine, an analysis of the differences among these islands is warranted. Such an analysis of 
the complex interplay between year-round Mainers, tourists, and the natural environment on 
all of these islands would be enable policymakers to recommend accurate policies. If we 
think of Maine island tourism like a health condition; before we can prescribe the cure there 
must be research that enables one to properly diagnose the problem (if one exists). That all-
encompassing research simply does not exist in this case. Our first and foremost 
recommendation is that there needs to be more data that links all types of islands in Maine 
together. 

Based on the literature that we were able to review and our survey responses, we offer the 
following recommendations specific to island tourism on the 15 unbridged islands. We have 
found that their isolated existence and natural beauty is what brings many tourists out to 
these small communities off the coast in the first place. Although tourism creates some 
negative environmental consequences like increased pollution; it has not disturbed the 
environment in a significantly negative manner. Additionally, tourism fosters a sense of place 
and a connection to the land, which can in turn create a heightened sense of environmental 
ethics. Therefore, tourism has mostly positive impacts for these communities and the tourists 
who visit them; we recommend that business as usual in regards to tourism on the islands 
should continue.  

Specifically, small, locally-owned inns and private room rentals should remain the primary 
type of lodging and tourists should continue to venture off the beaten path with their family 
members. It is through this tradition of island tourism that the greatest sense of place is 
established with the least environmental impact. Until there is more information on tourism 
in the context of Maine islands, we find that tourism on the 15 unbridged Maine islands is a 
well-oiled machine that is not in need of a major overhaul. So long as they maintain their 
traditional authenticity, pristine environments, and quaint yet innovative business ventures, 
tourists will continue to flock these islands and connect with the island environments. 
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In  terms  of  changes  that  could  occur  of  the  islands,  we  recommend  that  reassess  it’s  taxation  
policies in regards to corporate lodging groups such  as  AirBnB.  It’s  possible  that  small,  
autonomous inns will forfeit their status as such in the future and opt to submit their 
properties to corporate lodging groups like AirBnB. This would positively impact island 
innkeepers as well as tourists. It would reduce  innkeepers’  tax  burden  or  potential  tax  evasion  
suits while still giving them the opportunity to turn a profit. Tourists would gain a more 
authentic  experience  staying  in  community  members’  homes.  They  would  also  be  access  the  
shoreline as guests of private waterfront property for the duration of their stay; reducing 
shoreline access rights conflicts. 

There are currently 90 rentals offered through AirBnB on the 15 unbridged Maine Islands. So 
far, the state has not engaged in due diligence for collecting tax through AirBnB. When 
lodging services, such as the B and B from our survey and AirBnB,  find loopholes to avoid 
paying 8% tax on their earnings the state loses money. For example, if all of the lodging 
facilities available on the 15 unbridged Maine islands through AirBnB were rented for just 
one week during the summer, the state would lose close to $9,000 sales tax because these 
facilities  are  not  registered  with  the  state.  Yet;;  because  AirBnB  and  similar  models  of  “rent  
your  room  websites”  benefit  both islanders and tourists, it could be beneficial for the state to 
address its tax policies on corporate entities such as AirBnB. They could avoid losing tax 
dollars at the same time that they support the islanders and the tourists.  

Conservation 
With only  2.5%  of  the  Maine’s  total  conserved  land,  the  amount  of  conserved  land  on  the  
islands needs to increase in order to improve the status of conservation on Maine islands as 
well as throughout Maine. Supporting existing conservation lands with localized 
management and creating new easement lands will overall increase the amount of successful 
conserved land on islands.   

The recent amendments to the Maine Conservation Easement Act create a framework for 
conservation easements that requires more frequent monitoring of conservation lands, while 
also increasing the required transparency for easements (Appendix A). With this law and the 
recent allocation of LMF bonds to coastal islands and conservation assets, local enforcement 
involving land trusts and non-profits is key in improving the state of conservation for Maine 
islands.   

Local land trusts and non-profits have had the largest success in conserving Maine islands. 
Maine Land Trust Network organizations, particularly the Maine Coast Heritage Trust 
(MCHT), already positively influences Maine islands due to their contribution to conserved 
land through easements. With the combination of this already growing network of land trusts 
and increased monetary support from LMF, the creation of new easements is plausible. An 
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increase in abundance of conservation easements created by MCHT as well as other local 
land trusts will benefit the islands.  

Maine Island Trail Association (MITA) draws tourists to appreciate the natural beauty of 
Maine’s  islands.  By  increasing  stewardship for tourists, MITA helps expand the growing 
system  of  people  supporting  conservation  of  Maine’s  islands.  Additionally,  innkeepers  on  
Maine islands expressed through surveys that they want to have increased involvement with 
conservation organizations going into the future. The link between conservation and tourism 
can be enhanced through the collaboration of conservation organizations such as MCHT as 
well as MITA and innkeepers on islands. 

Land trusts and non-profits are necessary to increase the amount of conserved land as well as 
improve management of existing conserved land. Creating a stronger connection between 
conservation and tourism will increase the community support for conserved land because of 
increased appreciation of the natural beauty of Maine islands. Community support within the 
islands as well as throughout the state is necessary for conservation on Maine islands because 
voters are needed to approve LMF bonds for conservation. The collaboration of all 
stakeholders is necessary to continue to support conservation of Maine islands. 

Lobster Industry  
Lobstering  on  Maine’s  islands  is  an  important  part  of  the  culture  and  history  of  these  
unbridged communities. Harvesting lobster is also a large source of income for many 
islanders. With high concentrations of lobster licenses being issued to island residents, it is 
clear that any policies that regulate the industry would have a large effect on livelihoods and 
overall incomes within these island communities. As many of these geographically isolated 
islands support only small populations, occupational changes in response to tighter 
restrictions on the fishery could be very difficult or impossible. As the groundfishing industry 
is collapsing in Maine, switching to other forms of fishing in response to lobster harvesting 
policy changes is becoming more difficult despite the large overlap in the necessary skills 
and equipment.  

State regulations that limit the amount of allotted licenses and traps within limited entry 
zone, have put pressure on commercially-licensed lobstermen to increase fishing efforts to 
overcome increasing input costs in the form of rising prices for diesel fuel and bait. Maine's 
apprentice program for lobster license applicants also presents issues within the island 
lobstering communities as the mandatory two-year program presents large barriers to entry 
for new commercially-licensed harvesters. Unbridged island lobstering communities would 
improve the overall status of the lobster industry by petitioning to Maine DMR for the 
adoption of Island Limited Entry Zones. By establishing limited entry zones, lobstering 
communities can establish license allotments and trap limits that allow them to balance their 
economic needs and conservation goals. 
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Energy 

The best case going forward for these islands certainly involves a change from the current 
methods of energy attainment. The long, expensive submarine cables and the shipping of 
mainland diesel fuel to the islands will not sustain in the long-term. While the change to 
alternative energy on a wide scale certainly has its barriers, the Fox Islands Wind project has 
shown that these things can work to not only lower electricity costs, but to further eliminate 
environmental impacts and greenhouse gas emissions. While there are negatives that come 
with the territory of wind power, the potential change in energy prices far outweighs the 
occasional noise or vibration complaint. Using the community aspect of the Fox Islands 
project as a base, other island communities could potentially see a widespread reduction in 
electricity prices. The elimination of noise and vibration problems could also be remedied by 
taking the turbines offshore or using tidal power instead. However, the potential 
environmental, social, and economic effects of these types of alternative energy must be 
considered. 

One possible solution would be providing incentives for islands to pursue alternative energy 
projects. Alternative energy may be difficult to encourage due to cultural barriers but 
increasing education and awareness of the  islands’  energy  plight  could  encourage  growth  in  
that area. Understanding the challenges they face when it comes to energy is important, but 
understanding potential solutions, such as alternative energy, could create a paradigm shift on 
Maine’s  unbridged islands. However, community support and education can only go so far 
without the help of both state and federal government. Renewal of the Federal Production 
Tax Credit for wind energy would be a start in the right direction. Giving electricity 
providers a financial incentive (a certain amount paid back per kilowatt hour of wind 
produced) to use wind power will make the practice more attractive and cost-effective on a 
large scale (American Wind Energy Association 2014). This would be further aided by more 
tax credits for other forms of alternative energy, such as solar and tidal power. If the 
government  can  fiscally  support  these  projects,  Maine’s  islands  can  finally  begin  a  slow  
movement to lower prices while also contributing to the larger environmental movement. 
This could potentially include a large scale offshore wind farm in the Gulf of Maine 
(Acoustic Ecology Institute 2013). This would be especially advantageous for the islands as 
they would be the communities within the closest proximity to the project. 
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Appendix 
Appendix 3A  
Federal Laws influencing Maine islands  

Law Year Description Location 

The Lacey Act 
1900 
(Amended 
2008) 

Prohibits fish or wildlife transactions that 
violate state, federal, and Native American 
tribal or foreign laws 

16 U.S.C. 
§3371–3378 

The Fish and 
Wildlife 
Coordination Act 

1934 
(Amended 
1958) 

Authorizes NOAA to collect fisheries data for 
making environmental decisions that may 
affect fishery resources. 

16 U.S.C. 
§661-667 
Sec. 55 

Clean Water Act 1972 
Makes permit necessary for any project that 
could result in discharge into navigable 
waters 

33 U.S.C. 
§1251 Sec. 
401 

Marine Mammals 
Protection Act 1972 

Prohibits, with certain exceptions, the "take" 
of marine mammals in U.S. waters and by 
U.S. citizens on the high seas; prohibits the 
importing of products from marine mammals 

16 U.S.C. 
§1361-1407 

Endangered 
Species Act 1973 Prohibits,  with  certain  exceptions,  the  “take”  

of threatened or endangered species 
16 U.S.C. 
§1531-1544 

Magnuson – 
Stevens Fishery 
Conservation Act 

1976 
(Amended 
2006) 
 

Enacted to promote the optimal exploitation of 
our living marine resources; sets up a fishery 
conservation zone to 200 nautical miles in 
order to prevent overfishing, phase out 
foreign fishing, and allow targeted species to 
recover 

16 U.S.C. 
§1801-1882 
 

Tax Treatment 
Extension Act 1980 

Makes permanent qualifications for income 
tax deductions for qualified conservation 
contributions 

USC Title 26 
§170 

Tax Relief Act 1997 Creates tax deductions for conservation 
easement land 

USC Title 26 
§2031(c) & 
§2055(f) 
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Appendix 3B  
Maine State laws that impact islands 

Law Year Description Location 
Maine Sales Use 
and Tax Law 1960  Describes taxable items and percentage taxable 

items by the state. 
MRS Title 36, 
§1752 

Current – Use Tax 
Law  1969 Reduces taxes for conservation easement land by 

requiring the valuation of available land use  
MRS Title 36, 
§701-A 

Maine Mandatory 
Shoreland Zoning 
Law 

1971  
Published by the Maine DEP, details rights of 
residents  and  permitted  usage  for  all  of  Maine’s  
coastal and inland shorelands 

MRS Title 38, 
§435  

Tree Growth Tax 
Law  1971 

Reduces property taxes for lands used for tree 
harvesting for management complying to a harvest 
plan 

MRS Title 36,  

§571-584-A 

Soil and Water 
Conservation 
Districts: Findings 
and Purposes 

 

1983  Requires State Government to assume greater share 
of conservation spending that it has in the past 

MRS Title 12, 
Part ,1 Chapter 1, 
§205 

 

Maine Fishing, 
Fowling, and 
Navigation Law 

1985 Negotiates the rights of landowners and the general 
public have to the Maine shorelines 

MRS Title 12, 
Chapter 202-A: 
§573 

Maine 
Conservation 
Easement Act  

1985 

Allows for the creation of conservation easements in 
Maine; amendment in 2007 requires all conservation 
easements to have monitoring data, and creates 
Conservation Easement Registry 

MRS Title 33, 
§476-479C 

Lobster and 
Fishing Licenses 

 

1997  

 

Prohibits lobster fishing without Monhegan trap tags; 
limits the number of traps allowed in the water 

 

MRS Title 12, 
Part 9, Subpart 2, 
Chapter 619 
§6474 

Criminal Trespass 
Law 2001 Outlines the grounds for which persons can be 

prosecuted for trespassing in the state of Maine 
MRS Title 17-A, 
Chapter 17, §402 

Conveyance of 
Real Estate: 
Conservation 
Easements 

2007 

 

Enforces conservation easements; establishes the 
conservation attributes associated with the real 
property and the benefit to the public intended to be 
served by the restriction of uses of the real property 

MRS Title 33, 
Chapter 7, 
Subchapter 8-A 
§477-A 
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 are subject to the conservation easement  

Shellfish, Scallops, 
Worms and 
Miscellaneous 
Licenses 

 

2007 

 

Enforces shellfish conservation ordinance; uses 
municipality funds to implement shellfish 
conservation program 

 

MRS Title 12, 
Part 9, Subpart 2, 
Chapter 623 
§6671 

 

Current Use 
Valuation of 
Working Waterfront 
Land  

2007 
Reduces property taxes for working waterfront with 
the highest deductions for permanently protected 
land 

MRS Title 36 
§1131-1140-B 

Efficiency Maine 
Trust Act 

 

2009 
Establishes a natural gas conservation program; 
provide incentives for the development of new, 
energy-efficient business activity in the State  

MRS Title 35-A, 
Part 8, Chapter 
97 §10111 

 

Act To Facilitate 
Testing and 
Demonstration of 
Renewable Ocean 
Energy Technology 

2009 

 

Streamlines and coordinate State permitting and 
submerged lands leasing requirements for renewable 
ocean energy demonstration project 

MRS Chapter 
270 S.P. 545 - 
L.D. 1465 

Maine Current Use 
Taxation for 
Working 
Waterfronts 

 

2009 

 

Provides financial incentive to prevent land use 
changes  on  “Working  Waterfronts” 

MRS Title 36, 
Sections §1131 -
1140 

Act To Implement 
the 
Recommendations 
of the Governor's 
Ocean Energy 
Task Force 

2010 

 

Helps aid renewable ocean energy projects in 
overcoming obstacles related to establishing a 
source of renewable energy while maintaining the 
water’s  biological  integrity 

MRS Chapter 
615 S.P. 710, 
L.D. 1810 

Act to Reform Land 
Use Planning 
Authority in the 
Unorganized 
Territory 

2012 
Enacts the Land Use Planning Commission in place 
of the Land Use Regulation Commission to manage 
unorganized territory 

MRS Title 12 
§681-689 
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Appendix 3C  
Historical  data  for  Maine’s  lobster  industry,  including  weight  of  live  landings,  total  
value of live landings, average price per pound, number of license holders, and 
number of traps (Maine Department of Marine Resources, 2013) 

Year Pounds Value 
(Dollars) 

Price/Pound 
(Dollars) 

Number of 
License 
Holders 

1984 19,545,682 $49,298,135  $2.52  8,730 

1985 20,125,177 $45,035,558  $2.24  4,789 

1986 19,704,317 $46,171,224  $2.34  4,840 

1987 19,747,766 $54,548,137  $2.76  5,285 

1988 21,739,067 $60,742,438  $2.79  5,627 

1989 23,368,719 $59,552,211  $2.55  6,172 

1990 28,068,238 $61,627,973  $2.20  6,617 

1991 30,788,646 $72,265,347  $2.35  6,839 

1992 26,830,448 $71,822,699  $2.68  6,063 

1993 29,926,464 $73,863,438  $2.47  5,836 

1994 38,948,867 $100,936,678  $2.59  6,247 

1995 37,208,324 $101,893,173  $2.74  7,469 

1996 36,083,443 $106,980,557  $2.96  6,992 

1997 47,023,271 $138,292,438  $2.94  7,118 

1998 47,036,836 $137,189,341  $2.92  6,937 

1999 53,494,418 $184,614,071  $3.45  6,794 

2000 57,215,406 $187,714,817  $3.28  6,873 

2001 48,617,693 $153,982,266  $3.17  6,831 

2002 63,625,745 $210,950,030  $3.32  6,799 

2003 54,970,948 $205,715,329  $3.74  6,822 

2004 71,574,244 $289,078,847  $4.04  6,799 

2005 68,729,861 $317,948,336  $4.63  6,720 

2006 75,345,827 $305,439,420  $4.05  6,614 

2007 63,975,958 $280,648,419  $4.39  6,498 

2008 69,908,504 $245,150,026  $3.51  6,329 

2009 81,174,638 $237,536,890  $2.93  6,070 
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2010 96,208,976 $318,892,485  $3.31  5,942 

2011 104,896,767 $334,438,740  $3.19  5,961 

2012 127,225,275 $341,792,804  $2.69  5,963 

2013 125,953,877 $364,518,516  $2.89  5,792 
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The State of Coastal and Island Wildlife in 
Maine 

Maddie  Johnson,  Connor  O’Neil,  Katherine Rizk, and Kellie Walsh 

Executive Summary 
The  “State  of  Maine’s  Coastal  and  Island  Wildlife  2014”  is  the  4th  chapter  in  The State of 
Maine’s  Environment  2014, a report produced by the Environmental Policy Group in the 
Environmental Studies Program at Colby College in Waterville, Maine. This is the eighth 
State  of  Maine’s  Environment  report  published  since  2004.  In  this  chapter  of  the  report,  we  
analyze the status of coastal and island wildlife in Maine.  

Coastal and island wildlife have played an important  role  in  Maine’s  history  and  continue  to  
impact  both  the  livelihoods  and  the  economy  of  Maine’s  people.  Maine’s  coastline  is  
recognized  as  one  of  the  world’s  most  biologically  productive  ecosystems  (USFWS, 2005) 
and ocean-related  industries  employ  approximately  10%  of  Maine’s  residents  (NOAA, 
2013a). Long-term  threats  facing  Maine’s  coastal  and  island  wildlife  include  warming  
waters, overfishing, and the improper management of invasive species. Short-term threats 
include habitat  degradation,  gear  entanglement,  and  ship  strikes.  Assessing  all  of  Maine’s  
wildlife was beyond the scope of this report so we instead examined five species in depth: 
Atlantic puffins, European green crabs, Atlantic herring, North Atlantic right whales, and 
Western North Atlantic harbor seals. These species are representative of four different 
coastal  habitats  and  provide  specific  examples  of  the  successes  and  failures  in  Maine’s  
coastal wildlife management.  

Atlantic puffins are becoming increasingly affected by climate change as the Gulf of Maine 
is warming 99% fast than any other ocean in the world (Abel, 2014). The 2012 and 2013 
breeding seasons saw a significant decrease in breeding success. Only 10% of Atlantic 
puffins on two of the most abundant breeding islands successfully reared a chick in 2013 
(NAS, 2013a). As climate change persists in the Gulf of Maine, the stakeholders already 
involved in protecting island wildlife must broaden their scope and begin to identify future 
islands that could be potential nesting sites for Atlantic puffins to be protected as Significant 
Wildlife Habitat in order to protect the state listed threatened species.  

Green crabs are the most widely distributed intertidal crab species in the world and are 
extremely responsive to temperature (Liegnel, Stillman, Baringou, Thabet, & Metais, 2014). 
Green  crab  populations  increased  exponentially  along  Maine’s  coast  in  the  1950’s  when  
temperatures became abnormally mild. The species is unique in that it is able to survive and 
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thrive in water temperatures ranging from 0-35°C. Native species like soft shell clams were 
decimated during the 1950s due to green crab predation; however, populations quickly 
recovered  due  to  the  severely  cold  winters  of  the  1960’s. After four decades of cooler water 
temperatures, in 2006 the average sea surface temperature again increased to 12.5°C. For 
reference, the average sea surface temperature from 1960-1969 was 8.2°C and the average 
from 2005-2013 was 10.4°C. Green crab populations have once again exploded as they did in 
the past, severely impacting the biodiversity and productivity of the intertidal zone.  

Both the Atlantic State Marine Fisheries Commission and NOAA state that herring are not 
being overharvested in the Gulf of Maine based off the most recent stock assessments 
(ASMFC, 2014a; NOAA Fisheries, 2014a). These conclusions are a result of the creation of 
a Fisheries Management Plan for herring and subsequent amendments. Amendment four has 
been one of the most influential because it switches from Total Allowable Catch Levels to 
Annual Catch Levels in each herring management zone (NEFMC, 2010).  

The  wildlife  in  Maine’s  deeper  waters  is  primarily  threatened  by  gear  entanglement.  The  
critically endangered North Atlantic right whale has an estimated 300-500 individuals left in 
the North Atlantic and each year, an average of 4.05 right whales are observed to be killed or 
seriously injured to the point of likely death (NMFS, 2013). Between 1997 and 2005, Maine 
lobster gear accounted for approximately 37% of all large whale entanglements and roughly 
22% of tagged right whales were observed swimming near Maine exempted waters 
(Baumgartner & Mate, 2005; Young, pers. comm., 2014). The Large Whale Take Reduction 
Rule has reduced the likelihood of ship strikes and entanglement but conservation groups 
continue to recommend critical habitat area for the right whale be expanded beyond 
Massachusetts. Critical habitat area for right whales is in need of expansion, according to 
conservation groups and the National Marine Fisheries Service. Two Maine areas in 
particular,  Jeffrey’s  Ledge  and  Jordan  Basin,  have  been  proposed  as  potential  critical  habitat  
sites (McCarron, 2013).  

The Western North Atlantic stock of the harbor seal has over 70,000 individuals between 
Canada and New England and can afford to lose 1,662 individuals above natural mortality 
each year to reach its optimum sustained population (NMFS, 2014a). It is defined as being of 
“least  concern”  by  the  International  Union  for  Conservation  of  Nature  (IUCN, 2014). Like 
right whales, harbor seals are primarily threatened by gear entanglement. Over 99% of 
fishery-induced mortalities and serious injuries between 2007 and 2011 were attributed to the 
Northeast Sink and Mid-Atlantic gillnet fisheries (NMFS, 2014a). The Marine Mammal 
Protection Act of 1972 is recognized as sufficiently protecting this species but policymakers 
should recognize the threat of human activity on harbor seals (Gilbert, pers. comm., 2014). 
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Introduction 
The  nation’s  coasts are important for the economy and diverse ecosystems and wildlife. 
People have long used rivers and ocean to dump waste from factories and sewers (NOAA, 
2014a). In some regions, this effluent became so toxic that wildlife began to perish (NOAA, 
2014c). In other regions, over-harvesting and various human impacts degraded the ecosystem 
and impacted marine species. 

In the 1970s, Americans recognized the severity of this situation. As a result, multiple laws 
were  created  to  help  ensure  the  cleanup  of  the  nation’s  waterways  and  the  recovery  of  its  
wildlife species. In 1948, the Federal Water Pollution Control Act was created to manage the 
discharge of pollutants into US waters (US EPA, 2014). In 1972, the law was expanded and 
became formally known as the Clean Water Act (US EPA, 2014). That same year, the 
Marine Mammal Protection Act (MMPA) was created. The MMPA prohibited the incidental 
taking of marine mammals in US waters (16 USC § 1361; 16 USC § 1801-1882). Shortly 
thereafter came the Endangered Species Act (ESA) in 1973. The ESA placed species that 
were either threatened or of concern under protection and mandated the conservation of their 
habitat (NOAA, 2014b). Finally, the Magnuson-Stevens Act was created in 1976 (16 USC § 
1801-1882). The act is the fundamental US law governing both recreational and marine 
fisheries in the United States (16 USC § 1801-1882). The creation of these four federal laws 
in the 1970s showcases the changing attitudes among Americans with regards to their oceans, 
waterways, and wildlife species. 

The people of Maine are particularly dependent on the success of their oceans and wildlife 
species. Today, over 10% of jobs in the state come from ocean-related industries (NOAA, 
2013a). However, these benefits are extremely dependent on healthy coastal ecosystems 
(MCP, 2011).  The  state’s  unique  coastal  habitats  and  diverse  wildlife  provide  a  number  of  
ecosystem services including water filtration, carbon cycling, and flood protection 
(Schauffler, 2013). In addition, economic benefits like recreation and tourism have allowed 
many  of  Maine’s  coastal  communities  to  flourish  over  time.   

However,  overuse  of  Maine’s  coastal  resources  have  also  caused  issues.  For  example the 
collapse  of  Maine’s  cod  industry  in  the  mid-1990s  is  a  cautionary  tale  for  today’s  policy  
makers, scientists, and fishermen. In the 17th century, Atlantic cod was said to be so 
abundant that you could walk across the ocean on their backs (CCFS, 2013). Two centuries 
later, over-fishing led to the commercial collapse of the fishery in the 1990s, which resulted 
in the loss of thousands of jobs and the cod quota was reduced by one third of the 1994 level 
(NOAA, 2013b). Today the Atlantic cod stocks in Maine remain low. The collapse of this 
singular species impacted the entire ecosystem (Cudmore, 2009). 

Today, coastal development, economic growth, and climate change are major threats to 
Maine’s  coastal  and  island  wildlife.  Together  they have altered the physical and chemical 
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environment  of  Maine’s  coast,  threatening  thousands  of  critical  yet  vulnerable  wildlife  
species (EPA, 2014). In 2013, more than half of the people who inhabited the Gulf of Maine 
lived in the coastal zone (Schauffler, 2013). On average, each of the eight Maine counties 
bordering the gulf increased in population by approximately 26% from 1980 to 2010 
(GOMCME, 2013b). Human populations are expected to continue growing to another 
600,000 individuals by 2025 (Pesch & Wells, 2004). Seasonal residents have also increased 
due to residential and commercial development along the coast. These new developments 
have altered land use and had both direct and indirect impacts on the coastal zone 
(Brookings, 2006). The increase in population coupled with a rise in coastal infrastructure is 
placing  an  unprecedented  pressure  on  Maine’s  fragile  coastal  habitats  (Schmitt & Whiting-
Grant, 2007).  

Economic  growth  is  also  exerting  similar  stress  on  Maine’s  coast.  In  2013,  Maine’s  coastal  
municipalities  employed  55%  of  the  state’s  workforce  and  comprised  60%  of  the  state’s GDP 
(National Economics Program, 2014). In Downeast Maine, the average income from fishing 
is higher than the state average (GOMCME, 2013a). In addition, the coastal tourism industry 
in Maine provides more opportunities for employment than the fishing, farming, forestry, and 
aquaculture industries combined (cite). Both tourism and fishing industries are heavily 
dependent on healthy coastal habitats (GOMCME, 2013a). 

Finally,  the  impacts  from  climate  change  are  projected  to  cascade  throughout  Maine’s  
coastline. In the first half of 2012, sea surface temperatures in the Gulf of Maine were the 
warmest ever recorded (Dawicki, 2012). According to a study conducted by the Gulf of 
Maine Research Institute, the coastal waters of Maine are warming at a faster rate than 99% 
of  the  world’s  oceans  (Abel, 2014). This change in ocean temperature is just one of the 
various physical effects brought on by anthropogenic atmospheric warming which are 
beginning  to  have  significant  impacts  on  Maine’s  coastal  environment.  The  response  of  each  
coastal wildlife species to changing conditions will vary meaning that some species will be 
negatively affected and others will thrive. The result will be a different coastal ecosystem 
than what we see today (NAS, 2013a). The adaptability of Maine’s  coastal  ecosystem  to  
changing conditions will depend greatly on the management techniques and policies 
implemented to mitigate the effects of climate change.   

Objectives 
In this chapter we evaluate the state of coastal and island wildlife in Maine by focusing on 
wildlife found in four distinct ocean habitats. Our report focuses on five specific indicator 
species, which we use to better understand the status of wildlife living in each physical zone. 
These four unique habitats include: islands, intertidal, offshore, and deep-water zones, 
defined below. Breaking down the vast coastal and island ecosystem into smaller habitats 
made our goal of assessing the overall state of coastal wildlife more manageable.  



State  of  Maine’s  Environment  2014 

157 
 

In 1969, the US Commission on Marine Science, Engineering and Resources defined the 
coastal  zone  as,  “the  territorial  sea  of  the  United  States  and  the  tidal  waters  on  the  landward  
side of the low water mark along the coast, port and harbor facilities, marine recreational 
areas, and industrial and commercial  sites  dependent  on  the  seas…”  (CMER, 1969). Each 
coastal state was then left to define the landward extent of its coastal zone for itself. Maine 
defines its coastal zone to include all towns bordering the coast as well as all islands (Figure 
4.1) (MCP, 2013). 
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Figure 4.1 Coastal Zone of Maine (Maine Office of GIS, 2014). 
 

The islands of Maine are home to diverse wildlife species that are supported by their unique 
rocky ledges and cobble lined shores (MCP, 2006).The islands offer predator-free and prey-
abundant habitat for vulnerable wildlife groups like seabirds and small mammals. Many 
islands are recognized as critically important and have been protected by various 
conservation groups as significant wildlife habitat (USFWS, 2013).   

The intertidal habitat serves as a valuable feeding and breeding ground for a variety of fish 
and invertebrate species. The zone is comprised of 44% mud flats, 25% rocky shore, 14% 
salt marsh, and the rest sandy beaches (Bigelow, 1999). Shellfish species are filter-feeding 
organisms, which can enhance water quality by taking things like algae, and other small 
particles out of the water. Both commercially and ecologically valuable species interact 
within the intertidal zone making it increasingly susceptible to environmental changes and 
trophic cascades.  

The offshore habitat plays a key role in joining the wildlife species in the intertidal and deep-
water habitats. A number of diverse taxa call the offshore habitat in Maine home. For 
example, species of marine phytoplankton that contribute to the production of 70% of the 
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world’s  oxygen  live  in  the  offshore  habitat  (Stevenson, Tuxbury, Johnson, & Boelke, 2014). 
In addition, the offshore habitat also acts as a nursery for species, like bottom-dwelling fish 
(Stevenson et al., 2014). Many commercially valuable species like herring live in the 
offshore zone. 

The deep-water habitat is home to an array of species ranging from marine mammals and 
turtles to deep-sea fish and microorganisms like plankton. The geological and topographic 
diversity contributes to this biologic diversity. Many of the species within this dynamic 
habitat  act  as  indicators  for  the  health  of  Maine’s  greater  deep-water ecosystem. Population 
declines of the larger species, like whales and seals, can result in trophic cascades in deep-
water communities that have the potential to deplete species richness or otherwise impact 
ecosystem health (Summers, Wippelhauser, Keliher, & Doughty, 2010). 

Methods 
We first conducted a general literature review to gain better understanding of  Maine’s  coastal  
and island wildlife using Colby libraries, Scopus, and Google Scholar. We used books, peer-
reviewed journals, and government data from US Fish and Wildlife Services (USFWS), 
National Oceanic and Atmospheric Association (NOAA), and Maine Department of Natural 
Resources (MDMR). We collected population and landings data for our five indicator species 
from the USFWS, NOAA, MDMR, US Humane Society, and National Audubon Society. 
Finally, we contacted 18 experts by e-mails and phone interviews. 

We used ArcGIS software (ESRI 2014) to map the coastal zone of Maine, seabird habitat, 
and green crab census data. The data were obtained from the Maine Coastal Program. The 
data for the seabird habitat and puffin nesting habitat came from the Maine Department of 
Environmental Protection. Green crab data came from the Maine Department of Marine 
Resources. 

Laws and Institutions 
Maine’s  coastal  and  island  wildlife  are  protected  through  various  international,  federal,  and  
state laws. These laws define and regulate the use of coastal wildlife habitat, develop 
management plans, and protect a number of critical species. Protection of coastal and island 
wildlife is important due to their vulnerability and economic importance. A diversity of 
stakeholders and institutions  play  important  roles  in  the  protection  of  Maine’s  coastal  and  
island wildlife. They conduct research, develop conservation programs, and organize 
community outreach that directly influences the implementation and amendment of laws. 
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Federal Laws 
 Table 4.1 Selected federal laws pertaining to coastal and island wildlife in Maine 

Law Year Description Location 

Migratory Bird Treaty 
Act 
 

1918 

Makes it unlawful to pursue, hunt, take, capture or 
kill migratory birds without a waiver as well as 
grants full protection to bird parts including 
feathers, eggs and nests 

16 U.S.C. § 
703-712 

Marine Mammal 
Protection Act 
 

1972 
Prohibits the taking of marine mammals in US 
waters and the ability of US citizens to take marine 
mammals from international waters 

16 U.S.C. § 
1361-1407 
 

Endangered Species 
Act  1973 Protects and aids in the recovery of species listed 

as  either,  “endangered”  or  “threatened” 
16 USC 
§1531-1544 

Magnuson-Stevens 
Fishery Conservation 
and Management Act 
 

1976 

Regulates fisheries by implementing allowable 
catch levels and market-based fishery 
management strategies 
 

16 U.S.C. § 
1801-1882 
 

Coastal Management 
Zone Act 1982 

Gives  NOAA  the  power  to  manage  the  nation’s  
coastal resource with the goal of protecting, 
conserving, and enhancing these resources and 
while promoting sustainable development 

16 U.S.C. § 
1451-1456 
 

Atlantic Large Whale 
Take Reduction Plan 2008 

Regulates gear used by fisheries to reduce the 
rates of incidental mortality and serious injuries of 
marine wildlife 

50 CFR § 
229 

 

The three most important federal laws governing coastal and island wildlife in Maine are (1) 
Endangered Species Act (ESA), (2) Magnuson-Stevens Fishery Conservation and 
Management Act (MFCMA) and, (3) Coastal Zone Management Act (CZMA) (table 4.1). 
The ESA was created to define, protect, and recover endangered and threatened species of 
wildlife, fish and plants in the United States (16 USC § 1531-154). The law protects species 
habitats and oversees the agencies in charge of protecting the North Atlantic right whale to 
implement regulatory rules like the Large Whale Take Reduction Plan. The MAFCA is the 
primary law governing marine fisheries in the United States federal waters (16 USC § 1801-
1882). It sets allowable catch limits, designates fishing zones, regulates fishing equipment, 
and requires onboard observers to ensure vessels adhere to these regulations. The MAFCA 
has a direct influence on Atlantic herring in Maine and revisions in 2006 required the fishery 
management plan for herring to be switched to Total Allowable Catch by 2011 (NEFMC, 
2010). The CZMA creates a partnership for federal and state governments to work together 
to protect coastal zones in the United States. It provides federal funding to coastal states like 
Maine to develop measurements that conserve their coastal habitats (16 USC § 1451-1456).  
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The Migratory Bird Treaty Act (MBTA) and Marine Mammal Protection (MMPA) are also 
essential  laws  that  protect  Maine’s  coastal  and  island  wildlife.  They  protect  vulnerable  
species like the Atlantic puffin and North Atlantic right whale from killing, harassment and, 
hunting (table 4.1).  

State Laws 
Maine  has  a  variety  of  laws  that  protect  and  conserve  the  state’s  coastal  and  island  wildlife.  
Two of these important laws are the Maine Endangered Species Act (MESA) and Natural 
Resource Protection Act (NRPA) (table 4.2). The MESA protects wildlife species that are 
state threatened and endangered. The Atlantic puffin is currently state threatened in Maine 
and as stated in the MESA are managed by the Maine Department of Inland Fisheries and 
Wildlife (MDIFW) (12 MRS § 925). NRPA also plays a crucial role in protecting Atlantic 
puffins through habitat protection. Currently all puffin nesting islands in Maine in 
conservation ownership and protected as Significant Wildlife Habitat by the NRPA (38 MRS 
§ 480-D).  

There are several other more detailed state laws that manage coastal municipalities in Maine. 
They regulate specific species permits and licenses and outline management strategies for 
addressing various conservation issues (table 4.2).  

Table 4.2 Selected state laws pertaining to coastal and island wildlife in Maine 

Law Year Description Location 

Maine Endangered 
Species Act 1975 

Gives  the  Commissioner  of  Maine’s  Department  of  
Fisheries and Wildlife authority to adopt and 
implement rules regulating public use of any wildlife 
sanctuary or management area 

12 MRS § 
925 

Municipal Shellfish 
Conservation 
Programs 

1977 
States that any municipality may vote to raise and 
appropriate money towards implementing a shellfish 
conservation program 

12 MRS § 
6671 

Soft-Shell Clam 
Management 1983 

Puts in place a 2 inch minimum size for soft shell 
clams and discusses tolerance, enforcement, and 
penalties faced by harvesters if they should break the 
law 

12 MRS § 
6681 

Natural Resources 
Protection Act 1987 

Mandates that a permit be acquired for any activity 
located in, on, or adjacent to any protected natural 
resource 

38 MRS § 
480-D 

Marine Revised 
Statutes, Title 12 1997 Updates  Maine’s  laws  related  to  the  conservation  of  

coastal areas 
12 MRS § 
6810-A  

Commercial 
Shellfish License 2005 Requires a license to fish for, take, possess or 

transport shellfish within state limits 
12 MRS § 
6601 
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Commercial Green 
Crab only License 2013 

Discusses the regulations surrounding the harvest of 
green crabs 

12 MRS  
§ 6808 

Municipal 
Conservation 
Programs 

2014 
Explains the necessary things a municipality must do 
in order to have a municipal shellfish program 

12 MRS § 
6671 

 

Institutions and Stakeholders 

International Government 
Three international institutions are particularly influential in guiding conservation action and 
policy of vulnerable species like the right whale:  (1) The International Union for the 
Conservation of Nature (IUCN), (2) the Convention of International Trade in Endangered 
Species of Wild Fauna and Flora (CITES), and (3) the Convention on the Conservation of 
Migratory Species of Wild Animals (CMS). All three assess population trends and current 
threats of wildlife around the world to inform the strength of trade, harassment, and killing 
regulations (CITES, 2013; Reilly et al., 2012).  

Two international institutions responsible for monitoring human activities regarding whale 
protection and ship regulation are the International Whaling Commission (IWC) and the 
International Maritime Organization (IMO). The IWC is the principal international governing 
body in charge of conserving whales and regulating whaling while the IMO is a specialized 
agency under the United Nations that ensures shipping practices are safe, efficient, and 
environmentally sustainable. The League of Nations also helped outlaw whaling in 1935 
before the IWC had been established in 1946 by the Convention for the Regulation of 
Whaling (United States Court of Appeals, 2008). 

Federal Government 
The  Federal  and  state  governments  play  an  integral  role  in  protecting  and  conserving  Maine’s  
coastal wildlife. Federal agencies such as The National Oceanic and Atmospheric 
Association (NOAA) and United States Fish and Wildlife Service (FWS) work to keep 
citizens engaged and informed about topics such as coastal and island wildlife through 
scientific research and community outreach. These agencies develop and supervise regional 
programs such as the Maine Coastal Program and the New England Fisheries Management 
Council, which have direct influence on the coastal and island wildlife in Maine. These 
agencies work together to develop, implement and oversee policies and management 
practices that impact coastal and island wildlife in Maine. The FWS and NOAA also co-chair 
an agency called the Aquatic Nuisance Species (ANS) Task Force, which is dedicated to the 
prevention and control of aquatic nuisance species like green crabs (USFANSTF, 2011).  
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The US Coast Guard plays a critical role in overseeing and regulating ship and fishermen 
behavior. It is responsible for enforcing gear restrictions, vessel speeds, shipping lanes, and 
animal harassment. It is therefore an imperative institution regarding the protection of 
Maine’s  coastal  wildlife,  especially  for  critically endangered species like the right whale. The 
National Marine Fisheries Service is the primary marine mammal regulatory agency for US 
waters under the Endangered Species Act (ESA). Two federal institutions are responsible for 
Atlantic herring regulation and management in Maine. They are (1) The Atlantic States 
Marine Fisheries Commission and (2) The New England Fisheries Management Council. The 
Maine Department of Marine reports and collects data on herring landings in both state and 
federal waters. 

State Government 
Two state institutions are responsible for Atlantic herring regulation and management in 
Maine. They are (1) The Atlantic States Marine Fisheries Commission and (2) The New 
England Fisheries Management Council. The Maine Department of Marine Resources 
(DMR) reports and collects data on herring landings in both state and federal waters. 

The primary state agency dealing with green crabs in Maine is also the Department of Marine 
Resources (DMR). In 2013 the agency co-hosted a green crab summit with Maine Sea Grant 
at the University of Maine, Orono which brought together stakeholders from all over North 
America. Maine Sea Grant is one of 33 NOAA Sea Grant programs and it serves as a 
powerful resource for sharing information. The goal of the Maine Sea Grant program at the 
University  of  Maine  is  to  sponsor  scientific  research  and  develop  tomorrow’s  marine  
workforce  by  focusing  on  Maine’s  coastal  communities  (Maine,  2014).   

The FWS works alongside The Maine Department of Inland Fisheries and Wildlife 
(MDIFW) to protect seabird habitat in Maine from predators, and human impacts as well as 
conduct scientific research that provide the best policies needed to protect species like the 
Atlantic puffin (USFWS, 2012). The MDIFW is also in charge of enforcing the Maine 
Endangered Species Act that prevents actions such as hunting, harassing, and selling of 
wildlife like the Atlantic puffin.  

Non-Governmental Organizations (NGOs) 
NGOs play a crucial role in filling the gaps that government agencies fail to address when 
tackling environmental issues. They conduct research, facilitate policy development, and 
organize community outreach programs. NGOs receive the majority of their funding through 
interested parties and individuals. In our research, large NGOs like the National Audubon 
Society conduct leading studies on coastal and island wildlife and help to establish major 
conservation efforts. Smaller NGOs such as the Gulf of Maine Research Institute (GMRI) 
employ scientists who carry out primary research, provide policy documents, and contribute 
to education. 
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The Human Society of the United States and Defenders of Wildlife contribute largely to 
research and protection of endangered species like the North Atlantic right whale. Along with 
three other conservation groups, these groups have been active in filing citizen suits against 
the National Marine Fisheries Service (NMFS) to expand critical habitat area and strengthen 
gear restrictions since 2008.  

The National Audubon Society (NAS) seeks to conserve and restore natural ecosystems to 
benefit  humanity  and  the  world’s  biological  diversity.  NAS  uses  education,  science  and  
policy to protect and restore local habitats for birds and other wildlife. The NAS is one of the 
main conservation agencies that seeks to protect Atlantic puffins in Maine and created 
Project Puffin, the seabird restoration project aimed at bringing Atlantic puffins back to 
historical  nesting  sites  in  Maine  in  1973.  They  continue  to  protect  the  Maine’s puffin 
populations today through scientific monitoring and community outreach (USFWS, 2012). 
The Gulf of Maine Seabird Working Group (GOMSWG) also works to protect seabirds in 
the Gulf of Maine like the Atlantic puffin through   a partnership of public and private 
organizations. Regular members consist of groups like the Canadian Wildlife Service, Maine 
Audubon Society, Maine Coast Heritage Trust and the Maine Department of Fish and 
Wildlife. Most members are actively involved in seabird protection and restoration. The 
GOMSWG allows the member groups to communicate efficiently and develop reports and 
assessments that benefit seabirds in the Gulf of Maine (GOMSWG, 2014). 

Industries and Communities 
Coastal  communities  play  instrumental  roles  in  the  management  of  Maine’s  coastal  and  
island wildlife. Fishermen and clammers rely on healthy stocks of fish, like herring and 
shellfish for income, tourism industries depend on the existence of popular species like 
whales, seals, and puffins to attract visitors, and coastal residents build much of their 
livelihoods around the culture of dining from, working with, and socializing near coastal 
resources. Lobsterman are also dependent on healthy herring populations for bait in their 
lobster traps. Communities therefore hold important stakes in the success of coastal wildlife 
in economic, social, and cultural contexts. 

Local community efforts and initiatives have also proven to be the most successful agent for 
dealing with issues like invasive green crabs. Evidence of this has been seen internationally 
in Kejimkujik National Park, Nova Scotia as well as within the state of Maine in the towns of 
Freeport and Brunswick. 

Community stakeholders like the Maine Lobstermen, fishermen, and those involved in the 
Large Whale Take Reduction Team have large stakes in the rules enacted by the Large 
Whale Take Reduction Plan, which was established by NMFS and the Large Whale Take 
Reduction Team in 1997. The gear modifications required in this frequently amended Plan 
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are often hard for lobstermen to keep up with and can be expensive, but are important 
components of right whale and marine mammal protection efforts in the Gulf of Maine. 

State of Island Wildlife 
The coast of Maine is defined by about 4,000 islands (MCP, 2006). Half of these islands are 
currently publicly owned; however, in terms of acreage, 94% of Maine Islands are private 
property. Federal and state agencies and conservation groups own over 1,500 of the public 
islands totaling almost 16,000 acres and this number is continuously increasing (Taft, Taft, & 
Rindlaub, 2002). These agencies are mostly interested in protecting and conserving the 
diverse  wildlife  present  on  Maine’s  islands.  This  wildlife  includes  bald  eagles,  deer,  
raccoons, minks, and a variety of waterfowl and seabirds (BPL, 2003). Each of these wildlife 
species plays an important role in the island habitat as well as the three other coastal zone 
habitats we discuss in this chapter.  

The majority of island wildlife in Maine is high on the coastal food chain and many are top 
predators. Top predators in coastal ecosystems help regulate population and ecosystem 
dynamics through consumption of prey (Estes, Crooks, & Holt, 2001).  Most  of  Maine’s  
island wildlife is also wide-ranging, has consistent habitat use patterns, and site fidelity 
(Rosenblatt et al., 2013). These characteristics make island wildlife capable of impacting not 
only top-down but also bottom-down processes (Hughes et al., 2013). Seabirds in Maine are 
of particular importance to the island habitat and are an essential component to coastal 
ecosystems. They hunt over a wide geographic range, feed from many different trophic 
levels, and have been used as effective indicators of coastal ecosystem health (Cairns, 1988). 
Seabirds also possess several traits that make them highly vulnerable to disturbances causing 
their conservation status to deteriorate faster than any other bird group (Welch, 2013). Their 
vulnerability and importance make them one of the most studied and intensely managed 
island wildlife groups.  

Seabirds 
Seabirds  have  relied  on  Maine’s  coastal  islands  as  sanctuaries  for  raising  their  chicks  for  
centuries (Butcher, 2008). Shortly after European settlement of the East Coast in the 17th 
century  seabirds  were  hunted  on  Maine’s  islands  at  alarming  rates.  Their  eggs  were used for 
food,  and  their  feathers  were  used  to  stuff  pillows,  mattresses  and  decorate  women’s  hats  
(Friedman, 1981). The islands of Maine that had once been so abundant with birds were now 
virtually desolate (Butcher, 1973). At the end of the 19th century, the American 
Ornithologists’  Union’s  Committee  on  Bird  Protection  began  recruiting  lighthouse  keepers  to  
help protect seabird colonies and ward off hunters. Shortly after this action, concern over the 
health of seabird populations became a public issue that led congress to pass the Migratory 
Bird Treaty Act in 1918 (Butcher, 2008). This Act makes it illegal to pursue, hunt, capture, 
kill or sell migratory birds without a special permit (MDIFW, 2014).  
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Currently  seabirds  nest  on  over  320  of  Maine’s  islands,  and  are  highly  concentrated  on  5-11 
of these islands. The islands provide important habitat for migrating and breeding seabirds 
(Gustavson, 2010).  The  rocky  ledges  and  cobble  shorelines  of  Maine’s  islands  support  dense  
breeding colonies of 15 different seabird species (USFWS, 2012).  These species spend up to 
90% of their lives at sea and are susceptible to habitat changes throughout their range but are 
particularly affected by the impacts on their local breeding habitats (Gustavson, 2010). 

Seabird restoration and management is one of the primary focuses for the U.S. Fish and 
Wildlife Service in Maine (USFWS, 2012). Over the past 25 years conservation agencies 
have worked to reverse the historical decline in seabird populations and as a result many 
populations have been restored to historic breeding islands and now occur in higher numbers 
than previously recorded (USFWS, 2012). However, as human populations, development 
pressure, and climate change increase seabirds are beginning to face many new challenges in 
Maine. In this chapter we use the Atlantic puffin (Fratercula arctica),  one  of  Maine’s  most  
iconic  seabirds,  as  an  indicator  species  for  Maine’s  island  wildlife.   

Atlantic Puffins 
Atlantic puffins (Fratercula arctica) breed from Maine, Canada, Greenland and Iceland 
across the Atlantic Ocean to northern Europe and Russia (MDIFW, 2003b). Maine marks the 
southern  edge  of  Atlantic  puffins’  breeding  range  and  is  thus  is  the  only  state  in  the  U.S.  that  
contains Atlantic puffin populations (MDIFW, 2003a). Although Atlantic puffins are one of 
the most abundant seabird species in the North Atlantic, less than one percent of the 
population lives in Maine and the species is listed by the state threatened (GOMSWG, 2013). 
A century ago Atlantic Puffins were almost entirely eliminated from Maine because of 
intense seabird hunting for their eggs and feathers. Prior to this, puffins were breeding on at 
least  six  of  Maine’s  islands  including  Eastern  Egg  Rock,  Western  Egg  Rock,  Large  Green  
Island, Matinicus Rock, Seal Island, and Machias Seal Island (Friedman, 1981).Today there 
are five Atlantic Puffin colonies and about 7,000 breeding pairs in Maine (Figure 4.2) 
(GOMSWG, 2013). About 90% of Maine’s  puffin  population  breed  on  three  Maine  Coastal  
Islands National Wildlife Refuges (MCINWR), with around 6,5000 breeding pairs solely 
living on Machias Seal Island (Welch, 2013).  

Atlantic Puffins are part of the alcidae family and are medium-sized, chunky yet strong birds 
(MDIFW, 2003a).  Around  late  April  puffins  start  arriving  on  Maine’s  islands  to  begin  
breeding. They return to the Atlantic Ocean in August where they spend up to 90% of their 
lives (MDIFW, 2003a). When present in Maine, they are covered in black and white feathers 
that contrast with their bright orange bill, legs and feet (Lowther, Diamond, Kress, 
Robertson, & Russell, 2002). Like all other puffins, Atlantic puffins usually return to the 
same breeding colony and lay a single egg in a burrow dug in the ground or within a rocky 
crevice (Lowther et al., 2002). Atlantic puffins are central place foragers, meaning that they 



State  of  Maine’s  Environment  2014 

167 
 

return to the colonies to feed their chicks during breeding season. This makes attendance at 
breeding colonies very variable, some days only a few puffins may be present while other 
days breeding islands are covered in puffins (Welch, 2013). While in Maine during the 
breeding months, Atlantic herring and white hake make up the majority of the puffins diets 
(Breton & Diamond, 2014). 

 

Figure 4.2 Atlantic puffin breeding islands in Maine (MDEP, 2014) 
 

Atlantic puffins feed their chicks until they are about nine days old, when they are able 
regulate their own body temperature and feed themselves (Barrett, 1984). Once the chicks are 
able to fly they are independent of their parents and will not return to land until four to five 
years later when they are mature enough to begin breeding and can live well into their 30s 
(Lowther et al., 2002). Puffins disperse across the ocean in the winter months and are rarely 
seen  once  they  leave  Maine’s  islands  at  the end of the summer. What Atlantic Puffins do 
during the winter months and where they go is still little understood (MDIFW, 2003a).  
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Current Conservation and Management 
The Migratory Bird Treaty Act of 1918 and its amendments provide regulatory authority for 
the federal protection and management of Atlantic puffins. Currently Atlantic puffins in 
Maine are managed jointly by the Maine Department of Inland Fisheries and Wildlife 
(MDIFW) and US Fish and Wildlife Service (USFWS). There are several conservation 
groups working alongside these departments, however the National Audubon Society (NAS) 
is the lead conservation agency working to protect Atlantic puffins in Maine (USFWS, 
2012). 

During the critical summer nesting months, a single human disturbance has the ability to 
eliminate all Atlantic puffin productivity for the season (USFWS, 2012). To prevent this 
from happening, the nesting islands are closed to the public during breeding season from 
April 1 to August 31 (NAS, 2013b). In the state of Maine, seabird nesting islands or habitats 
of endangered and threatened species may be designated as Significant Wildlife Habitat 
under the Natural Resources Protection Act of 1988. As a result of this law, all existing 
Atlantic puffin-nesting islands are in conservation ownership today by either the USFWS or 
the MDIFW and are extensively managed for seabird restoration(GOMCP, 2007). Four of the 
five nesting islands, Petit Manan Island, Matinicus Rock, Seal Island, and Machias Seal 
Island, are part of The Maine Coastal Islands National Wildlife Refuge (MCINWF). This 
wildlife refuge is part of the National Wildlife Refuge System, which designates certain 
protected areas within the United States and is managed by the USFWS (USFWS, 2013). The 
fifth nesting island, Eastern Egg Rock, is designated as the Allan D. Cruickshank Wildlife 
Sanctuary and is owned by the MDIFW yet managed by the National Audubon Society 
through a cooperative agreement (NAS, 2013b).  

The main management goal for these organizations in regards to Atlantic puffins is to 
maintain and increase the number of breeding pairs present in Maine. They monitor progress 
towards this goal through seabird surveys and censuses. The MDIFW and USFWS are 
challenged by inadequate funding and personnel, which prevents them from making 
significant management decisions without the help of outside conservation groups (MDIFW, 
2007).  

Project Puffin 
In 1901 almost all Atlantic puffins were eliminated from Maine except for one breeding pair 
on Matinicus Rock. Prompted by this dramatic decrease, a group of conservationists hired the 
lighthouse keeper on the island to keep hunters away (Salmansohn, 1997). This action 
combined with the passage of the Migratory Bird Treaty Act in 1918 allowed puffins to 
begin coming back to Matinicus Rock. The other four islands that were also nesting islands 
to puffins in Maine did not experience this success. Aimed at bringing Atlantic Puffins back 
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to the remaining historic nesting islands off the coast of Maine, in 1973, the NAS started 
Project Puffin (Friedman, 1981).  

The four remaining historic nesting islands in Maine (Eastern Egg Rock, Seal Island, Petit 
Manan and Machias Seal Island) had been taken over by gulls that prey on the eggs, chicks, 
and adult birds of species such as the Atlantic puffin.  While  many  of  Maine’s  islands  once  
again began to flourish with other birdlife after the passage of key conservation laws, puffins 
were unable to do so on any island except for Matinicus Rock because of the presence of 
predators (Salmansohn, 1997). This is where Project Puffin came in. The project began with 
attempting to restore Eastern Egg Rock where puffins had once nested until the last one was 
killed in 1885. Although it is not known how or why, puffins are known to return to the 
island where they hatched and this attribute is what was used as the basis of Project Puffin.  

In 1973, six puffin chicks, around 10 to 14 years old, were taken from Great Island in 
Newfoundland where more than 300,000 puffins lived (NAS, 2013c). They were then 
transplanted on the same day to Eastern Egg Rock where scientists who acted in place of 
their parent puffins reared them in artificial burrows and fed them a bounty of fish. Colored 
bands were placed on these chicks to allow them to be recognized in the future. Once August 
came around, the chicks began departing for their long journey at sea. Scientists hoped that in 
a few years once the chicks reached maturity they would return to Eastern Egg Island and a 
colony of Atlantic puffins would once again be established on this island. From 1973 to 1986 
a total of 954 puffin chicks were transported from Great Island to Eastern Egg Island and of 
these chicks 914 successfully fledged (Friedman, 1981).  

To ensure that this project had the highest possibility of success, the National Audubon 
Society enlisted the help of the USFWS to help prevent gulls from nesting on Easter Egg 
Rock as they present a threat to puffins if they were to come back to the island. Dozens of 
wooden puffin decoys were also painted to attract the puffins to the island (Salmansohn, 
1997). In 1977, four years after the project was started, the puffins began to return to Eastern 
Egg Island. The project was successful and the colony on Eastern Egg Island increased to 
101 pairs by 2008. The colony continues to increase today with around 7,000 nesting pairs 
present on five Maine islands (NAS, 2013c).  

Summer 2012 to the Future   
While Atlantic puffins have the advantage of living on islands that are protected from direct 
human impact during breeding seasons in Maine, they are far from safe from the Gulf of 
Maine’s  rapidly  changing  climate.  In  the  first  six  months  of  2012  sea  surface  temperatures  in  
the Gulf of Maine were the warmest ever recorded (Dawicki, 2012). This temperature change 
coincides with a lower nesting success of Atlantic puffins in the Gulf of Maine for the 2012 
and 2013 breeding seasons (NAS, 2013b).  
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Less than 1% of the total population of Atlantic puffins live in Maine; however these 
colonies play a vital role in demonstrating how climate change will affect island wildlife in 
Maine (MDIFW, 2003a). It is therefore crucial to determine the effects that climate change is 
having on Atlantic puffins in Maine and determine the best policy interventions necessary to 
ensure  the  continued  future  success  of  Maine’s  island  wildlife. 

In the summer of 2012 and 2013, two situations developed on Matinicus Rock (MR) and Seal 
Island (SI) off the coast of Maine. Both occurred in response to climate change in the Gulf of 
Maine (GOM). After 30 years of studying seabirds it became apparent to the USFWS that the 
marine environment of the GOM is changing fast and some ocean birds may be failing to 
adapt (NWF, 2013). The scenarios of the past two Atlantic puffin nesting seasons on MR and 
SI may be isolated incidents, however there is no doubt that they are glance into the future of 
seabird responses to climate change in the GOM. 

From late spring to the end of August Atlantic puffins nest on Maine islands where they rely 
heavily on Atlantic herring and white hake as a food source. White hake make up 
approximately 46% of Atlantic puffins diet on MR and SI, and herring make up 
approximately 18% of their diet (NAS, 2013b). The warmer waters of the Gulf of Maine 
have caused these fish species to begin moving to more suitable waters, making them less 
available to the Atlantic puffins during their nesting season (Dawicki, 2012). White hake and 
Atlantic herring have begun moving more northward into cooler and deeper waters (Nye, 
Link, Hare, & Overholtz, 2009). While these fish species, along with 24 other fish stocks 
found to be shifting their ranges are able to make these adjustments to find more suitable 
water temperatures, Atlantic puffins do not possess this ability. These seabirds have fixed 
limits as to how far they are able to go in search of food and are restricted to very specific 
and uncommon coastal habitats for nesting (NWF, 2013). The longer they have to fly in 
search of food, the more food that is needed for themselves and their young (NAS, 2013b). In 
the summer of 2012 the extreme water temperatures resulted in the earliest recorded 
phytoplankton bloom (Dawicki, 2012). This early bloom allowed butterfish to grow earlier 
and faster than usual. It also resulted in greatly reduced populations of Calanus finmarchicus, 
a type of nutritious zooplankton that is the primary food source for white hake and Atlantic 
herring (NAS, 2013b). In  response  to  this  decline  of  white  hake  and  herring,  Maine’s  
Atlantic puffin colonies began to bring back butterfish for their chicks. These abnormally 
large butterfish were too wide for the chicks to swallow. Piles of uneaten butterfish were 
found next to dead puffin chicks that had starved to death attempting to eat these fish 
(Canfield, 2013). On Seal Island Refuge 77% of puffin pairs typically fledge a chick 
however, due to the abnormally large butterfish and insufficient supply of white hake and 
herring in 2012, this rate when down to 31% (NAS, 2013b). 

In the summer of 2013, Atlantic puffin breeding success continued to decline but very few 
butterfish were seen being delivered to puffin chicks. It was found that on MR and SI there 
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were only two-thirds as many nests in 2013 as there were in 2012 (NAS, 2013b). The 
breeding pairs that laid eggs did so two weeks later than usual and many ended up 
abandoning their eggs. Surprisingly, only 10% of the breeding pairs on MR and SI 
successfully reared a chick and the chicks that did survive appeared to be growing very 
slowly. The disappointing events of the 2013 nesting season appeared to be a result of 
insufficient food. The 2013 spring algae bloom did not occur earlier like it had the previous 
summer, but had rather been much weaker than usual. This weak algae bloom resulted once 
again in a diminished supply of the zooplankton that white hake and herring feed (Hyde, 
2013). The remaining third of Atlantic puffins that were absent from MR and SI during the 
2013 nesting season were hypothesized to have taken the summer off from breeding due to 
poor conditions. These poor conditions included the harsh 2012-2013 winter as well as 
insufficient food supplies (NAS, 2013b).  

By looking at what happened to the Atlantic puffin populations in Maine during the 2012 and 
2013 breeding season, it is clear the effects of climate change are already being felt. It is 
important to note that the species overall is doing quite well because 99% of the population 
lives  outside  of  Maine.  The  one  percent  of  the  population  that  rely  on  Maine’s  islands  as  
breeding sites, however, are becoming increasingly threatened. The Atlantic puffins of 
Maine’s  islands  are  an  indicator  for  the  state  of  island  wildlife  in  Maine.  As  the  climate  
continues  to  change  Maine’s  island  wildlife  will  be  faced  with  many  more  challenges  
including prey migration and habitat destruction. The ability of  Maine’s  island  wildlife  to  
cope with these changes will rely on chance factors such as what new species will replace 
their old prey and how island habitats are altered.  

Intertidal Wildlife 
The  intertidal  zone  that  stretches  along  Maine’s  coast  is  comprised of numerous rocky 
shores, sandy beaches, mud flats, and salt marshes which combine to form 145,069 acres of 
prime wildlife habitat (Bigelow, 1999).  Maine  is  often  referred  to  as  “the  rock  bound  coast”  
and its rocky shores contain some of the highest species diversity of any coastal habitat 
(MCP, 2014a). Rocks provide secure places for invertebrate and algal species to attach 
themselves while simultaneously providing suitable hiding and living space for fish and other 
wildlife species (MCP, 2014a).  The  state’s  70  miles  of  sandy  beaches  are  challenging places 
for plants and animals to inhabit, but they still manage to support some unique and rare 
wildlife. Mudflats have historically supported immense populations of shellfish, marine 
worms, and countless other invertebrates, most of which hold important ecological or 
commercial value (MCP, 2014a). Grass dominated salt marshes, which are found adjacent to 
mudflats, are considered ecological powerhouses and their high productivity supports 
abundant populations of fauna like fish, shellfish, and water birds (Stevenson et al., 2014). 
All these different components together make the intertidal zone a complex web of species 
interactions. 
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Maine’s  intertidal  zone  and  the  coastal  waters  associated  with  it  have  been  seriously  
impacted by a steady increase in temperature over the last 40 years (Nye et al., 2010)  . Based 
on this observation we chose an indicator species for the intertidal zone whose abundance 
and impact on commercial and non-commercial species is affected by the physical condition 
of water temperature. Invasive green crabs, Carcinus maenas, were first introduced to Maine 
in the  early  1900’s  and  will  serve  as  our  indicator  species.  In  the  Northern  part  of  its  range,  
Carcinus maenas is among the most responsive of common marine animals to temperature 
change. The species may therefore be a useful indicator of changes in the environment which 
affect associated animals in both direct and indirect ways (Welch, 1968). 

Green Crabs 
Green crabs are the most widely distributed intertidal crabs in the world and are classified by 
the International Union for the Conservation  of  Nature  (IUCN)  as  one  of  the  world’s  100  
worst invaders (Liegnel et al., 2014). They are native to Europe and northern Africa, but 
were introduced to the east  coast  of  North  America  in  the  early  1800’s  via  the  ballast  of  
ships.  It  wasn’t  until  1998  that  The  Federal  Aquatic  Nuisance  Species  Task  Force  (ANSTF)  
formally recognized the species as an aquatic nuisance species, however, their impact was 
felt along the eastern coast of the United States long before that (ANS, 2014). With virtually 
no commercial value, the major interest surrounding the species in the United States lies in 
its role as a predator (Welch, 1968). 

Post larval and adult green crabs are abundant in the intertidal and subtidal zones and can be 
found in water as deep as 60 meters. They are able to colonize a broad range of habitats 
which include soft bottom, salt marshes, woody debris, rocky substrate, and seagrasses 
(Liegnel et al., 2014). Green crabs are a major predator of shellfish from newly settled 
juveniles to adults (Congleton et al., 2006). Green crabs prefer bivalves, but are 
chemosensory foragers and adults can consume at least 104 distinct families of marine 
organisms included in 14 animal phyla (Liegnel et al., 2014). They can survive starvation for 
up to 3 months and can survive being out of water at room temperature for over a week 
(Liegnel et al., 2014). Additionally, green crabs produce roughly 165,000 offspring per 
mating event and can have multiple mating events per year (Beal, 2014) Winter water 
temperature appears to be the primary natural control regulating green crab populations 
(Beukema, 1991). For the remainder of this section we discuss how water temperature and 
changing green crab populations have impacted one commercial and one non-commercial 
species  found  in  Maine’s  intertidal  zone.  The  soft-shell clam, Mya arenaria, is the 
commercial species case study and eelgrass, Zostera marina, is the non-commercial species 
case study. We examine the impacts of crabs on these species over time and across 
geographic ranges. 
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Early descriptions detailing the destructive capabilities of green crabs, especially on native 
species and habitats, comes from numerous reports produced throughout New England in the 
1950’s  and  1960’s.  Green  crabs  were  originally  introduced  to  the  mid-Atlantic around 1817, 
but populations quickly spread north and hit Atlantic Canada by 1951 (Kanary et al., 2014)  . 
In 1951 Franklyn E. Goucher, the soft-shell clam commissioner of Essex, Massachusetts, 
wrote  a  short  piece  titled  “The  Commentary  of  a  Clam  Digger”  in  which  he  described  in  
detail his observations from 23 years of digging clams (Glude, 1955). Goucher stated that 
green crabs were present in Essex in the  early  1900’s,  but  the  town  did  not  consider  them  a  
problem  until  after  a  series  of  mild  winters  in  the  late  1920’s  and  early  1930’s.  Clams  and  
eelgrass all but disappeared from Essex due to green crab predation and did not return until 
after a severe winter in 1934. From 1934 to 1944 Goucher seldom saw more than two crabs 
per year and resources like clams and eelgrass began to recover. The period of relief from 
green  crabs  was  brief  and  temperatures  began  to  rise  again  in  the  late  1940’s.  Goucher  
concluded his piece stating that it appeared as if history was repeating itself (Goucher, 1951). 
The increase in sea surface temperature as recorded by DMR around the time Goucher was 
writing was unprecedented (Figure 4.3). The clam industry in Maine peaked in 1946 with 
almost 10,000,000 meat pounds landed and by 1959 a record low of 1,450,600 meat pounds 
of clams were landed (DMR, 2013a). The unusually mild temperatures allowed green crabs 
to proliferate all across New England having devastating impacts on native resources. 

In Maine biologists at the Maine Department of Sea and Shore Fisheries, what is now DMR, 
began  to  take  notice  of  Franklyn  Goucher’s  account.  They  also  paid  close  attention  to  what  
was  happening  to  Massachusetts’  clam  landings as well as their own. Commercial landings in 
Mass fell from 8,598,100 pounds in 1940 to 625,000 pounds in 1948 (Glude, 1955). Green 
crabs were indeed looking like the most destructive clam predators and their ability to eat 
more than 15 clams per day and exceed densities of over 24,700 per hectare was having 
devastating impacts on landings (Newell & Hidu, 1986). In 1947 the average annual sea 
surface temperature in Boothbay, Maine was 9.2°C, which was the highest it had been in 
over 15 years (DMR, 2013c). In 1948 the US Fish and Wildlife Service (FWS) was 
authorized by congress to determine the reasons for the decline in the soft shell clam 
resource. Scientific records and interviews with fisherman indicated a northeastward spread 
of  green  crabs  through  the  1940’s  and  1950’s  which  was  directly  accompanied  by  a  decrease  
in clam production. They concluded that the correlation between green crab abundance and 
clam scarcity was enough to accept predation as the primary cause of the decline (Glude, 
1955). 

Further research followed the work done by the US Fish and Wildlife Service (FWS) and 
resulted in a report produced by fishery biologist Walter Welch. From 1953-1967 crab 
populations were sampled using a standardized trapping method in order to detect major 
changes in crab populations. Welch and his team concluded that mass mortalities of crabs 
were observed after severe winters and that wide spread increases and decreases in 
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abundance are directly associated with long-term warming and cooling trends (Welch, 1968). 
The cooling trend, which occurred during the mid-late  1960’s  saved  the  clam  industry  for  a  
short  time  and  allowed  landings  to  bounce  back  significantly  in  the  1970’s.  As the resource 
started to rebound many forgot how destructive the crabs could be. People like Dana 
Wallace,  who  worked  at  DMR  in  the  1960’s,  helped  develop  effective  fencing  strategies  that  
would allow towns to better protect their clams from the crabs. There was even a bill passed 
allowing DMR to help towns financially in fence building. A few towns took advantage, but 
when the resource started to come back the fences were all but forgotten. Wallace warned 
that a warming trend would likely force the state to face a serious crab problem again and 
that clam flats in any town management program should be under scrutiny at all times 
(Wallace, 2000). Today, evidence is beginning to suggest that the growing green crab 
population  is  larger  than  what  it  was  in  the  1950’s  (Darcie  Couture,  pers.  comm.,  2014). 

 

Figure 4.3  Soft-shell clam landings in thousands of meat pounds in Maine and 
average sea surface temperature in the Gulf of Maine from 1925 to 2012 (MDMR, 
2014) 
 

Not only are soft-shell clam populations currently hovering at very low levels, eelgrass beds 
have also experienced significant declines in recent years (Hilary Neckles, personal comm., 
2014). The functions eelgrass provides are important for maintaining healthy coastal 
ecosystems which explains why it is protected under the Clean Water Act (Davis, Short, & 
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Burdick, 1998). Maquoit Bay in Brunswick Maine, which contained 567 hectares of eelgrass 
in 2001, was reduced to 96 hectares in 2013. This 83% decrease in eelgrass was attributed to 
green crab activity (Neckles, 2014).  Maquoit  Bay’s  intertidal  mudflats  and  eelgrass  beds  
traditionally supported rare animals, fish, invertebrates, water fowl, wading birds, and other 
wildlife including commercially valuable species (MCP, 2014b). Today, it is rare to see a 
lobster trap in Maquoit even though it was not long ago that it used to be a rich fishing 
ground. Loss of eelgrass beds due to green crab foraging is significant because eelgrass beds 
play such an important ecological role in the intertidal zone. Seagrasses enhance nutrient 
cycling, water quality, and sediment dynamics while also providing food and refuge for 
many commercial species (Seitz et al., 2013)  . Eelgrass, is also one of the most productive 
plant communities in the world and serves as a valuable carbon sink. The productivity of 
eelgrasses is exported directly through waves and currents to fuel offshore habitats and food 
webs (Hilary Neckles, personal comm., 2014).  

Current Management and Conservation  
Sea surface temperatures, which peaked in 2006 with an annual average of 12.5°C, have 
remained consistently high in recent years. From 2002 to 2012 the average annual 
temperature was 10.4°C,  0.7  degrees  higher  than  what  it  was  in  the  1950’s  when  the  last  time  
thorough documentation acknowledged a green crab population explosion (DMR, 2013c). 
Green crab populations have once again exploded along the coast of Maine and current 
management strategies have been struggling to adapt. Conversations about green crabs in 
Maine were initiated by Freeport clam digger and president of the Maine Clammers 
Association, Chad Coffin, who has taken time away from his profession in recent years to 
focus on research. Coffin was acknowledged by DMR for his efforts to raise awareness after 
a state wide trapping survey in 2013 concluded that green crabs were present in every 
location sampled along the coast (DMR, 2013b). Outcry from fisherman like Coffin caused 
DMR and the Maine Sea Grant to organize a green crab summit in 2013, which brought 
together stakeholders from all over North America. The summit was useful in raising 
awareness about the issue, but at this point it does not appear that any major policy changes 
have been made as a result. In order to see an example of a successful ongoing management 
strategy that deals with green crabs we must look north to Nova Scotia. We must also look 
within the state of Maine at the towns of Freeport and Brunswick where historic research on 
green crabs has been taking place thanks to collaboration between fisherman and scientists.  

Efforts to address the green crab problem have been ongoing in Kejimkujik National Park 
since 2008. Studies showed the green crab to be an ecosystem engineer, having significant 
impacts on local populations of soft-shell clams, blue mussels, and eelgrass (Canada, 2012). 
In 2007 eelgrass was down to 1.3% of its 1987 size. Soft shell clam populations had also 
declined dramatically. Small clams used to outnumber large clams by 10,000 to one, but in 
2007 it was discovered that there were more big clams than small clams. Water quality had 
also suffered and no lobsters or eels were using the estuary anymore (Moase, 2013). A 
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project was thus decided on in 2010, which had two components, cull green crabs and replant 
eelgrass. Since 2010, close to one million crabs have been removed from Little Port Joli 
Estuary and were either sold or composted. More effective fishing techniques have also been 
developed over time, causing the average catch per unit effort in Basin Lake to decrease by 
over 85% since the start of the project. In just two years, through targeted trapping and 
eelgrass transplant, eelgrass is back up to 20% of its 1987 size (Canada, 2012). In 
neighboring areas, where trapping has not occurred, eelgrass and other native resources 
remain absent (Moase, 2013). The work being done in Kejimkujik will hopefully encourage 
resource managers in the state of Maine to adopt similar techniques. 

Efforts to address the green crab problem in Maine recently got underway. Research 
conducted in the town of Freeport in 2013 was municipally funded and its groundbreaking 
results led to a larger privately funded project, which began in 2014. A project in the 
neighboring town of Brunswick followed the work done in Freeport and also began in 2014. 
Unlike what is being done in Kejimkujik National Park, research in the two southern Maine 
towns of Freeport and Brunswick has focused more on collecting data and assessing green 
crabs impacts rather than on simply culling green crabs. The primary scientists conducting 
the research in these towns have been Dr. Brian Beal from Jonesport, Maine and Darcie 
Couture from Brunswick, Maine. 

Brian Beal is the Director of Research at the Downeast Institute for Applied Marine Research 
(DEI) and he splits his time between teaching marine ecology at the University of Maine at 
Machias and conducting research. He obtained his Ph.D. in marine bio-resources from the 
University of Maine, Orono and is well known throughout the eastern U.S. and Canada for 
his work with soft-shell clams (Institute, 2014b). In 2013 Beal and his colleagues, including 
Darcie  Couture  and  15  commercial  clam  diggers,  used  Freeport’s  approved  town  funding  to  
begin  a  “Shellfish  Restoration  Project”  with  the overarching goal being to understand how 
trapping, fencing, and netting might reduce green crab predation and therefore increase clam 
survival. In January of 2014 Beal produced a 72 page report describing the results of the 
field-based study in depth (Beal, 2013). The study did not result in further municipal funding 
in Freeport, however, it did provide the groundwork necessary to pursue more substantial 
private funding. With lessons learned about the need for routine monitoring, maintenance of 
field plots, and the hiring of skilled labor, Dr. Beal and the DEI devised a six-pronged project 
to further investigate green crabs in Freeport. In 2014 the project received a total of $567,767 
in grant funding from three different sources; the Maine Economic Improvement Fund, the 
National Marine Fisheries Service, and Sea Pact (Institute, 2014a). Beal has not yet published 
his findings from 2014 because of the vast quantity of data; however, we were able to glean 
some valuable information about his work after a thorough phone interview with him. We 
summarize the conversation below. 
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Born and raised in Downeast Maine, Beal has spent much of his life in and around the 
intertidal zone. He has noticed many changes over the years, but the one that stands out to 
him most involves soft shell clams. In the past 30 years Beal has noticed a gradual decline in 
clam seed from the mid and low intertidal areas. All along the coast Beal has observed that 
green crabs eat their way through the resource starting at the edge of the channels and 
moving  towards  the  high  water  mark.  Beal’s  understanding  of  green  crab  habits  and  his  close  
connection with clam harvesters themselves have spurred his research in recent years. Two of 
the most important initial findings Beal shared with us from the summer of 2014 had to do 
with the trapping and protective netting sections of the Freeport project. From the trapping 
section, Beal discovered that a few of the green crabs caught and sent to a lab for gut content 
analysis had been eating lobster. From the netting section of the experiment, Beal and his 
team collected 1,882 coffee can sized cores of mud from inside and outside of netted areas. 
In just one of the protected cores of mud Beal counted over a thousand wild baby clams and 
in an unprotected core taken just a few feet away from the protected one, only two clams 
were  counted.  This  is  a  concerning  discovery  because  since  the  1960’s  many  municipal  
shellfish programs have given conservation points to harvesters for spreading unprotected 
clam seed on their mud flats. Beal relies on outside funding to conduct his research, but he 
hopes that money from soft shell license fees will someday go to research so that the industry 
can be better protected and managed (Brian Beal, personal comm). 

Darcie Couture began green crab research in Freeport in 2013 alongside Dr. Beal. Couture 
founded the LLC Resource Access International (RAI) after working for the DMR and has 
committed herself and her company to promoting sustainability in the seafood industry (RAI, 
2014b). RAI worked closely with Beal and the Freeport community, but recently received 
grant funding to begin a project in the neighboring town of Brunswick. RAI received funding 
from the Maine Coastal Program, the Casco Bay Estuary Partnership, and the New Meadows 
Watershed  Partnership.  The  new  project  is  titled  “Fighting  for  our  Coastal  Habitat:  A  
Community Project to Remove Invasive European Green Crabs from Two Coves in 
Brunswick, Maine.”  Couture’s  work  in  Brunswick,  which  began  in  the  summer  of  2014,  
involves the trapping of green crabs and has allowed for partnership with the municipal 
government, private sector scientists, commercial shellfish harvesters, and local students 
(RAI, 2014a). Couture has not published her data from the summer of 2014, but we 
conducted a phone interview with her as well to discuss some of her findings, which we 
outline below. 

The major point Couture made about her research is that she and her colleagues have been 
seeing green crab numbers in excess of what was cited in the 1968 Welch paper. In Freeport, 
Couture did not see a drop in green crab numbers from late May to early November of 2013 
and a total of 13,000 pounds of green crabs were landed during this time. The following 
winter of 2013-2014  was  considered  an  abnormally  cold  one  and  yet  when  Couture’s  new  
team began trapping in Brunswick, green crab numbers were still considerably high. 



State  of  Maine’s  Environment  2014 
 

178 
 

Trapping occurred off of Snow Island in Brunswick and 100 traps were hauled twice per 
week in 20-50 feet of water. From mid June through November Couture stated that they 
consistently landed over 2,000 pounds per month without a drop in catch. It is important to 
note that trapping stopped voluntarily in November and was not influenced by a decrease in 
numbers. Couture will continue her work in Brunswick in the hopes that it will lead to a 
better understanding about the impacts green crabs have in Maine (Darcie Couture, pers. 
comm., 2014). 

Commentary of a Clam Digger 2.0 
The story that needs to be told most is not available in a book or a peer reviewed journal, it is 
the story of the people who have seen firsthand the resource they depend on most disappear. 
Scientists  struggling  with  the  green  crab  invasion  in  the  1950’s  and  1960’s  relied  heavily  on  
the observations of experienced fisherman like Franklin Goucher (Welch, 1968)  .  The 
opportunity to learn from fisherman still remains today, which is why we interviewed two 
commercial clammers who have a combined 64 years of experience between them.  

In 1951 Franklin Goucher had been digging clams in Essex Massachusetts  for  23  years…It  is  
currently 2014 and Chad Coffin has been digging clams in Freeport Maine for 24 years. 
Coffin and fellow Freeport clammer Clint Goodenow, who has been digging clams for 40 
years, have noticed changes in the intertidal zone caused by green crabs which are nearly 
identical to the changes observed by Goucher over 60 years ago. These changes have 
seriously impacted the livelihoods of Maine clammers, which is why Coffin and Goodenow 
have dedicated countless hours in recent years to raising awareness about green crabs and the 
impacts they have on native resources. According to both Coffin and Goodenow, it was only 
about three years ago that they started to understand how much green crabs have been 
responsible for the changes they have been seeing over time. Working with scientists like Dr. 
Beal  and  picking  up  terms  like  “trophic  cascade”  and  “shifting  baseline  syndrome”  have  
helped them better articulate and understand what has happened. 

When Coffin first started digging clams he remembers how much he enjoyed digging around 
the  islands.  There  were  huge  clams  out  there  and  it  didn’t  take  nearly  as  many  to  make  a  
bushel,  or  50  pounds  worth.  By  the  mid  to  late  1990’s  all  the  clams  around  the  islands,  even  
the big ones, had disappeared. Coffin has since learned that larger green crabs retreat to the 
deeper water in the winter where they are not killed by the ice that forms in the intertidal 
areas. This means that when the green crabs wake up in the spring they eat the resources that 
are closest to them. After consuming everything around the islands, green crabs moved into 
the estuaries. The upper estuaries are the farthest away from the deep water and are therefore 
the last places with any substantial soft clam populations today. According to coffin, the 
length and severity of a given winter determines how far into the estuaries green crabs will 
go. Mild winters allow green crabs to wake up earlier, travel farther, and consume more. 
Often blamed on over harvest, Coffin and others also blame green crabs for the loss of the 
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wild blue mussel resource in Maine. The last of the hundreds of acres of intertidal mussels 
disappeared  from  Freeport  between  2000  and  2005  and  all  that’s  left  today  are  long  stretches  
of empty shells piled on the mud flats. Mussels disappeared in the same fashion as the clams, 
with the outside areas disappearing first and the upper intertidal areas disappearing last. The 
most recent observation made by Coffin and Goodenow is about the loss of eelgrass. Subtidal 
eelgrass beds in Freeport disappeared first and in most recent years, the intertidal eelgrass has 
been  decimated  as  well.  Freeport’s  coastal  ecosystem  has  been  tipped  by  green  crabs  and  
there is a fear that it will not return to its pristine state (Coffin & Clint, personal comm., 
2014). 

State of Offshore Wildlife 
The offshore habitat provides an important linkage between the three marine habitats in 
Maine. In addition to serving as the primary home to many species, the offshore habitat is 
also a crucial nursery habitat. Fish, mammals, algae, crustaceans, and mollusks all spend time 
in the offshore zone during their lifecycle (GOMCME, 2010). To better understand offshore 
wildlife in Maine, we choose one species to analyze in depth. We chose Atlantic herring 
(Clupea harengus) to be the indicator species, because they are a keystone species whose 
health impacts the entire marine ecosystem.   

Herring 
Atlantic herring are small fish that occupy the waters from Labrador, Canada to North 
Carolina. They occur in large schools and primarily feed on plankton. As adults, they range 
in size from about 10-15 inches in length (ASMFC, 2014b). Herring spawn from August to 
November depending on location and water temperatures, with many of their key spawning 
grounds in the Gulf of Maine (ASMFC, 2014b). The eggs herring produce during spawning 
are not protected or buried, leaving them susceptible to prey (Richardson, Hare, Fogarty, & 
Link, 2011).  Many  of  the  herring’s  major  spawning  grounds  are  in  the  Gulf  of  Maine and 
George’s  Bank  before  they  migrate  south  for  the  winter  (ASMFC, 2014b). 

Herring  comprise  70%  of  the  bait  used  in  Maine’s  iconic  lobster  industry  (Grabowski et al., 
2010). When a herring shortage occurs, lobster fishermen and woman must use outsourced 
frozen bait from across the US and the world. This outsourcing of bait is much more 
expensive and drives up operating costs for lobstermen (Mesko, pers. comm., 2014) . Herring 
are also a source of food for many other Maine species including seabirds and tuna 
(Sherwood, pers. comm., 2014). Thus the health of the Atlantic herring population has a 
direct effect on the offshore habitat, leading to herring being regarded as a keystone fishery 
and species in Maine.  
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The herring industry also employs a large number of people. From fishermen to processors 
and transportation specialists multiple groups of people depend on herring for their 
livelihoods (pers. com., 2014).  

The herring fishery began in the 19th century primarily as a result of the canning industry 
(ASMFC, 2014a). The canning industry began in 1875 with one cannery, but by 1908, 33 
canneries existed in Maine (Penobscot Marine Museum, 2012). Sardines were caught, 
canned, and distributed to grocery stores throughout the US. Around the same time, the 
lobster industry began to develop. This created a market for herring as bait for lobster 
(Mesko, pers. comm., 2014). Herring were then fished fairly sustainably until improvements 
in technology in the middle of the 20th century (Atlantic States Marine Fisheries 
Commission, 2014a; Maine Department of Marine Resources, 2014). The increase in 
technology led to periods of excess harvest followed by a collapse in the 1980s (Penobscot 
Marine Museum, 2012). As management improved stock levels slowly began to return 
throughout the 1990s up to today (ASMFC, 2014a). 

Harvesting Methods 
Herring are commercially harvested using three primary methods. These methods are: 

(1) Trawls (bottom and mid-water): a large mesh net is towed behind a boat designed to 
capture and contain the targeted fish species (NOAA Fisheries, 2014a).While extremely 
popular, this method is also controversial, because it disrupts and separates the school of 
herring (Sherwood, pers. comm., 2014) 

(2) Purse Seines: After locating a school of fish, a small boat circles and employs the purse 
seine in a circle. The seine has floats on the top and a string of lead weights on the bottom. 
Then the line of lead weights is pulled in closing the next at the bottom and preventing any 
fish from escaping (NOAA Fisheries, 2014a). 

(3) Weirs: are physically built structures, often in shallower waters, that guide schools of 
herring into a circular shaped fenced off area. Once inside, the herring swim in circles and 
cannot escape (GMRI, 2014). Since most of the herring fishery has moved offshore, weirs 
are not effectively used in Maine to capture herring. The collapse of the weir fishery 
coincided with the collapse in the canning industry (Sherwood, pers. comm., 2014). 

In 2010, the most common method for harvesting herring in Maine and across the U.S. were 
trawls followed by purse seines (NOAA Fisheries, 2014a). 

Current Management and Conservation  
Herring currently are managed as one stock from Maine all the way down to North Carolina 
(NEFMC, 1999). Herring are managed by two groups: the Atlantic State Marine Fisheries 
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Commission (ASMFC) and the New England Fisheries Management Council (NEFMC). The 
ASMFC governs state waters (zero to three nautical miles from shore) while the NEFMC 
governs the federal waters (three to two-hundred nautical miles from shore) as mandated by 
the Magnuson-Stevens Act (NEFMC, 1999). Management practices between these two 
groups can differ. For example, the ASMFC plan includes spawning closures and 
occasionally daily catch limits, while the NEFMC prohibits mid water trawling in federal 
waters from June 1st to September 30th (ASMFC, 2014a). In addition, the Magnuson Stevens 
Act requires the NEFMC to create a management plan for herring. This plan was created in 
June of 1988 and finalized in March of 1999 by the NEFMC in consultation with the 
ASMFC (NEFMC, 1999). 

The  plan  has  three  specific  goals.  First,  “to  achieve,  on  a  continuing  basis,  optimum  yield  
(OY) for the United States fishing industry and to prevent overfishing of the Atlantic sea 
herring  resource”  (NEFMC, 1999).  Optimum  yield  is  defined  in  the  report  as,  “the  amount  of  
fish that will provide the greatest overall benefit to the Nation, particularly in respect to food 
production and recreation opportunities, taking into account the protection of marine 
ecosystems…”  (NEFMC, 1999). Second, the plan seeks to create a stable development of the 
inshore  and  offshore  fishery.  Finally,  it  aims  at  providing  fishermen  with  “orderly  
opportunities”  (NEFMC, 1999). These goals, although set over a decade ago, still hold true 
today. 

 

Figure 4.4 Map of herring management areas in New England (NOAA, 2014) 
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After establishing these goals, the FMP also divided the single stock into four management 
areas. The first region is the Gulf of Maine, which is then broken down into two management 
areas (Figure 4.4). Management area 1A is the inshore while 1B is the offshore. Next, 
management area 2, the south coastal area, includes state and federal waters from 
Massachusetts, Delaware, Rhode Island, Connecticut, Delaware, New York, New Jersey, 
Maryland,  Virginia,  and  North  Carolina.  Finally,  management  area  3  is  simply  George’s  
Bank (NEFMC, 1999). Each management area has total allowable catch levels (TACs) 
(NEFMC, 1999). These TACs cannot exceed the optimum yield and are determined on an 
annual basis from January to December (NEFMC, 1999). These TACs are determined by 
several different factors and account for the seasonal migration of herring throughout the 
three zones (NEFMC, 2010) 

Changes to the Magnuson-Stevens Act in 2006 required updating the Fisheries Management 
Plan for herring by 2011 (NEFMC, 2010). These updates required the whole stock of herring 
to be managed based on allowable catch levels (ACL). These ACLs are set based on 
acceptable biological catch (ABC) (NEFMC, 2010). Unlike TACs, which are solely based on 
previous catch data, ACLs include room for uncertainty (NEFMC, 2010). For the 2013-2015 
seasons the ASMFC set the ACL for all four zones at 237.7 million pounds. The herring 
fishery will close each year (ASMFC, 2014a) when 92% of the quota for the particular 
season has been harvested. Then after the final landings data for the year has been published, 
up to 10% of the unused quota for the year can spill over into the following year (ASMFC, 
2014a). Lastly, optimum yields are still determined for herring but they must be lower than 
the ABC (NEFMC, 2010). 

In addition, NGOs are helping improve management. The Gulf of Maine Research Institute 
(GMRI) is currently conducting research on the status of the inshore herring fishery in 
Maine. The study places an echosounder, computer, and monitor on ten lobster boats in 
Maine (GMRI, 2012, Sherwood, pers. comm., 2014). The echosounder is placed underneath 
the lobster boat and uses frequencies to generate an image on the ocean floor. Further, the 
echosounder can identify certain fish species based on the eco signature they generate 
(GMRI, 2012). Through this research, GMRI hopes to better understand herring populations 
and spawning patterns and use their findings to assist policy makers (Sherwood, 2014) . 
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Figure 4.5 Historic landing and price data for Atlantic herring in Maine (MDMR, 
2014). 
 

Based on the most recent benchmark stock assessment, both the ASMFC and NOAA state 
that herring are not being overharvested in the Gulf of Maine (ASMFC, 2014a; NOAA 
Fisheries, 2014a). Although some lobstermen have experienced shortages in herring bait, 
most have had an ample supply (Mesko, pers. comm., 2014) . In addition, the landings data 
from DMR in Figure 4.5 shows an increase in the landings of herring since 2010 (DMR, 
2014). Scientists, particularly those with a keen interest in the state of the ecosystem, such as 
the Gulf of Maine Research Institute, also believe that herring are in a relatively stable state, 
but must continue to be strictly managed and monitored (Sherwood, pers. comm., 2014) .  

If  herring  populations  declined  again  in  the  future,  Maine’s  lobster  industry  will  be  
significantly affected (Mesko, pers. comm., 2014). Lobstermen will be forced to rely on 
foreign sources of bait, thus driving up their production costs (Mesko, pers. comm., 2014). In 
addition, using lobster as bait has helped increase the size of lobster (Grabowski et al., 2010). 
Juvenile lobster, who are thrown back into the ocean, or lobster who escape from the traps 
benefit from eating the herring bait (Grabowski et al., 2010).  Therefore the use of alternative 
sources of bait will also affect the overall health of lobsters. Other species, such as haddock 
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who prey on herring eggs, will also be affected by decreasing herring populations 
(Richardson et al., 2011). 

Finally, climate change is a direct threat to herring populations. As temperatures warm, 
herring will be forced to relocate into new areas in the north. While there currently appears to 
be large amounts of suitable habitat for herring, herring larvae are at risk from increasing 
water temperatures. In addition, warming water temperatures have also been associated with 
declines in the size of herring, although it is not clear how these declines will affect herring 
as a whole (Petitgas et al., 2013). Since herring are a keystone species in Maine any declines 
they experience will also affect multiple coastal and island wildlife species. These linkages 
showcase  how  variable  and  susceptible  Maine’s  habitats  are  to  major  threats  such  as  coastal  
development, economic growth, and climate both today and in the future.   

Deep-Water Wildlife 
Maine’s  deep-water habitats comprise at least 20 species of marine mammals and turtles, 
approximately 40 commonly encountered saltwater fish, and countless populations of 
microorganisms like plankton (DMR, 2010; Summers et al., 2010). Each of these populations 
depends on deeper waters for some combination of migration, feeding, and breeding. These 
populations also hold unique and critical roles in maintaining the culture, economy, and daily 
livelihoods of many coastal Maine residents, along with contributing to the rich biodiversity 
upon which life cycles within the Atlantic ocean depend (Noonan & Zagata, 1982).  

In this section, we examine the historical significance, population trends, major threats, and 
current management plans of two deep-water species: the North Atlantic right whale 
(Eubalaena glacialis) and the Western North Atlantic stock of the harbor seal (Phoca 
vitulina). We chose to use these as indicator species of the status of other deep-water wildlife 
because of their rich histories of exploitation paired with the risks they face today. We 
understand that the status  of  Maine’s  deep-water wildlife cannot be sufficiently assessed 
using these species alone; however, their stories can serve as important indications of the 
economic importance, threats, and management efforts surrounding other deep-water 
animals.  

Right Whales and Harbor Seals  
While right whales and harbor seals share similar historical narratives of exploitation, their 
fates unfortunately diverged in the 20th century after the Federal Marine Mammal Protection 
Act (MMPA) outlawed the hunting of both species (16 USC § 1361-1423). Harbor seals 
rebounded relatively quickly, and as of April, 2014, their stock was estimated to be 70,142 in 
the Eastern Canadian Arctic and Greenland south to southern New England and New York 
(NMFS, 2014a). Conversely, right whale numbers continued to plummet and today the 
species is deemed one of the most critically endangered large whales in the world, fighting 

https://www.animallaw.info/statutes/stusfdmmpatitle1.htm#s1361
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against extinction with what NOAA and other experts report to be fewer than 500 of them 
alive today between Canada and Florida (Firestone, 2014a, 2014b; NMFS, 2013, 2014a, 
2014b). However, the biggest threats facing the right whale remain very similar to those of 
the harbor seal and other deep-water animals but are on different scales of intensity.  

Along  with  other  marine  mammals  in  Maine’s  deeper  waters,  right  whales  and  harbor  seals  
are vulnerable to pollution, climate change, noise, ship strikes, and, most troublingly, 
entanglement  from  fishing  gear.  The  ‘industrial  obstacle  course’  that  exists  along  Maine’s  
coast, and extends along the entire east coasts of Canada and the US, has become a concern 
to scientists, conservation groups, and fishing industries alike (Schweitzer, 2014).  

NOAA’s  most  recent  stock  assessment  reports  published  in  April  of  2014,  using  data  
collected for the period 2007-2011, declared that the minimum rate of annual human-caused 
mortality and serious injury for harbor seals was 409 and for right whales was 4.05 (NMFS, 
2013). These numbers become relevant when compared to the potential biological removal 
(PBR)—defined as the number of species that can be removed from a population without 
causing it harm—for each species. While the PBR of harbor seals is 1,662 individuals per 
year, the PBR of right whales is 0.9 individuals per year (NMFS, 2013, 2014a, 2014b). These 
numbers not only illustrate the severity of  human  activity’s  effects  on  population  trends  but  
also demonstrate the variety of dimensions that need to be recognized when dealing with 
open-water species. While some species are abundant enough to withstand such pressure 
from human activity, others require more intervention to reduce mortality pressure. 

Harbor Seals 
Harbor  seals  are  known  as  one  of  Maine’s  most  abundant  and  widely  distributed  marine  
mammals. These generally non-migratory animals inhabit temperate coastal habitats on the 
east and west coasts of the US (Gilbert, Waring, Wynne, & Guldager, 2006; NMFS, 2014a). 
They are year-round inhabitants of the coastal waters of Maine and eastern Canada and live 
seasonally along the New England, New York, and New Jersey coastline between September 
and May (Gilbert et al., 2006; NMFS, 2014a). They grow to approximately six feet (two 
meters) in length and weigh about 245 pounds (110 kilograms) (NOAA Fisheries, 2014b). 
Harbor seals are opportunistic predators, eating a large variety of fish and crustaceans, which 
can make them susceptible to frequent interactions with fisheries (Gilbert, pers. comm., 
2014). While historically harbor seals were exploited for meat and pelts, the biggest threats 
facing  this  species  today  include  ship  strikes,  gear  entanglement  or  ‘ghost  fishing,’  incidental  
capture by fisheries, deliberate capture for illegal trade, and human harassment (Gilbert, pers. 
comm., 2014). 

Between the late 19th and mid-20th century, Maine and Massachusetts paid bounties to 
destroy these abundant, nuisance seals (Lelli, David E, & Aboueissa, 2009). Maine bounty 
laws were active from 1891 to 1905 and from 1937 to 1945 (Lelli et al., 2009). By 1872, 
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small  regions  in  Maine  recognized  the  need  to  protect  these  animals,  but  it  wasn’t  until  a 
century later that the MMPA made the taking of marine mammals illegal across the nation 
(Lelli et al., 2009; Lelli & Harris, 2006).  

The complex relationship that exists between harbor seals and humans is largely due to the 
polarity of fishery and conservation group perspectives. Fishermen see seals and other 
marine mammals as a nuisance: they become bycatch in their nets, they scare away fish, they 
occasionally prey on valuable stocks, and they require expensive gear regulations and 
inconvenient lanes (Mesko, pers. comm., 2014). Conversely, conservation groups recognize 
the  threats  humans’  recreational  and  fishing  practices  pose  to  these  vulnerable animals and 
work to further strengthen protection efforts. Some of the earliest conservation efforts 
protecting seals were occurring nearly simultaneously with the earliest programs for 
controlling and reducing seal populations in the Gulf of Maine (Nichols et al., 2011). 

Current Management and Conservation 
According to NOAA, harbor seals are the most abundant, large predator in the Northeast 
continental shelf marine ecosystem. In New England, harbor seals can be recognized as 
significant predators of economically valuable fish, but they in fact prey primarily on 
commercially irrelevant stocks (Gilbert, pers. comm., 2014). Based on analysis of scat 
collected on beaches and stomach contents, harbor seals prey on 11 of 22 commercial fish 
species (Williams, 1999). Their diet is primarily comprised of silver hake, Atlantic herring, 
red or white hake, Atlantic cod, and pollock, all averaging 22 centimeters in length 
(Williams, 1999). Based on this data, harbor seals are in direct competition with commercial 
fishermen less frequently than perceived (Williams, 1999).  

Harbor seals are not listed as threatened or vulnerable under the Endangered Species Act 
(ESA), but their populations face major threats in human sources of mortality such as ship 
strikes, fishing gear entanglement, oil spills and onshore-based pollution, and even gunshots 
(primarily in Canada). In 1972, the MMPA and its subsequent amendments made it illegal to 
hunt, capture, harass, or kill harbor seals and all other marine mammals in the US (16 USC § 
1371). Since New England seal bounties ended in 1945 and the MMPA was passed, the 
number of seals has increased nine-fold in the Gulf of Maine (Waring, 2006). Harbor seal 
stocks of the Northeastern US observed during pupping season increased from 10,500 
individuals in 1981 to 38,000 individuals in 2001 (Waring, Gilbert, Belden, Atten, & 
DiGiovanni, 2010). This average annual increase of 6.6% has been relatively constant since 
then and there remains no evidence that the population has stabilized (Waring et al., 2010). 
This observed growth in harbor seal populations indicates that disease, predation, and 
offshore-based pollutants, its most natural causes of mortality, have not had significant 
impacts (Gilbert, pers. comm., 2014). Shark predation has been noted as a natural threat but 
the significance of this predation as a mortality source has not been documented (NMFS, 
2014a).  
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Human-caused serious injury and mortality are in fact the most prominent threats facing 
harbor seals today. From 2007 to 2011, 1,272 harbor seal stranding mortalities were reported 
between Maine and Florida (NMFS, 2014a). Maine has the highest number of reported 
strandings (573 seals) amongst all coastal New England states (NMFS, 2014a) (Figure 4.6). 
Approximately 6% of the dead harbor seals stranded in this five year period had indications 
of human interaction, with almost 1.5% showing scars from fishery interaction and four 
individuals having gun shot wounds, according to the Northeast Regional Office of Marine 
Mammal Stranding Network database (NMFS, 2014a). An unknown number of seals were 
also killed in the aquaculture industry (i.e. salmon farming) by being trapped in gear and 
being shot by fishermen who can adequately reason that the seals were negatively affecting 
their practice (NMFS, 2014a). While aquaculture has been recognized in the past as a threat 
to marine mammals, it is rarely reported by industries today (Waring et al., 2010; Young, 
pers. comm., 2014). 

 
Figure 4.6 Harbor seal stranding mortality ranked by frequency in each of the five 
coastal New England states from 2007 to 2011 (NMFS, 2014) 
In this same time period of 2007 to 2011, an estimated 409 harbor seals were victims of 
human caused mortality and serious injury (NMFS, 2014a). This total of 409 can be broken 
down into fishery-related incidences (397 incidences) and non-fishery related, human 
interaction stranding mortalities (12 incidences) (NMFS, 2014a). The National Marine 
Fisheries  Service  (NMFS)  has  since  changed  its  definition  of  serious  injury  to  “injury that is 
more  likely  than  not  to  result  in  mortality”  and  assessments  revised  in  2013  or  later  use  this  
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new guideline (NMFS, 2014a). The Northeast sink gillnet fishery had significantly higher 
serious injury and mortality incidences than any other fishery, totaling 346 out of the total 
397 fishery-related incidences (NMFS, 2014a) (Figure 4.7). 

 

Figure 4.7 Summary of incidental mortality of harbor seals by commercial fisheries. 
Indicate the threat posed by large fisheries like the Northeast sink and Mid-Atlantic 
gillnet fisheries to marine mammals in the deep zone (NMFS, 2014). 
 

Harbor seals have also been subject to infectious disease. In the winter of 1981, necropsies of 
dead harbor seals showed that many had become vectors for influenza (Gilbert, pers. comm., 
2014). The most recent Unusual Mortality Event was declared in November of 2011 in 
response to the spreading of an infectious disease that killed 567 harbor seals between June 
2011 and October 2012 in Maine, New Hampshire, and Massachusetts (NMFS, 2014a). 
While this is recognized as a threat for harbor seals, experts like James Gilbert of the 
University  of  Maine  don’t  think  it  needs  to  be  more  heavily  managed (Gilbert, pers. comm., 
2014). 

In May and June of 1981, 1986, 1993, 1997, 2001, and 2012, coast-wide aerial surveys were 
conducted along the Maine coast during pupping season (NMFS, 2014a; Waring et al., 
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2010). The population in 2012 was approximately 29% lower than the 2001 estimate, which 
was almost 29% higher than the population in 1997 (NMFS, 2014a). This suggests that the 
population dropped significantly in 15 years. While these population estimates may not be 
completely accurate due to outdated tagging methods and tracking difficulty, the general 
trend still indicates the possibility of a declining population. Other factors contributing to this 
population drop include: (1) Estimated counts of seals out of the water in 2012 as opposed to 
exact counts of seals out of water in 2001, (2) a different correction value was used in 2001 
than in 2012 (2.54 and 2.27, respectively), (3) part of the population was not sampled during 
the survey and, (4) the population is in fact declining (NMFS, 2014a). This research 
illustrates two major concerns regarding harbor seal populations: more accurate and frequent 
population estimates need to be done using reliable technology and, if populations are in fact 
no longer growing, the factors contributing to this downfall must be defined and addressed 
(Nichols et al., 2011). Without recent and accurate population data, it is difficult to move 
forward with policy recommendations, as the development of important conclusions, like 
current population trends and current and maximum net productivity rates, is restricted 
(Nichols et al., 2011). 

In October of 2011, a variety of harbor seal researchers and conservationists came together at 
the Provincetown Center for Coastal Studies to express concerns regarding the lack of 
funding and low prioritization of seal data collection (Nichols et al., 2011). Without better 
data on the population size, location, and behavior of the harbor seal, they believed it was 
difficult to come up with productive policymaking decisions (Nichols et al., 2011). Even 
fishermen are frustrated by the lack of data that exists regarding harbor seals and other 
pinniped species. During this meeting, Cape Cod fishermen expressed their concerns 
regarding the relationship between their work and the well-being of these animals. Without 
sufficient communication between conservation groups, scientists, fishermen, and 
policymakers, it is difficult for these groups to make decisions regarding gear modifications 
and depredation reduction solutions (Nichols et al., 2011). 

While harbor seals are not at imminent risk of population depletion, assuming no unforeseen 
catastrophe, their vulnerability to fishing gear entanglements and fish strikes is still important 
to recognize, especially when analyzing the status of other marine mammals and deep-water 
species in Maine.  

North Atlantic Right Whale 
At 13-16 meters long and weighing up to 70 tons, the North Atlantic right whale has been 
recognized  for  centuries  as  one  of  the  world’s  most  majestic  marine  creatures  (Schweitzer, 
2014). The majority of the Western North Atlantic population range from wintering and 
calving areas in the Southeastern US to summer feeding and nursery grounds in New 
England, the Bay of Fundy, and the Scotian Shelf. Its blubber alone is approximately 8 
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inches thick but can reach up to 24 inches during feeding season (Schweitzer, 2014). This 
thickness provides enough buoyancy to keep the body floating even after it has died, which 
makes for easier mortality sightings (Miller et al., 2011). These graceful filter feeders 
primarily feed on zooplankton (i.e., copepods, euphausiids, and cyprids) by skimming the 
water surface with open mouths of baleen. Females give birth to their first calf at around ten 
years old and gestation takes about one year (Firestone, 2014c). These unique characteristics 
make for a beautiful creature but also pose threats for the animal, hinder recovery efforts, and 
contributed largely to its heavy exploitation by whaling industries dating back to the 11th 
century (NOAA Fisheries, 2013a; Schweitzer, 2014).  

In the 11th century, Basque fishermen developed whaling techniques that made them some of 
the  world’s  first  modern whalers and the likely cause of right whale commercial extinction 
(Kraus & Rolland, 2007; Rastogi et al., 2004). The right whale was an easy target: a slow 
swimmer that stays close to the shore with thick, valuable blubber that keeps even its 
harpooned body afloat (Perry & Demaster, 1999; Schweitzer, 2014). By the start of the 15th 
century, the Basques began following the migration of these lucrative whales into Iceland 
and Greenland, and by the mid-16th century they had joined European fleets in Labrador and 
Newfoundland (Kraus & Rolland, 2007). This dramatically increased their catch and profit, 
as its valuable blubber oil was becoming a growing commodity.  

The biggest boom of the industry came throughout the 1500s, when hundreds of whalers 
stormed the harbors of Labrador during the summer in search of these whales. Americans 
eventually joined the hunt in the mid-17th century and contributed to its population plummet 
over the next two and a half centuries (Kraus & Rolland, 2007; Perry & Demaster, 1999). By 
1700, the right whale was so endangered that it quickly became economically irrelevant to 
pursue for many countries (Kraus & Rolland, 2007; Perry & Demaster, 1999). Some whalers 
continued to hunt throughout the 19th and 20th centuries, but by the early-20th century, the 
population was so depleted that both the League of Nations (in 1935) and the International 
Whaling Commission (in 1949) banned all whaling of right whales (United States Court of 
Appeals, 2008). While this effort helped to support this vulnerable species, scientists 
continue to be concerned that it may never fully recover.  

Current Management and Conservation  
The North Atlantic right whale has  been  listed  as  ‘Endangered’  since  1986  by  the  
International Union for Conservation of Nature (IUCN) and is listed in Appendix I by both 
the Convention on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES) and the Convention on the Conservation of Migratory Species of Wild Animals 
(CMS) (CITES, 2013; Reilly et al., 2012). Appendix I listing indicates that the species is 
considered to be among the most vulnerable species listed: it is threatened with extinction 
and cannot be commercially traded (CITES, 2013). The Marine Mammal Protection Act 
(MMPA) along with the National Marine Fisheries Service (NMFS) also refer to it as 
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“critically  endangered”  and  “functionally  extinct”  (Silber et al., 2012). The basic causes for 
these listings, aside from historical exploitation, are primarily rooted in human activities such 
as ship strikes and gear entanglement.   

Right whales continue to be deeply threatened by entanglements in fishing gear and their 
estimated annual growth rate of approximately 2.8% makes every entanglement one of 
concern  to  the  species’  survival  (NMFS, 2014b). While the right whale population is 
growing, the lethal entanglement rate is growing much faster. Between 1980 and 2009, 519 
of 626 (82.9%) right whales observed displayed signs of at least one gear entanglement 
instance and 306 of those 519 (59%) had been entangled more than once (Knowlton, 
Hamilton, Marx, Pettis, & Kraus, 2012). 

*Includes North Atlantic right whale, Gulf of Maine humpback whale, Western North 
Atlantic blue whale, Canadian East Coast minke whale, unidentified fin/sei whale, 
unidentified balaenopterid, and other unidentified whale species 

**Includes entanglements, vessel strikes, natural causes, and unconfirmed reason for fate. 
Does not include entrapments and excludes resights of previously reported individuals unless 
a new injury was documented 

***Covers all whales killed with insufficient information to determine cause of death or if 
the injury was serious and likely lethal 

Table 4.3 Summary of human incidences affecting the North Atlantic right whales 
between 2006 and 2010. These incidences are primarily dominated by entanglement 
in fishing gear and ship strikes (Henry et al., 2012)  

Stock 
North Atlantic Right 

Whale 
All Western North Atlantic 

Whales Combined* 
Total events** (2006 - 2010) 55 (12, 6, 14, 15, 8) 498 

Total confirmed mortalities 19 (6, 3, 3, 4, 3) 311 

Confirmed entanglement 
mortalities 4 (1, 1, 0, 0, 2) 24 

Confirmed vessel strike 
mortalities 9 (4, 0, 0, 0, 1) 27 

Confirmed mortalities, NOT 
vessel strike or entanglement 5 (0, 1, 3, 1, 0) 15 

Confirmed mortalities*** 5 (1, 1, 0, 3, 0) 245 
 

Lobster pots and traps are recognized as being the most threatening gear to right whales 
followed by gillnet fisheries (NMFS, 2014b). Michael Moore, a right whale researcher from 
the Woods Hole Institute worries about the future of whales with the growth of fisheries. His 
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perception is that every time a lobster or gillnet permit is issued, another whale will be 
entangled and killed by rope (Schweitzer, 2014). The whales are startled when they swim 
into these vertical lines and lack the maneuverability to easily escape (Schweitzer, 2014). 
Few animals can free themselves quickly and some are too entangled to make it to the 
surface so drown. Many whales can swim with these entanglements, but with the ropes 
wrapped so tightly around their heads and fins and wedged between their jaws, they most 
likely die after five months (Schweitzer, 2014). These slow deaths of these entangled animals 
is a troubling problem—some are found with polypropylene ropes tied so tightly around their 
limbs that their bones are nearly cut in half. Others are found with lice infestations, decaying 
flesh, shark bites, and little energy after being unable to eat for so long (Schweitzer, 2014; 
Young, pers. comm., 2014). 

By virtue of the ESA and section 118 of the MMPA, NMFS is obligated to develop and 
enforce regulations requiring modifications to fishing gear and restrictions on several types 
of gear in regions and seasons known for higher occurrence of right whales (Monsell, 
Uhlemann, Young, Weaver, & Asmutis-Silvia, 2012). However, these regulations have been 
slow to develop and entanglements continue to be the biggest reason for serious injury and 
mortality (Young, pers. comm., 2014). Between 2007 and 2011, the minimum rate of annual 
human-caused mortality and serious injury to right whales averaged 3.25 per year from 
incidental fishery entanglement, accounting for over 80% of annual mortalities and serious 
injuries (NMFS, 2014b).  Even  more  concerning  is  Maine’s  resistance  to  implement  acoustic  
detection devices or require distinct gear markings to help researchers and right whale 
protection groups identify the origin and depth of fishing gear after it has caused serious 
injury or death to a whale (Young, pers. comm., 2014). Critical habitat area is also absent in 
Maine, despite NMFS data supporting its establishment, as there is pushback from 
policymakers to further regulate lucrative fishery industries and high-traffic shipping lanes 
(Young, pers. comm., 2014).   

Many Mainers fail to even realize these animals are present and vulnerable in the Gulf of 
Maine, and lobstermen remain frustrated that data regarding their entanglements and 
whereabouts is lacking (McCarron, 2013). A study tracking right whales from 1997 to 2005 
found that 3 out of 8 (37%) of all reported large whale entanglements were accounted for by 
Maine lobster gear, which makes it the largest source of gear entanglement for cases in which 
the origin of the gear can be determined, according to the 2007 NMFS Gear Analysis 
(Young, pers. comm., 2014). According to Sharon Young, the Marine Issues Field Director 
at  the  US  Humane  Society  (USHS),  “We  are  killing  them  faster  than  any  natural  disaster  
could”  (Young, pers. comm., 2014). 

In 2009, NMFS began teaming up with fishermen, conservationists, state managers, 
scientists, and gear experts to establish the Atlantic Large Whale Take Reduction Plan 
(NMFS, 2014b). This effort was intended to reduce the level of serious injury and mortality 
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of the North Atlantic right, humpback, and fin whales. The Plan is supposed to incorporate a 
combination of broad-based gear modifications, time-area closures, disentanglement 
measures, research, and outreach. However, since its development, large whales continue to 
be frequently injured or killed by the dangerous vertical lines in lobster trap/pot and gillnet 
gear, suggesting that further and continuing modifications are necessary (T. Johnson, 2005; 
Monsell et al., 2012).  

The Reduction Plan in Maine 
As the NMFS developed these new rules to reduce gear entanglements, an Environmental 
Impact Statement was required to be prepared under the National Environmental Policy Act. 
This was prepared by NMFS and NOAA, its parent agency, and involved numerous studies 
and 16 public hearings in the Northeast (50 CFR § 229). At the public hearings, interest 
groups, which included many commercial fishermen associations as well as conservative 
groups, provided valuable input on how the rules should be modified. The Maine Lobstermen 
Association,  the  Maine  Fishermen’s  Association,  and  others  provided  comments  on  practical  
changes as well as the economic and social impacts that the rules would have on the industry 
(McCarron, 2013; NOAA Fisheries, 2014d).   

This included the following proposed amendments, which were ultimately included in a Final 
Rule, issued in June of 2014: (1) Vertical gear line limitations will be imposed, but have been 
reduced to recognize the rocky bottom characteristics of the Coast of Maine as opposed to 
the soft sandy bottom of Cape Cod Bay, (2) protected areas along the Coast of Maine will be 
reduced, from three to one, since few sightings have occurred in these areas in which 80% of 
Maine’s  lobster  industry  works,  (3) traps per line minimum restrictions have been put in 
place but reduced from three to two, since this unfairly affects the smaller operators, (4) 
regulations have been eliminated that are more likely to require additional employees, such 
as sternman and gear modification workers, (5) gear is now required to be brought back to 
shore daily in many locations, but not Maine, since that requirement is impractical for 
smaller boats, (6) breaking strength equipment requirements have been put in place but in 
federal waters only and not for Maine, and, (7) implementation is phased-in to allow 
fishermen time to comply (50 CFR § 229).   

The  Maine  Lobstermen’s  Association  also  voluntarily  partnered  with  research  organizations,  
such as the New England Aquarium and the Woods Hole Oceanographic Institution, to better 
educate fishermen on required procedures and provide updated statistics and feedback on 
practical impacts. As the NMFS pointed out in its Final Environmental Impact Statement, 
industry group input was extremely important because complying with certain requirements 
often imposes additional costs and produces adverse effects on revenues (McCarron, 2013; 
NOAA Fisheries, 2014c). Since these impacts may be large, NOAA foresees some fishermen 
switching their efforts to other fisheries or stopping fishing entirely (NOAA Fisheries, 
2014c).  “We  wanted  to  be  responsive  to  what  we  heard  last  year,  when  we  originally  
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proposed  these  measures,”  said  John  Bullard,  Regional  Administrator  of  NOAA  Fisheries,  
“so  we  made  changes  to  our  proposal. We have been able to decrease the number of affected 
vessels, reduce compliance costs for fishermen, and still reduce the risk of whale 
entanglements”  (NOAA Fisheries, 2014c). 

These efforts are extremely important because the survival of North Atlantic right whales 
depends on a reduction of serious injuries and mortalities. In order for the North Atlantic 
right whale population to reach its optimum sustained population (OSP), the potential 
biological removal (PBR) rate, or the maximum number of animals, excluding natural 
mortalities, that can be removed from its stock, is 0.9 each year (NMFS, 2014b). OSP is 
defined complexly as a congressional term by the MMPA, but is somewhat analogous to 
being  at  the  “maximum  net  productivity  level,”  just  before  a  species  reaches  its  carrying  
capacity (NMFS, 2014b; Young, pers. comm., 2014). Following this definition, right whales 
are far from their OSP because of their slow growth rate (2.8%) and critically endangered 
population size. Related species like the Southern right whale, for example, are reproducing 
at approximate rates of 5-7% per year (Young, pers. comm., 2014). 

Between 1999 and 2003, the recorded human-caused mortality and serious injury of right 
whales averaged 2.6 animals per year (1.6 fishing entanglements and 1 ship strike) while 
between 2004 and 2006 an additional 11 deaths were observed (1 fishing entanglement, 8 
ship strikes, and 2 unknown incidents) (NMFS, 2014b). For a species as vulnerable as the 
North Atlantic right whale, these seemingly low numbers are in fact very concerning 
(Firestone, pers. comm., 2014; NMFS, 2014b). According to Michael Moore, saving just two 
female right whales per year could help stabilize the species' population (Schweitzer, 2014).  

Bringing the Whales to Court 
U.S. territorial water marine mammals, including the right whale and harbor seal, are 
primarily regulated by the ESA and the MMPA. By virtue of those laws and the designation 
of the right whale as critically endangered, the federal agencies with primary enforcement 
responsibilities are NOAA, the NMFS, and the US Coast Guard (16 USC § 1531; 16 USC § 
1361). As a result, the critical habitat for the right whale was designated by NMFS to include 
locations ranging from calving areas in the southeastern US coastline near Georgia and 
Florida, northward to New England waters off of Massachusetts, Rhode Island, and Maine 
(NEFSC, 1998). These critical habitat areas include their migratory path and, as such, are 
areas of importance for the long-term survival and maintenance of the species.  

Since these critical habitat areas are dense with fishing fleets and general shipping travel, the 
NMFS began updating existing rules and programs in the late 2000s, including the 
Mandatory Shipping Report Scheme and the Right Whale Shipping Strike Reduction 
Strategy (Silber, Fonnesbeck, & Adams, 2014). These rules required large ships to travel 
with greater sensitivity to the presence of right whales. When they became effective in 2009, 
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critical habitat areas showed a significant reduction in deaths for right whales being hit by 
vessels. Before the rule went into effect, 13 right whales died during a two-year period and 
after the rule went into effect, no deaths were reported (NOAA Fisheries, 2013b). Under the 
rules, various shipping lanes are designated as high-risk areas and two such areas are located 
just east of Portland, Maine and Portsmouth, New Hampshire (NOAA Fisheries, 2013b; 
United States Court of Appeals, 2008). 

Various organizations, such as the Defenders of Wildlife and the USHS have criticized the 
NMFS and the Coast Guard for their inaction and lack of diligence in enforcing their 
mandates to protect endangered species. Numerous citizen suits, such as Defenders of 
Wildlife et al. v. Gutierrez in 2008, have been filed (McCarron, 2013; United States Court of 
Appeals, 2008). This has resulted in court orders requiring the agencies to more promptly 
promulgate and strengthen regulations and policies regarding gear entanglement rules and 
critical habitat area for right whales. These cases have hastened the issuance of action despite 
budget cuts and work re-allocations.  

One such by-product of these suits is the declaration of a strengthened Right Whale Shipping 
Strike Reduction Strategy just one year after the Gutierrez decision, and significant 
improvements to the Atlantic Large Whale Take Reduction Plan in 2014. In their critical 
habitat suit, USHS was able to obtain a court order mandating new boundaries by February 
of 2015. If they fail to comply, USHS can hold NMFS in contempt of court (Young, pers. 
comm., 2014). These court actions are hugely powerful tools without which these rules may 
have taken many additional years to develop, risking the loss of more right whales.  

Conclusion 
In conclusion, we determine that puffins are currently in a stable state and are well managed. 
Green crabs are invasive and require strengthened regulations. Herring are also relatively 
stable and well managed. Finally, right whales are critically endangered and require 
expanded critical habitat area, while harbor seal populations are sufficiently protected.  

We found that breeding success puffins on Seal Island during the summer of 2012 decreased 
by 46% and that only 10% of breeding pairs on Meniticus Rock and Seal Island successful 
reared a chick in the summer of 2013. There are several policies already in place to protect 
the puffins from human disturbances, but as water temperatures being to warm in the Gulf of 
Maine outside factors that are not currently address in these policies will begin to affect the 
puffins. 

Since the 1950s, green crab populations have increased exponentially. Their consumption of 
shellfish and resistance to warming water temperatures has made them one of the most 
widely distributed intertidal crab species in the world.  
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Herring landings have increased by almost 60% from 1983 to 2013. The creation of a 
Fisheries Management Plan for herring in 1996 and the implementation of Amendment Four 
which switched from Total Allowable Catch levels to Annual Catch Levels have allowed 
herring to remain in a relatively stable state.  

North Atlantic right whale populations are hardly growing at a rate of 2.8% and are therefore 
critically endangered. There are fewer than 500 individuals in the North Atlantic and an 
average of 4.05 right whales are killed or seriously injured by human activity per year. The 
Large Whale Take Reduction Rule has helped mitigate these incidents but critical habitat 
area for the whales is insufficient.  

The Western North Atlantic stock of the harbor seal has over 70,000 individuals between 
Canada  and  New  England.  They  are  defined  as  being  of  “least  concern”  to  the  IUCN  but  face  
threats of gear entanglement. Over 99% of fishery-related mortalities and serious injuries 
between 2007 and 2011 were attributed to the gillnet fishery. They are sufficiently protected 
by the Marine Mammal Protection Act but should be recognized as a species that is 
vulnerable to human activity.  

The varied status of each of these five species  indicate  that  Maine’s  coastal  and  island  
wildlife could potentially benefit from an ecosystem based approach to management (EBM, 
2010). This approach would help address threats  facing  all  of  Maine’s  coastal  and  island  
wildlife such as climate change, coastal development, and economic growth.  

Scenarios 
Coastal and island wildlife in Maine could face a number of different fates. The most 
significant factors dictating the future of coastal and island wildlife include government 
funding, human activity, climate change, and coastal development. Based on these factors we 
present the following scenarios on the future of coastal and island wildlife in Maine. 

Fish are Friends and Food!  
It  is  2025  and  Maine’s  government,  conservation  groups,  and  communities  have  worked  
together to increase the quantity and quality of coastal habitat and wildlife conservation. 
Increased funding and research have allowed conservation initiatives and policies to mitigate 
the effects of climate change on coastal wildlife. The United States Fish and Wildlife Service 
(USFWS) was able to track Atlantic puffins using miniature GPS tags that allowed them to 
track where puffins were feeding and protected these vital sources. The USFWS also 
identified  islands  along  Maine’s  coast  to  protect  as  Significant  Wildlife  Habitats  and  the  
National Audubon Society has continued Project Puffin on these islands with successful 
breeding seasons in the past few summers. A market for invasive green crabs was created and 
fishermen have become invested in catching them. The high demand for green cabs has 
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allowed  populations  of  shellfish  along  Maine’s  coast  as  well  as  vital  eelgrass  to  recover  from  
extensive predation. Fisheries scientists have increased the data and their understanding of 
Atlantic herring, which has allowed the New England Fishery Management Council to adapt 
appropriate Annual Catch Limits that have kept the Atlantic herring populations stable in the 
Gulf of Maine. Tagging and tracking of North Atlantic Right Whales has increased and the 
migration behavior of the whales has become better understood. This new knowledge has 
informed new gear restrictions and encouraged policy makers to expand critical habitat along 
Maine’s coast greatly benefitting the vulnerable whales. The coastal zone continues to 
contribute  greatly  to  the  State’s  economy  through  recreation,  tourism  and  commercial  
fishing.  Maine’s  coast  is  highly  treasured  by  not  only  the  people  of  Maine  and  but  also  the 
entire  United  States.  It  represents  the  ideal  framework  by  which  the  rest  of  the  world’s  
coastal zones should be managed and truly embodies the definition of sustainability. 

Just Keep Swimming 
It  is  2025  and  Maine’s  coastal  and  island  wildlife  are  struggling to survive as it gets harder to 
find food and shelter. Habitats have been substantially degraded and coastal development 
continues to grow. Warming waters have caused greater numbers of fish species to move to 
more suitable waters and Atlantic puffins are struggling to find prey. GPS monitoring of 
Atlantic puffins has yet to be successful which has prevented the USFWS from being able to 
protect new islands as Significant Wildlife Habitat. There is still no market for green crabs 
and they continue to have  a  devastating  impact  on  shellfish  in  Maine’s  intertidal  zone.  Data  
and knowledge on Atlantic herring has not increased and Annual Catch Limits are 
continuously set higher they should be to maintain sustainable populations. Tagging and 
tracking of North Atlantic Right Whales has not increased and much more knowledge is 
needed on their migration patterns in order to implement successful gear restrictions and 
expansion of critical habitat. Establishing effective marine stewardship programs and 
ecosystem based management techniques have been talked about for years, but the funding 
and effort is simply not there and the coastal and island wildlife in Maine continue to be 
extremely vulnerable. 

The Drop Off 
It  is  2025,  and  Maine’s  coastal  and  island  wildlife  have suffered greatly in the past few years. 
The  rocky  and  sandy  habitats  lining  Maine’s  historically  thriving  coast  are  suffocated  by  
empty seashells, trash, and human waste that have been slowly softened with time by 
thrashing winds and crashing waves. Policy initiatives have been unable to keep up with the 
effects of warming waters in the Gulf of Maine and currently only one Atlantic puffin colony 
survives. Green crabs have continued to prey on shellfish in the intertidal zone at an alarming 
rate  and  Maine’s shellfish industry is on the brink of collapse. Atlantic herring suffered from 
increased Annual Catch Limits and the fishery continues to be overfished. North Atlantic 
Right Whales are still critically endangered and policymakers have failed to pay much 
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attention to the dying whale species. The coastal zone of Maine that was once one of the 
most biodiverse ecosystems in the world has fallen victim the changing climate. 

Recommendations 
The future health of island wildlife in Maine is dependent on several factors. As the climate 
in the Gulf of Maine continues to change and the sea surface temperature continues to warm, 
Maine’s  island  wildlife  will  be  increasingly  affected  by  prey  relocation  and  habitat  alteration.  
In order to prevent these changes from having devastating impacts on islands wildlife, we 
believe  Maine’s  government  agencies  should  continue  to  recognize  and  monitor  the  changes  
that are occurring in the coastal zone and analyze how they will affect the wildlife on 
Maine’s  islands.  Agencies  must  develop  new  policies  and  regulations  that  help  Maine’s  
coastal and island wildlife not only survive, but also adapt to climate change.  

If fish species in Maine that Atlantic Puffins are reliant on for prey continue to relocate to 
more suitable waters as the water temperature in the Gulf of Maine steadily increases, the 
United States Fish and Wildlife Service must begin to identify new islands that should be 
protected as Significant Wildlife Habitat. Multiple colonies of Atlantic puffins in varied 
locations prevent the species from being completely wiped out by one potential impact and 
this dispersal must continue if the species is going to remain stable. To do this islands must 
be identified that would be suitable habitat for Atlantic puffins in response to prey relocation 
and a seabird restoration program similar to Project Puffin should be used to develop these 
new colonies. This will allow the Atlantic puffin populations to adapt to climate change and 
remain  stable  on  Maine’s  islands.   

The health of the intertidal zone is heavily reliant on the management of invasive green 
crabs. Finding a way to incentivize stakeholders is an obvious challenge, especially with 
limited state funding, but the issue is far too big to be ignored. People still have to pay to get 
a green crab license; however, in an ideal world, the opposite would be the case and there 
would be a bounty on green crabs. Colby College has initiated a competition in an effort to 
come up with a strategy for dealing with green crabs and the college is offering a cash prize 
of $1,000 to the person or group with the best idea (Goldfarb Center, 2014). Getting people 
from the fishing community to the academic community thinking broadly about the issue will 
hopefully open the door to the development of an effective management technique. 

Healthy offshore wildlife populations in Maine, specifically herring, are fundamental to the 
entire ecosystem. Research by NGOs that examines spawning patterns and population 
dynamics in the four management zones will help the Atlantic State Marine Fisheries 
Commission and New England Fisheries Management Councils set the best allowable catch 
levels. If herring populations move north as a result of climate change, the management 
zones will need to be restructured and collaboration with Canada will be necessary. Finally, 
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if herring populations decrease increased gear restrictions on mid-water trawls and longer 
spawning closures will need to be adapted.  

While harbor seals and other deep-water wildlife in Maine may not face imminent danger 
and  therefore  don’t  call  for  immediate  strengthened  management,  critically  endangered  
species like the North Atlantic right whale do require further protection. Federal agencies and 
research  groups  like  NOAA’s  Protected  Species  Branch  and  the  Humane  Society  of  the  
United States should receive additional funding to cover improved tagging and aerial 
tracking of at-risk animals. This will help accurately identify migration behavior and inform 
gear restriction rules. Policymakers should be encouraged to review National Marine 
Fisheries Service (NMFS) data regarding the need for critical habitat expansion in Maine and 
along the coast. According to the NMFS, critical habitat area for the North Atlantic right 
whale  should  be  expanded  beyond  Massachusetts.  Two  Maine  areas  in  particular,  Jeffrey’s  
Ledge, which has major co-occurance of fisheries and whale sightings, and Jordan Basin, 
Maine’s  only  known  right  whale  breeding  area,  are  being  proposed  as  critical  habitat  areas  by  
NMFS. International communication can also be strengthened to enhance the regulation of 
these species in Canadian and Western European waters.  

Our analysis of coastal and island wildlife in Maine demonstrates the need for an ecosystem 
based management approach. Although we looked at five distinct indicator species, we found 
them to all be connected through the food chain or the impacts they currently face. 
Ecosystem based management (EBM) is a form of natural resource management that hopes 
to broaden the narrow scope typically found in traditional species based management. EBM 
examines the interconnectedness of various pressures and their impacts on the functioning of 
the ecosystem as a whole (Curtin & Prellezo, 2010). EBM also recognizes humans as key 
components for the coastal and marine ecosystem and integrates the economic, social and 
ecological goals of the ecosystem. It accounts for the complexity of natural processes in the 
coastal and marine ecosystems through the engagement of multiple levels of stakeholders and 
the consideration of ecological rather than political boundaries (EBM, 2010). 

To this day various EMB practices have been applied across the world. Each have 
experienced their own individual successes and failures however the accomplishments 
several of them have achieved through its implementation  would  greatly  benefit  Maine’s  
coastal and island wildlife. For example, the Port Orford, Oregon Community Stewardship 
Area created a new agreement with the Oregon Department of Fish and Wildlife that enabled 
communication between local fishermen and state officials. It has allowed them to share 
scientific data, discuss individual problems and collaboratively identify solutions (J. Johnson, 
Wondolleck, & Yaffee, 2010). EMB has also been recognized as solution on a federal level. 
The National Ocean Policy Implementation Plan follows an EMB approach by integrating 
input from national, regional, and local stakeholders from all marine sectors to develop 
comprehensive management of US oceans coasts, and Great Lakes (National Ocean Council, 
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2014). In Morro Bay, California EBM was also adopted by the creation of The San Luis 
Obispo Science and Ecosystem Alliance. Through increased scientific research, this alliance 
lead to a greater understanding of the natural processes and ecosystem dynamics of Morro 
Bay that have led to informed management actions and potential policy development 
(Crawford, Leslie, & Sievanen, 2012). Ecosystem based management also allows for the 
development of future action plans, which are crucial for the continued successful 
management  of  coastal  and  island  wildlife  in  today’s  ever  changing  environment.  The  
Willamette Valley-Puget Trough-Georgia Basin Ecoregional Assessment in the Pacific 
Northwest generated a science-based, prioritized list of natural areas that guides policy 
makers in future conservation projects and funding that has allowed stakeholders to jointly 
identify the next steps needed to improve this ecosystem (Samples, Wondolleck, & Yaffee, 
2010). 

These examples demonstrate key accomplishments that are currently needed to better protect 
Maine’s  coastal  and  island  wildlife.  While  much  of  Maine’s  future  is  uncertain,  we  believe  
that these suggestions will produce the best case scenario for coastal and island wildlife. 
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The State of Big Game in Maine 
Meredith Braun, Angela Cross, and Jake Lukach 

Executive Summary 
The State of Big Game Species in Maine is the fifth chapter in The  State  of  Maine’s  
Environment 2014. In this chapter, we assess the state of three big game species in Maine: 
the black bear, the moose, and the white-tailed deer. 

We describe the history of management for each species and identify pertinent legislation 
and stakeholders, and current status of the  three  species.  We  found  that  although  Maine’s  
moose and deer populations are not listed as threatened species, climate change and disease 
(i.e. Chronic Wasting Disease) could threaten the future health of the species respectively. 
Inversely, wildlife biologists worry that bears could pose a threat to human livelihoods as 
their population continues to grow rapidly.                                                                                                                           

We highlight the various issues and conflicts that inform policy decisions relating to these 
three species. In regard to bear, hunting methods such as bear baiting, trapping, and hounding 
have sparked debate among Mainers for and against the techniques because Maine is the only 
state in the country that allows for all three practices to take place. Whereas wildlife-vehicle 
collisions are the foremost human-wildlife conflict involving moose (2,179 crashes between 
2009-2013) and deer (14, 852 crashes between 2006-2010). 

Finally, we discuss the economic, social, and environmental implications of existing big 
game populations and provide recommendations for future management plans. For the moose 
and deer we suggest the establishment of highway fencing and the conversion of WMDs 
currently labeled as compromised zones to moose-vehicle collision zones to minimize 
wildlife-vehicle collisions. We also support the conservation of critical deer wintering habitat 
to  protect  the  population  form  mortality  during  Maine’s  winter  months.  In  order to reduce 
human-bear conflicts we believe that Maine should introduced subsides that reduce the cost 
of bear–proof garbage cans. Additionally, we encourage the state legislature to outlaw 
baiting, hounding, and trapping since other states have demonstrated these inhumane 
methods are not necessary in order to maintain a healthy bear population. 

Introduction 
Large mammals are important because they have economic, ecological, political, and social 
values (Chardonnet et al., 2002). Big game species, the subset of those large mammal species 
that are taken and hunted for sport or subsistence, nationally contribute substantial 
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recreational value and help to generate recreation-related revenue (NWF, 2013). In 2001, 
over 10.7 million hunters nationwide participated in the hunting of big game species, a 
number which swelled to over 12 million hunters in 2011; during the 2011 season these 12 
million adult hunters spent more than $16 billion for big game hunting purposes (Flather et 
al., 2009; NWF, 2013). 

White-tailed deer (Odocoileus virginianus) and moose (Alces alces americana) are top 
herbivores. Typically where predators have been extirpated, these animals serve as important 
engineers for their respective ecosystems (Chardonnet et al., 2002). White-tailed deer are 
found throughout much of the United States, with an estimated nationwide population in 
2000 of around 15 million (NWF, 2013). White-tailed deer are capable, as a result of 
foraging, of eradicating plant species from forest landscapes and altering plant abundance, 
growth, survival, and distribution patterns therein (Rawinski, 2008; Côté et al., 2004).  

Moose are less commonly found throughout the country, with populations found in northern 
New England, Minnesota, the Rocky Mountain States north of Colorado, and Alaska (NWF, 
2013). Moose browsing has been found to incur changes in plant morphology, reduce tree 
growth and survival, retard forest succession, shift competitive balances in favor of 
alternative plant species, decrease heights of deciduous shrubs, and increase the number of 
branches per shrub stem (Strong et al., 2009). 

Finally, although they are predators and scavengers and not herbivores such as deer and 
moose, black bears (Ursus americanus) also influence ecosystem structure and function. 
Distributed throughout the western and north central United States and the east coast, black 
bears serve as an indicator species for the health of the environment and habitat (Parkhurst, 
2009). Even though black bears consume both plants and animals, plants (especially berries) 
provide the majority of their nutrition and diet; if their desired food is unavailable and they 
will often move into developed areas where they are able to scavenge, raid bird feeders, eat 
honey from beehives (NWF, 2013). 

In Maine, big game species include the black bear, the moose, and the white-tailed deer, the 
three species upon which we focus in this report, as well as the furbearers such as the bobcat 
(Lynx rufus) and the endangered Canada lynx (Lynx canadensis) (MPGA, 2014; MDIFW 
2014d). We focus our study on these three species and not the furbearers because of the 
inability to hunt Canada lynx due to their endangered status and because of a lack of current 
information  regarding  Maine’s  bobcat  population  and  its  management.  Further,  activities 
related to the hunting of these three species alone contribute to almost $175 million directly 
to the state economy per year (MOT & MDIFW, 2014). 
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Objectives 

We analyze the state of big game in Maine through three case studies: the black bear, the 
eastern moose, and the white-tailed deer. We investigate the ways in which big game species 
are managed in the state of Maine, identify relevant stakeholders, pinpoint pertinent human-
wildlife conflicts, and describe the political, economic, and social influences affecting the 
species. 

Our focus is on how current management affects these three big game species in Maine. We 
present historical information for each species. We also identify the factors affecting these 
big game species in other regions. Animal populations migrate across borders, so we 
examine the permeability of state and international boundaries. 

Methods 
We used the search engines SCOPUS, JSTOR, and Google Scholar to gather information 
from journal articles and reports to learn about the biology and management of each species. 
We used data on population densities, hunting laws, permit systems, and management 
regimes from the Maine Department of Inland Fisheries and Wildlife. We also used 
information from the Maine Legislature to assess past and present governmental policies that 
have affected the status of big game species. 

We also communicated with seven biologists and road safety advisors from The Maine 
Department of Inland Fisheries and Wildlife and The Maine Department of Transportation. 
These conversations were conducted over the phone and through email correspondence. 

Additionally, we obtained geographical mapping data regarding the locations of Wildlife 
Management Districts as well as the locations of Deer Wintering Areas from The Maine 
Office of GIS. We obtained deer and moose vehicle collision point data from the Department 
of Transportation, and the Department of Inland Fisheries and Wildlife provided information 
regarding deer, moose, and bear hunting registrations for the 2013 season as well as the 
locations of moose management areas. We used the data obtained from these institutions to 
create maps using the ArcGIS 10.2.2 (ESRI 2014). We created maps highlighting areas of 
Maine that are important to the conservation, management, and biology of our case study 
species. Microsoft Office 2013 was used to organize and prepare the data before importing it 
into ArcGIS.   

Laws and Institutions 
Multiple federal and state laws apply to big game management in Maine. The most relevant 
federal law, The Federal Aid in Wildlife Restoration Act (Pittman-Robertson) of 1937, allots 
funds for each individual state targeting four grant programs (Wildlife Restoration, Multistate 
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Conservation, North American Wetlands Conservation Program, and the Firearm and Bow 
Hunter Education and Safety Program) (16 U.S.C. 669-669k). This law has been one of the 
most stable sources of funding for wildlife agencies since its inception. In the 2013 fiscal 
year, the Pittman-Robertson Act granted over $4 million to the State of Maine for the 
purposes of wildlife conservation and hunter education; for the 2014 fiscal year, that 
allotment has been budgeted to reach over $6.3 million (USFWS, 2013; USFWS, 2014). 

Title 12 
The most important state laws include those in Title 12 of the Maine Revised Statutes, a 
series  of  laws  that  are  dedicated  to  conservation  of  Maine’s  water,  forests,  and  inland  fish  
and  game  −  among  other  valuable  resources.  All  of  Maine’s  state  laws  and  regulations  
related to conservation of wildlife habitat, species, and, perhaps most importantly for our 
project, hunting and trapping, can be found within the 13 parts of Title 12 and the subparts 
and chapters therein.  

Table 5.1 Maine State Laws Affecting Big Game Species. 

Law Year Description Location 
General Definitions 
Regulation 2003 Establishes definitions of animals and hunting 

practices 12 MRS §10001 

Wildlife Causing 
Damage or Nuisance 
Regulation 

2003 
This chapter of Maine law provides details about 
the right to kill nuisance wildlife that harm 
persons, and personal property. 

12 MRS 
§12401-12404 

Wildlife Management 
and Research 
Regulation 

2003 
Subchapter 1 includes regulations for rule 
violations of wildlife management areas and the 
designation of wildlife areas in Maine.  

12 MRS 
§12401-12404 

Natural Resources 
Protection Act 2007 

Acknowledges  that  Maine’s  waterways,  lakes,  and  
wildlife habitat have significant value, and that 
current uses are contributing to the degradation of 
these resources. 

38 MRS §480 

Stakeholders 
Maine has an extensive array of agencies and stakeholders that have a vested interest in the 
state’s  big  game  species.  This  includes  groups  such  as  federal  and  state  governmental  
agencies, non-governmental organizations (NGOs) and citizen groups, and the public. These 
various groups influence and contribute  to  Maine’s  multifaceted  approach  to  big  game  
management. 

US Fish and Wildlife Service (FWS) 
The  FWS  is  tasked  with  conserving,  developing,  and  managing  the  nation’s  natural  
resources. It enforces federal wildlife laws, protects endangered species, conserves and 
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restores wildlife habitats, and distributes money in excise taxes on fishing and hunting 
equipment of state wildlife agencies (USFWS, 2014). The FWS provides critical funding for 
the Maine Department of Inland Fisheries and Wildlife. 

US Forest Service (USFS) 
The USFS employs scientists to study wildlife and the habitats in which they live to inform 
appropriate and effective land management practices and to address threats to those habitats 
such as habitat fragmentation and climate change (USFS, 2014). This work focuses on 
conserving not only the habitats but the connectivity between and among them as well as 
establishing management regimes using future climate scenarios and models (USFS, 2014). 

Maine State Department of Inland Fisheries and Wildlife (MDIFW) 
Tasked with protecting and enhancing inland fisheries and wildlife while simultaneously 
facilitating wise use of these resources, the MDIFW strives to conserve and enhance the 
wildlife resources available in the State of Maine while ensuring that the public is well-
informed about and involved with conservation efforts (MDIFW, 2013). The MDIFW 
acknowledges  the  importance  of  preserving  Maine’s  wildlife  resources  not  only  for  residents,  
but also for the thousands of tourists that travel to the state every year. The MDIFW 
functions  under  the  guidance  of  the  legislature’s  Joint  Standing  Committee  on  Inland  
Fisheries and Wildlife and the Fish and Wildlife Advisory Council, a ten-member  citizen’s  
advisory group whose members are appointed by the governor and subject to legislative 
confirmation (MDIFW, 2005). The economic impacts of wildlife tourism and resource use 
amount to over $500 million annually (MDIFW, 2013). The MDIFW publishes reports on 
the assessment of big game species, including the management and health of the animals. 
The MDIFW also regulates hunting and trapping of big game species throughout the state. 

In the year 2000, MDIFW established 29 Wildlife Management Districts (WMDs) in an 
effort to reduce confusion in management of hunting zones for deer, moose, turkey, and 
waterfowl. WMDs are delineated geographical sections of the state that are similar in 
biophysical and geophysical characteristics (MDIFW, 2013) (Figure 5.1). 

After the state legislature granted the Maine Department of Inland Fisheries and Wildlife 
(MDIFW) full authority over big game management, the department established a Big Game 
Public Working Group. The Maine Big Game Public Working Group was created by the 
MDIFW in 1999 as a group tasked with managing big game species in Maine (Kantar, 2012). 
It comprises numerous stakeholder groups, including citizen advisors and wildlife managers, 
as a means to better represent the diverse interests of stakeholders. The Public Working 
Group develops goals and objectives for the management  and  populations  of  Maine’s  big  
game species. To establish these goals, the group had to take into consideration hunting and 
viewing opportunities, as well as habitat and nuisance issues (Kantar, 2012). 
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Figure 5.1 Maine Wildlife Management Districts (MOGIS, 2014). 



State  of  Maine’s  Environment  2014 

215 
 

Maine State Department of Environmental Protection (DEP) 
The DEP was established to prevent, abate, and control the pollution of air, water, and soil. 
The DEP is also held responsible for protecting the natural resources of Maine as well as for 
enforcing  the  state’s  environmental  laws  (DEP,  2013).  The  DEP  is  charged  with  the  
protection,  conservation,  and  restoration  of  the  big  game  species’  habitat  and  provides useful 
Geographic Information System (GIS) data to state wildlife biologists (DEP, 2013). 

Maine Department of Transportation (MaineDOT) 
Tasked with facilitating and directing safe and effective transportation throughout the state 
on  Maine’s  roads,  MaineDOT  educates  the  public  on  wildlife-vehicle collisions (WVCs) and 
is concerned with the  safety  of  Maine’s  residents  and  nonresidents  alike  on  roadways.  The  
agency publishes information on deer and moose-vehicle collisions and educates the public 
on roadway safety concerning large animals. 

Maine  Office  of  Tourism  (MOT)  &  Maine’s  Tourism  Industry 
Big game species draw a significant amount of tourists to Maine every year; therefore, the 
Maine  Office  of  Tourism  has  a  stake  in  seeing  big  game  species  endure.  Tourists  “from  
away”  come  for  Maine’s  unparalleled  hunting  and  wildlife  watching  opportunities, which are 
unique among the lower 48 states. 

Maine Outdoor Heritage Fund (MOHF) 
The Maine Outdoor Heritage Fund provides funding for critical wildlife and conservation 
projects  in  order  to  secure  Maine’s  outdoor  heritage  for  future  generations.  Its efforts are 
supported financially through the sale of instant scratch lottery tickets; in the past two 
decades, the Heritage Fund has awarded approximately $17 million in grants to conduct 
research and further management efforts of big game species for 828 conservation projects 
(MOHF, 2013). 

Maine Cooperative Fish and Wildlife Research Unit (MCFWRU) 
The MCFWRU is a group that provides crucial research that helps to inform policy creation 
regarding big game species. It is comprised of the US Geological Survey, Maine Department 
of Inland Fisheries and Wildlife, University of Maine, US Fish and Wildlife Service, and the 
Wildlife Management Institute. It is one of the oldest units of its type in the country, with 
Maine’s  wildlife  research  unit  founded  in  1935.  It released annual reports to cooperators that 
summarize  current  research  on  Maine’s  wildlife  (CFWRU,  2014).   

Maine Forest Service (MFS) 
The MFS provides critical services, including the use of ranger pilots and helicopters, to aid 
in moose and deer population estimates through visual surveys. The MFS protects and 
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enhances  Maine’s  forest  resources,  which  includes  critical  habitat  for  these  big  game  species  
(MFS, 2013). 

Native American Tribes 
Maine has four officially recognized Native American tribes: the Maliseet tribe, the 
Passamaquoddy tribe, the Abenaki tribe, and the Penobscot tribe. The US Fish and Wildlife 
Service  and  Maine’s  four  recognized  tribes  have  “jurisdictional  responsibilities  on  federal  
and tribal lands respectively – lands comprising less than 3 percent of the total land area in 
the  State”  (MDIFW,  2005).  These  four  tribes  are  among  a  handful  of  other  Maine  agencies,  
which  are  primary  constituents  of  Maine’s  Comprehensive  Wildlife  Conservation  Strategy. 

Land for Maine's Future (LMF) 
Founded in  1987,  LMF  is  Maine’s  primary  funding  vehicle  for  land  conservation  in  regards  
to its natural and recreational values. The Natural Resources Council of Maine aided in the 
program’s  funding,  and  with  those  funds  LMF  identifies  and,  when  applicable,  purchases 
lands that ensure public use and conservation to those special places, including Deer 
Wintering Areas (LMF, 2013). 

Non-Governmental Organizations and Citizen Groups 
A variety of Non-governmental organizations (NGOs) create management change for big 
game species in Maine through active interest and passionate action. Such groups include the 
Sportsman’s  Alliance  of  Maine  (SAM,  2014),  an  advocacy  group  for  hunters  and  fishermen,  
and environmental groups such as the Maine Audubon Society and the Nature Conservancy, 
advocacy groups for wildlife conservation. 

Insurance Companies  
Insurance companies are stakeholders when generating and organizing management policies 
for the reduction of wildlife-vehicle collisions. Road administration results in numerous 
“administrative  conflicts”  because  of  frequent  claims  made  by  insurance  companies  after  
wildlife-vehicle collisions (Rosell et al., 2013).  

Public 
Mainers  have  a  history  deeply  connected  to  the  state’s  wildlife  and  its  usage.  The  big  game  
species of Maine serve as a source of food, recreation (in the form of hunting and trapping), 
and income to citizens of Maine through hunting and related tourism. In addition, big game 
species can serve as sources of human-wildlife conflicts, with bears disturbing bird feeders 
and trash cans (among other sources of conflict), and with moose- and deer-vehicle collisions 
on the roads. 
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Hunters are an important public stakeholder in regards to the management of big game 
species. This group seeks to both preserve and conserve these species to ensure their future 
availability for food and sport alike. Hunters contribute financially to the conservation of big 
game species by funding population studies and their reliance on guides and gear salesmen. 
Their interest in protecting the species lies in the desire to continue hunting, a historically 
characteristic part of Maine. 

State of Big Game Species in Maine 
This section analyzes management regimes, current threats, and key conflicts pertaining to 
black bears, moose, and white-tailed deer.  

Black Bears 
This section examines the current state of black bears in Maine by looking at management 
plans and major issues related to the species. 

Black Bear History 
Black bears inhabited the forests of Maine long before European settlers arrived in the 
Americas.  They lived alongside Native American tribes like the Penobscot Nation, who 
valued bears in folklore (Welker, 1996). Bears were hunted as a source of fat, food, and hide 
that  helped  early  Mainers  survive  Maine’s  cold  winters.  To  kill  a  bear  required courage and 
many tribes in North America honored the death of bears ceremonially (Tighem, 2013). The 
human-bear relationship in Maine changed with the arrival of European colonists, who 
viewed Native Americans as savages and treated bears as beasts that existed only for 
amusement purposes (Tighem, 2013) 

Public attitudes towards bears in the early 20th century were heavily influenced by the 
classification of the black bear as a game species in the 1930s. Customarily, a zero-tolerance 
policy was taken toward nuisance bears and the sport hunting of the animals became 
common. Maine also placed bounties on bears that lasted into the 1950s (Mclaughlin, 1999). 
Consequently, without a bag limit it place, the bear population dwindled until there was only 
a fraction of the population left (Mclaughlin, 1999). This negative relationship with bears 
began to change during the 1970s, a decade synonymous with the environmental awareness 
movement, as the MDIFW began comprehensive bear biology studies (Mitchell, et al., 1991). 
Bear management and the hunting legislation that followed was thereafter influenced by 
research conducted on bear biology (Mclaughlin, 1998). For example, in 1990, after bear 
biologist estimated the population to be declining, the hunting season of bears was shortened 
to limit harvest size (MDIFW, 2014i). 
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Black Bear Management 
Bear management influenced by intensive studies of bear biology, movements, and habitat 
helped to create harvest goals to healthily maintain the population. As a result, the bear 
population thrived, growing from 18,000 individuals in 1980 to 30,000 in 2014 (MDIFW, 
2014b). The MDIFW supports bear hunting as the best management practice to keep the 
growing bear population under control. Bear hunting is carried out annually during an 8-
week season through a variety of hunting methods.               

There are four main methods used to hunt bears in Maine: still-hunting, hounding, trapping, 
and baiting. Of these methods hounding, trapping, and baiting account for over 93% of all 
bears harvested. In 2013, 2,632 of the 2,845 bears registered were caught using one of the 
three previously mentioned techniques. In an effort to protect the stability of the bear 
population, the state has very strict rules pertaining to the execution of each method 
(MDIFW, 2014). Below are examples of these rules along with a description of each method 
using information provided by the MDIFW during the 2014 hunting season. 

(1) Hounding (September 8th to October 31st) refers to the use of trained dogs to pursue bears 
and chase them up a tree so that the hunter can have a clear shot. The MDIFW regulates that 
no more than 6 dogs be used at any one time and that dogs not be within 500 yards of solid 
waste disposal sites. 

(2) Trapping (September 1st to October 31st) involves the use of a cable trap (foot snare) 
fitted  to  the  size  of  an  adult  bear’s  leg  in  order  to  avoid  the  capture  of  younger  bears  and  
other wildlife. Hunters are required to check their traps daily. However, this regulation 
permits bears to be left in traps for many hours at a time.  

(3) Baiting refers to the deliberate placement of food, such doughnuts and granola, in order to 
entice bears to a particular area where they can be harvested. Bait can be placed as early as 
July 26th although bears cannot be harvested at bait sites until the start of the season (August 
25th to September 20th). Regulations require that bait be placed more than 500 yards away 
from any solid waste disposal site or campground and at least 50 yards from any travel way 
that is accessible by a vehicle. 

(4) Still-hunting is permitted throughout the general hunting season (August 25th to 
November 29th) and is thought of as a more traditional hunting method because it refers to 
the stalking of a bear accompanied by a firearm or crossbow. The MDIFW require every 
harvested bear be inspected by a game warden prior to registration in order to determine the 
sex of the bear. Additionally, a licensed hunter is only allowed to take two bears during the 
season (one by hunting, one by trapping). 

On average bear hunting in Maine generates approximately $65 million each year (Lavigne, 
2014). This statistic includes revenue acquired from hunting guides, all necessary equipment 
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sales, and secondary expenditures and services. In 2013, out-of-state hunters bought over 
66% of all bear hunting licenses. Most non-resident hunters hire guides which on average 
charge a fee of $2,000 for a week worth of service (Oxbow Lodge, 2013) The cost of 
acquiring a license for in-state hunters is $27 and is $74 for nonresidents. Hunters are 
permitted to hunt only two bears during the hunting season. Bear hunting supports 700 to 800 
jobs, mostly within rural counties, and that the MDIFW generates $1.06 million annually 
(Lavigne, 2014). These funds are used by Maine to help pay for the comprehensive bear 
biology and ecology studies that have been ongoing for the past 40 years. 

In the past 10 years, biological studies on bears by biologists in Maine suggest that the 
population has risen almost 30% (MDIFW, 2014i). There are many theories that can explain 
the increase in black bears. One of the most obvious reasons is that bear habitat and natural 
food sources, such as beechnuts, have improved throughout the years (Schooley, 
McLaughlin, Matula Jr, & Krohn, 1994). In years of higher natural food production, mother 
bears may give birth to a larger number of cubs that weigh higher than average. In years of 
lower natural food production, bears must work harder to find food in order to provide 
sufficient nutrition for their cubs and survive the winter months (Seger, et al., 2013). For 
example, 2012 was a poor year in natural food production of bears. Hunters therefore 
benefited as more bears turned out to visit bait sites in search of food. 

Another theory that may explain the increase in bear population is the expansion of bear 
habitat  in  Maine.  Maine’s  bear  habitat  is  said  to  encompass  69,0050  km2 consisting of 
secondary growth conifer-deciduous forest that provide enough food to support the bear 
population and prepare the species for hibernation (Fecske et al., 2009). Since the early 20th 
century some studies indicate that bear habitat has been increasing in some parts of the state. 
For  example,  the  1970’s  spruce  budworm  outbreak  led  loggers  to  clear  vast  tracks  of  forest  to  
prevent the tree-eating insects from spreading. The new growth forest that ensued contained 
ideal food for black bears such as berries, sedges, and insects (Schooley et al., 1994). Though 
studies  have  predicted  that  Maine’s  habitat  could  support  a  population  of  approximately  
40,000 bears, the upward population trend of the species has raised concern among some 
bear experts (Mclaughlin, 1999). 

Human-Bear Conflict 
Contrary to popular belief, black bears are strong, intelligent and fast mammals that can run 
up to 25 miles per hour (MDIFW, 2014i). Bears are also cautious and shy towards humans 
when the two encounter one another under normal circumstances. But one of the most 
prominent characteristics of bears is that they are opportunistic animals that are drawn to 
food even if it takes them to a backyard setting (Fraser  &  Dubois,  2013).  In  these  “unnatural”  
environments, bears may show signs of aggression, particularly in the springtime months 
following their hibernation, towards humans and domestic pets as they forage for food 
(Merkle, et al., 2013) 
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The Maine Department of Inland Fisheries and Wildlife (MDIFW) employees agree with 
hunters that harvesting bears in Maine is extremely difficult due to the large forest cover of 
the state. Maine is unique in the East Coast in that is has 82% forest cover (MDIFW, 2014i). 
Unlike the vast open areas of land that exist in states like Colorado, the dense wooded areas 
of Maine make it hard to spot a bear while hunting. It has been estimated that out of the 
11,000 bear hunters, last year about one in four hunters were successful in Maine. The 
majority of bears harvested are registered in the northern half of the state (Figure 5.2).  
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Figure 5.2 Numbers of Black Bear Registrations (2013) and Nuisance Complaints 
(2012) in Each Wildlife Management District of Maine. (MOGIS, 2014; MDIFW, 
2014). 
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The location of areas with higher bear registrations are inversely related to the number of 
bear nuisance complaints that Maine receives each year (Figure 5.2). This may result from 
the fact that the southern  half  Maine  contains  the  majority  of  the  state’s  human  population,  
housing developments, and major highways (MOGIS, 2014). Consequently, the northern half 
of the state is a more desirable habitat for bears than the south. In addition to hunting bears in 
the northern half of the state in order to increase their chances of finding a bear, hunters may 
be less inclined to hunt around urban environments as a human safety concern. As the bear 
population increases, the MDIFW worries that without all methods for hunting the annual 
number of bear complaints would rise. Maine has experienced an increase in nuisance 
complaints from 400 to 500 a year in the past decade (MDIFW, 2014i).  

Baiting, trapping, and hounding are often the target of ethical attacks by animal rights groups 
such as People for the Ethical Treatment of Animals (Green, 2014). Yet, the state defends the 
practices by proposing that bait sites and bear traps allow the hunter to get close to bear and 
deliver a clean shot, thus minimizing suffering for the animal. Similarly, hounding is 
described by the MDIFW as a method that allows the hunter to judge whether or not the bear 
should be left alone, such as a mother with cubs, or if it is a bear worth harvesting. These 
observations are possible because once the hounds have chased a bear up a tree its features 
and family unit size become visible to the hunter. 

Bear hunters and the MDIFW further claim that if the bear population were to drastically 
increase, bears would begin to starve as a result of food scarcity and that there would be a 
surge in the number of bears killed in human-bear conflicts. This consequence would be the 
product of bolder bears venturing into urban environments in search of food. MDIFW 
records that Mainers kill approximately 1-12 bears annually after feeling threatened by the 
animals (Jennifer Vashon, Personal Communication). Baiting may help to reduce this 
conflict by drawing problem bears (such as the younger, curious males and older, bolder 
bears) that have an appetite for human foods into the woods to be harvested by hunters at bait 
sites. 

Bear Referendum 
The methods used to manage bears in Maine fueled a bear referendum in 2014 that asked 
voters  whether  or  not  they  wished  to  “ban  the  use  of  bait,  dogs,  and  traps  in  bear  hunting 
except  to  protect  public  property,  safety,  or  for  research?”  Mainers  voted  against  the  
referendum  by  a  margin  of  53%  to  47%  (Dell’Amore,  2014).  These  results  are  almost  
identical to the outcomes of a similar referendum that did not pass in 2004 (Morell, 2014). 
Those most locally opposed to the referendum were the hunters, guides, and gear salesmen 
whose lifestyle and income stood to be directly affected. In 2014 MDIFW biologists were 
among the most well-voiced adversaries to the referendum. Their aggressive opposition was 
powered by a claim that without these hunting methods in place, Maine would lose the ability 
to control the bear population.  
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Other bear biologists and ecologists came forward in an attempt to argue that the current 
hunting practices encourage negative human-bear relations. For example, studies support the 
notion that bait sites can lead to the spread of disease as multiple individuals share a single 
food source (CCWHC, 2003). Additionally, because hunters are allowed to leave bait sites 
active for several weeks, and cannot be expected to monitor a site around the clock, other 
species could be taking advantage of the food provided and further spread diseases. 

Baiting could also have serious implications on bear behavior because hunters are allowed to 
place bait out for approximately four weeks before they can harvest bears and because they 
are not required to record the amount of bait that they place at sites (MDIFW, 2014c). For 
example, bait sites attract multiple bears to an area to feed on a steady supply of high caloric 
foods. Bait sites in other states have been thought to influence changes among bears such as a 
reduction in home range, an increase in body mass, and an increase in bear density around 
bait sites (Beckmann & Berger, 2003). Therefore, to proponents of the referendum, the 
question was not whether baits sites can feed the entire population of bear in Maine, but 
whether these sites are affecting the bear population and management goals negatively. 

Bear referendum supporters also used science as they looked to states such as Washington 
and Oregon that have banned bear baiting and seen a positive reaction in their bear 
management plans (TWS, 2006). These states found it contradictory to ask citizens to refrain 
from feeding bears in their backyards while simultaneously allowing hunters to do so; once a 
bear has grown accustomed to human food it will continue relying on humans for food. In 
Maine hunting regulations allow bait sites occasionally to be placed in close proximity to 
human dwellings, which could entice some bears to think of humans as a source of food. One 
estimate suggests that each year 7 million pounds of bait foods are placed in Maine woods 
for the sake of sport hunting (TWS, 2006).  

Animal rights activists also tried using a moral approach to persuade politicians, forest-
dependent business owners, and the public to care about the issue of how bears are hunted in 
Maine. Many hunters in favor of the referendum were quoted as saying that they did not 
believe that bear baiting, hounding and trapping is a sign of true sportsmanship (Morell, 
2014). In comparison to all of New England, Maine is the only state that allows the trapping 
of black bears (Table 5.2). This practice has been outlawed in all other states often because it 
is thought of as an unfair way for hunters to kill a bear (EOEA, 2014). In regards to trapping, 
though many state wildlife departments around the country use trapping equipment, the 
practice causes the animals extreme stress and discomfort (Green, 2014). Similarly, bears 
have been known to attack packs of hunting dogs because the act of being chased causes 
bears to feel stressed and threatened (Gore, 2003). Therefore, the argument against trapping 
and hounding, and baiting is supported by the idea that they are outdated and inhumane 
methods of hunting. 
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Table 5.2 Black Bear Population and Harvest Data in New England 2013 (MDIFW, 
2013; RIDEM, 2013; NHFH, 2013; DEEP, 2013; EOEA, 2013). 

State 
Estimated 
Population 

Bears 
Harvested Hounds Bait Trapping 

Stalking 
and 

Unreported 

% of 
Bears 

Harvested 
Maine 30,000 2,845 479 2,048 105 213 9.5 

Vermont 4,500 556 127 - - 429 12.3 

Massachusetts 4,000 148 - - - 148 3.7 

New 
Hampshire 5,000 570 98 309 - 163 11.4 

Rhode Island 10 No Hunting - - - - - 

Connecticut 350 No Hunting - - - - - 

 

Finally, according to supporters of the 2014 bear referendum campaign, the 2004 referendum 
had funding leverage that led to its defeat (Green, 2014). The ballot results of both 2004 and 
2014 speak generously to the role of political funding in the management of black bears in 
Maine. During the 2014 referendum both sides of the debate raised millions of dollars to fund 
their campaigns (Green, 2014). The same year, proponents of the referendum sued the State 
for using tax dollars to fund and influence the decision of voters in their pro-hunting 
propaganda  (Fleming,  2014a).  The  judge  in  charge  of  the  case  ruled,  “MDIFW  employees  
could campaign on the bear-hunting issue because their free speech is protected under the 
First  Amendment.”  The  judge  also  ruled  that  the  MDIFW’s  use  of  funds  in  their  campaign  to  
oppose  the  referendum  did  not  cause  “irreparable  injury”  (Fleming,  2014a).   This court case 
highlights the passion and commitment of all stakeholders involved in the debate over the use 
of methods to hunt bear in Maine. 

Moose 
This section examines the current state of moose in Maine by looking at management plans 
and major issues related to the species. 

History of Moose Management in Maine 
No animal is more symbolic and representative of Maine than the moose, as can be attested 
by its adoption as the state animal and its presence on the state flag. The early explorers of 
New England wrote of the plentiful abundance of moose during the 1600s (MDIFW, 2014f). 
However, with the introduction of European hunting methods—mainly guns—the moose 
population began to thin out beginning in the 17th century. 
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Prior to 1830, no laws existed to restrict the harvest of moose. Moose were hunted year-
round and without a bag limit (MDIFW, 2014f). In 1830, the state government passed a law 
that established a moose hunting season that lasted for a two-month period. At this time, 
game wardens were assigned by the State to oversee and regulate hunting (MDIFW, 2014b). 
The legislature continually introduced stricter hunting regulations relating to hunting season 
length, bag limit, and the taking of cows and calves (Morris, 1999). Between 1875 and 1935, 
hunting seasons regularly fluctuated between closed and open seasons because no concrete 
management plan had yet been established. 

Statewide populations had declined to around 2,000 individuals by the early 1900s (MDIFW, 
2014f). The suspected causes of this decline include brain worm infestation, unrestricted 
hunting, and the rapid clearing of forests for farmland (MDIFW, 2014e). Concerns over 
declining moose populations resulted in increased hunting restrictions and ultimately led to a 
legal ban on hunting in 1935. Moose populations began to rise because of stricter hunting 
laws and from the reversion of farmland back to forest, which increased moose habitat areas 
and food abundance (MDIFW, 2014e). 

As the population increased, state lawmakers took legislative action to reestablish the moose 
hunt. Several bills were introduced between 1943 and 1979, but all were ultimately defeated 
(MDIFW, 2014e). In 1979, a moose hunting bill was signed into law and allowed the state 
government to allot up to 700 permits to resident hunters for use during the last week of 
September in 1980 (Morris, 1999). However, the newly implemented law failed to outline a 
proper management plan. It did not seek to distribute hunting pressure, so hunters primarily 
hunted east of Moosehead Lake, which is a popular area for moose viewing. As a result, the 
number of moose killed was very high in that specific area and led to public concern over 
improper hunting management (Morris, 1999). This prompted government officials to 
reevaluate the newly implemented moose hunt. Between 1980 and the present day, moose 
management  has  been  continuously  progressed  and  developed  to  better  control  the  state’s  
populations. 

Current Management Plan of Moose 
Maine’s  moose  management  is  an  important  part  of  the  state’s  overall  wildlife  management  
plans. When the Big Game Public Working Group established Wildlife Management 
Districts (WMDs) in 2000, they established a much more comprehensive set of goals in 
comparison to previous management attempts. Their objective was simply to maintain the 
population of moose at the 1985 level (Morris, 2002). These goals are continually developed 
through a public process that involves relevant stakeholders, including groups seeking to 
increase moose hunting and groups seeking to increase moose viewing, both of which are of 
high economic importance to Maine (Wattles & DeStefano, 2011). 
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Each WMD is coupled with goals and objectives for the moose management plan. In regards 
to moose management, the WMDs are placed in three categories according to management 
goals (Morris, 2002). Known as the Moose Management Areas, the categories include 
Recreation Management, Road Safety, and Compromise Management (Figure 5.3). In the 
Recreation Management Areas, the goal is to maintain the population at 60% of carrying 
capacity in order to maximize hunting and viewing opportunities. In the Road Safety Areas, 
the sole objective is to reduce the number of crashes involving moose. In the Compromise 
Management Area, the goal is to reduce the population by a third in order to successfully 
balance recreation opportunities and safety concerns (Morris, 2002). Recreational hunting is 
the main tool used to achieve population objectives in the WMDs (Morris, 2002). 

 

Figure 5.3 Moose Management Areas in Maine (Morris, 2002) 
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For most of the WMDs, the objective is to maintain the population at 55-65% of carrying 
capacity (Morris, 2001). Carrying capacity is the maximum number of individuals that can 
live successfully in a habitat with sufficient amounts of food and space. It was determined 
that at this level, the allowable harvest would be maximized, while limiting significant 
habitat impacts (Morris, 2002). One of the biggest problems is determining accurate 
population numbers in order to ensure that the population actually remains at this desired 
level. Without knowing the precise population within a management area, it is very difficult 
to determine the ideal carrying capacity and an applicable management plan. 

Population Estimates 
Estimating the population of any animal species is difficult, and the moose is no different. In 
general, moose habitat and populations in Maine are higher in density in the north and west 
where human population density is lower. Moose are distributed statewide, but are most 
abundant in the northern, western, and eastern regions of the state where climate and habitat 
conditions are more ideal (Wattles & DeStefano, 2011). Maine has the largest moose 
population in the lower 48 states (Fleming, 2013). 

To obtain more accurate population numbers, the MDIFW, in 2009, reevaluated their 
previous efforts and undertook an approach that would better identify moose populations 
throughout  the  state.  The  MDIFW  received  a  grant  from  Maine’s  Outdoor  Heritage  Fund  
(MOHF) to fund the project. This initiative utilizes a double count technique that is 
conducted in helicopters during the winter months in order to survey moose populations over 
northern and eastern Maine (Kantar & Cumberland, 2013). For this survey technique, two 
observers are situated in the front and back of the helicopter. They independently record the 
number of moose they observe and report their collected data to the recorder, a third 
individual in the helicopter. This approach was designed in collaboration with the New 
Brunswick (Canada) Department of Natural Resources (Kantar, 2012).   

In 2012, wildlife officials, based on the innovative aerial survey approach, identified the 
moose population to be around 76,000 individuals, which is more than double the previous 
estimate of 29,000-31,000 individuals (MDIFW, 2014g; Baker, 2013; Fleming, 2013). More 
recently, however, state wildlife officials have reduced the number of individuals residing in 
the state. Current population estimates (as of 2014) identify the moose population to be 
around 60,000-70,000 individuals (MDIFW, 2014g; Whittle, 2014). 

Moose Hunting in Maine 
Hunting is a significant and integral component of moose management in Maine. In 2013, 
moose  hunting  alone  contributed  over  $20  million  to  Maine’s  state  economy  (MOT  &  
MDIFW, 2014). Maine has a vested economic interest in maintaining the practice of 
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recreational moose hunting. Due to its importance, moose hunting is a highly regulated 
practice in Maine. 

Hunting is regulated by the MDIFW under a framework established by the legislature 
(Morris, 1999). The size of the allowable harvest is dictated by the population objectives for 
each WMD set by the Big Game Public Working Group (Morris, 2002). Only individuals 
who possess a valid moose hunting permit (and their subpermittee) are legally allowed to 
hunt moose. Hunting permits are distributed through a highly competitive lottery process, 
where only about 6-7% of the applicant pool is granted a permit each year (MDIFW, 2014g). 
Recently, the state has seen an overall decline in permit applications. The number of 
applicants entering the lottery has dropped by over 27% since 2004 (Whittles, 2014). 

Both residents and non-residents of Maine are allowed to apply for a permit, but no more 
than 10% of the total number of allotted permits are issued to nonresidents of the state 
(MDIFW, 2014e; MDIFW, 2014f). Any individual that is granted a moose hunting permit is 
required to wait three years before reentering the lottery (MDIFW, 2014g). This is done to 
ensure that all applicants are provided a more equal opportunity in the lottery. Applicants 
indicate his or her preferred season, WMD location, and type of permit. There are five 
different hunting periods within a single season in which hunters are legally allowed to 
utilize their permit (MDIFW, 2014e).  

Hunters are able to apply for three types of hunting permits: bull only permit, antlerless only 
permit, and any-moose permit. A bull only permit holder is allowed to hunt bull moose, 
which are defined as a moose with antlers longer in size than their ears. Antlerless only 
permit holders are allowed to harvest a moose without antlers or a moose with antlers shorter 
in size than their ears. An any-moose permit holder may shoot a moose of either sex. All 
Permit holders have a bag limit of one moose per year (MDIFW 2014b; MDIFW, 2014g). 
Typically, moose hunting success (the number of allotted permits divided by the total number 
of registered moose kills) lies around 75% (Figure 5.4). 

In Maine, moose can legally be hunted with rifles, shotguns, handguns, muzzleloaders, bow 
and arrows, or crossbows. All other forms of take methods, including shotguns with shot 
loads and .22 caliber rim fire firearms, are illegal (MDIFW, 2014e). It is estimated that legal 
and illegal harvesting of moose accounts for 2,000 to 3,000 deaths per year (Gagnon, 2014). 
The majority of moose are harvested in northern WMDs (Figure 5.5).  
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Figure 5.4 Number of Allotted Hunting Permits and Number of Moose Harvested Per 
Year (MDIFW, 2014). 

The number of permits given out by the MDIFW has fluctuated over time but has increased 
in recent years. However, from 2013 to 2014, Maine reduced the number of allotted permits 
by 25% (Gagnon, 2014). This was a decision based on data that indicated the winter 
mortality rate of moose was three times higher than average, which has been attributed to the 
increase in winter tick infestations. The MDIFW decreased the amount of permits in the 
hopes  that  it  would  offset  the  impact  of  winter  ticks  on  the  state’s  moose  populations  
(Fleming, 2014b). 

Although recreational hunting has largely been successful in maintaining ideal moose 
populations, some areas of the state require additional hunting to achieve desired 
management goals. Beginning in 2009, the MDIFW established an annual controlled moose 
hunt located in eastern Aroostook County in Northern Maine. The MDIFW created this 
localized hunting management approach to maintain acceptable populations in areas of high 
conflict  (Kantar,  2011).  The  controlled  hunt  is  separate  from  Maine’s  regular  recreational  
moose hunting season and the moose taken during this hunt do not count towards the regular 
hunt’s  harvesting  limits.  In  eastern  Aroostook  County,  abundant  moose  populations  have  
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lead to increased instances of human-wildlife conflicts (HWCs). The moose population in 
that region are negatively impacting broccoli and cauliflower harvest rates and leading to 
high rates of moose-vehicle collisions (MVCs). Over the past decade, the state officials 
increased the number of hunting permits for antlerless moose to drive down birth rates and 
reduce moose densities (Fleming, 2013). 

 

Figure 5.5 Number of Moose Registrations in each Wildlife Management District in 
Maine for the 2013 Hunting Season (MOGIS, 2014; MDIFW, 2014) 
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During the 2014 controlled hunt, 25 moose hunting permits were distributed (Smith, 2014). 
Thus far, the controlled hunt has helped to alleviate some of the major issues in the area and 
has allowed for the MDIFW to successfully meet population objectives for the WMDs in the 
area (MDIFW, 2014h). As a result of this hunt, the density of moose population in the region 
has decreased from five individuals per square mile to two to three individuals per square 
mile (Fleming, 2013). 

Moose-Vehicle Collisions 
One of the biggest issues relating to moose populations in Maine is the frequent occurrence 
of Moose-Vehicle Collisions (MVCs) throughout the state. Although moose are not the most 
common animals involved in car collisions, due to their large size they are of major concern 
(MaineDOT, 2014b). Over a five-year period, from 2009 to 2013, there were a total of 2,179 
MVCs (MaineDOT, 2014a). These collisions resulted in an estimated economic loss of $54 
million dollars (MaineDOT, 2014a). 

MVCs have been known to cause serious injury and even death to vehicle passengers. In 
general, MVCs are most abundant in the northern part of the state (Figure 5.6). This is likely 
a result of higher moose populations in that area (Wattles & DeStefano, 2011). From 2009 to 
2013, there were a total of 6 fatalities and 389 serious injuries, amounting to around 18% of 
total MVCs (MaineDOT, 2014a). 

A major debate regarding moose management is how to prevent moose from crossing 
roadways in areas that are more affected by MVCs. The biggest issue facing moose-vehicle 
collision management is whether to focus on increasing road safety or decreasing the moose 
populations in areas particularly vulnerable to HWC. In some management districts, moose 
permits have increased to control the populations where the species has become a hazard or a 
problem (MaineDOT, 2014b). According to the most recent Maine Department of Inland 
Fisheries and Wildlife (MDIFW) publication, current harvest levels may not be sufficiently 
addressing these issues (Morris, 2002). The aforementioned controlled moose hunt has been 
a recent management approach to better achieve population goals in WMDs characterized by 
high rates of MVCs.  

Although controlling moose populations is important for road safety management, increasing 
drivers’  ability  to  detect  potential  wildlife  hazards  is  also  essential.  Historically,  public  
outreach has been the main tool utilized by the state to reduce the number of road accidents 
involving moose. The MDIFW and Maine Department of Transportation (MaineDOT) have 
created public service announcements and utilized the media to increase awareness (Morris, 
1999; MaineDOT, 2014a). This approach has proven to be somewhat successful. The number 
of annual MVCs has decreased over the past decade by over 37%; however, these collisions 
continue to pose a threat to public safety, as they can be highly fatal (Fleming, 2013; 
MaineDOT, 2014a). 
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Figure 5.6 Points of moose-vehicle collisions in Maine between 2009 and 2013 
(Maine DOT 2014). 
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More recently, attempts to increase road safety have been the main approach to minimize the 
amount of MVCs that occur each year in Maine. The MaineDOT has spearheaded numerous 
mitigation projects in an attempt to reduce accidents on state roadways. The MaineDOT has 
collaborated with the MDIFW to identify possible management solutions to reduce MVCs. 
The MaineDOT has installed more ground signage warning drivers of areas known for high 
rates of MVCs and has cleared vegetation on the roadside to ensure better peripheral 
visibility (MaineDOT, 2014a).  

The MaineDOT has recently installed large moose warning signs with flashing lights that 
activate when a vehicle approaches. They have also installed reflector poles and motion-
activated street lamps that help to improve road visibility during dusk and dawn (Bayly, 
2014; MDOT, 2014a). Improving road visibility is crucial to improve driving safety, as 
around 80% of moose-vehicle collisions occur between dusk and dawn (Fleming, 2013). 
These projects have shown varying degrees of success so far, with some projects only 
minimally decreasing MVCs on roadways (Bayly, 2014). The high cost of investment, 
mostly associated with technology, has also limited the number of projects implemented to 
date. However, MaineDOT officials, in collaboration with other research and governmental 
organizations, are continuing to address road safety issues related to MVCs. 

Biological Threats to Moose Populations 
Moose populations are threatened by a number of different biological factors. There are three 
major parasites that can lead to moose mortality: brain worm (Parelaphostrongylus tenuis), 
winter tick (Dermacentor albipictus), and lungworm (Dictyocaulus spp.) (Morris, 1999; 
MDIFW, 2014e). Brain worm infestation almost always leads to death, winter tick infestation 
may potentially lead to death, while lung worm infestation does not often result in mortality. 
Recent data suggests that these parasites, specifically winter tick, are reducing moose 
populations in Maine and are more deadly than previously believed. Moose populations may 
crash if high tick abundance is coupled with harsh winter conditions and poor nutrition 
(Morris, 1999; Fleming, 2014b). Due to their small body size, calves are most affected by 
winter ticks and lungworms when overwintering for the first time (Gagnon, 2014). 

Currently, this influx of winter ticks is heavily impacting moose populations throughout the 
state. In the fall of 2013, state wildlife biologists recorded one of the highest tick counts in 
the past ten years (Fleming, 2014b). Climate change has been cited as one of the main 
reasons for the increase in ticks. Shorter winters have lengthened tick lifespan and boosted 
the winter tick population, which is killing off moose at an alarming rate (Fleming, 2014b; 
Gagnon, 2014). State biologists have seen a sharp decline in moose populations and, as a 
result, have reduced population numbers by around 10,000 individuals from 2012 to 2014 
(Whittle, 2014). 
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Comparison  of  Maine’s  Management  Approach  to  Other  States/Regions 
In the Northeast United States, the states of Maine, New Hampshire, Vermont, 
Massachusetts, Connecticut, and New York currently have documented resident moose 
populations (Wattles & DeStefano, 2011). New York, Connecticut, and Massachusetts are at 
the southernmost edge of moose habitat range in eastern North America, and, as a result, 
have lower moose populations than northern states and regions. In addition, Canadian 
provinces (New Brunswick, Quebec, and Nova Scotia) to the north of Maine also have robust 
moose populations (Table 5.3). 

Table 5.3 Moose Populations in Maine and Surrounding Area (MDIFW, 2014g; 
NHFGD, 2014; Wattles & DeDtefano, 2011; MDFG, 2014; NYSDEC, 2014; 
CBCNews, 2014; NCC, 2014). 

State/Region Estimated Population 
Maine 60,000-70,000 

Quebec, Canada 120,000 

New Brunswick, Canada 29,000 

New Hampshire 6,500 

Nova Scotia, Canada 1,000 

Connecticut 75 

Massachusetts 850-950 

New York 500-800 

Vermont 3,000-4,000 

Like Maine, Vermont and New Hampshire both have well-established and successful moose 
populations that are socially, ecologically, and economically important. In these states, 
moose are utilized for wildlife viewing, tourism, and hunting permits, all of which generate 
millions of dollars annually for state governments. Recreational wildlife activities, of which 
moose  are  a  central  attraction,  provide  around  $300  million  to  New  Hampshire’s  state  
economy and $600 million to Vermont’s  state  economy  (USDOI  et  al.,  2011a;;  USDOI  et  al.,  
2011b). 

However, both Vermont and New Hampshire are seeing significant declines in moose 
populations, likely due to parasite infestations. Vermont has seen a decrease from 5,000 to 
2,500 individuals between 2005 and 2013, while New Hampshire has seen a decrease from 
7,600 to 4,400 individuals between 1996 and 2013 (Pendak, 2013). Thus far, moose in Maine 
have been less affected by the winter tick than the populations in New Hampshire (Scheerer, 
2013). This is likely because the moose in New Hampshire are living in southernmost limit 
of their habitat range and are more likely to be attacked by warm-weather parasites like ticks. 
Although Maine has not yet experienced this significant impact, it may eventually become a 
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serious issue due to increasing tick infestations. This impending threat has led some Maine 
state  biologists  to  take  notice  of  the  issue  due  to  both  states’  close  geographic  proximities  
(Scheerer, 2013).  

Ticks are much less of an issue in the northern parts of moose territory, where temperatures 
are colder. In North America, the majority of moose territory is located in Canada. Although 
Canada provides ideal habitat due to its more northern latitude, Nova Scotia has seen a 
decline in moose populations and has even classified them as endangered in the region 
(CBCNews, 2014). This decrease in moose abundance has been linked to overhunting, 
parasitic influx, and loss of habitat (Evans, 2014). Although there have been several 
initiatives to protect the moose population and facilitate its regrowth, the population has 
failed to rebound thus far, possibly as a consequence of wildlife mismanagement. 

New Brunswick, Canada approaches moose management in a similar way to Maine. New 
Brunswick is divided into 27 wildlife management zones and each zone has a certain number 
of designated permit allocations (NBDNR, 2013). This is to ensure that moose hunting is 
evenly distributed and no local populations are excessively harvested. Like Maine, New 
Brunswick is subject to a significant amount of Moose-vehicle collisions (MVCs) per year. 
While Maine has sought to utilize new, advanced technology to improve highway safety, 
New Brunswick has taken another approach to the issue. New Brunswick, along with 
Quebec, has focused heavily on installing hundreds of miles of highway fencing to prevent 
moose from entering onto the roadway. The installation of this simple safety measure has 
been highly successful in reducing the number of MVCs on the highways (Bailey, 2014). 
Although Maine does have some fencing on highways, the installation of road fences has not 
been a major approach to reducing MVCs. 

Two Canadian government agencies, the New Brunswick Department of Natural Resources 
and the Nova Scotia Department of Natural Resources, are an example of the potential 
benefits of cross-governmental collaboration. In 2012, the two governments developed a 
conservation  plan  known  as  the  “moose  sex  corridor”  that  connects  Nova  Scotia  to  New  
Brunswick (CBCNews, 2014). The project seeks to encourage migration of New 
Brunswick’s  abundant  and  healthy  moose  population  to  mainland  Nova  Scotia  where  the  
moose has been labeled as endangered since 2003 (CBCNews, 2014). The goal is to facilitate 
easier movement by decreasing fragmented habitats as well as to preserve and increase the 
population of moose in the two regions. 

White-tailed Deer 
This section examines the current state of deer in Maine by looking at management plans and 
major issues related to the species. 
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A Brief History of Deer in Maine 
More has been written and studied about the white-tailed deer than any other species in 
Maine, although its arrival in the state only dates back to the early-mid 1800s (Banasiak, 
1961).  It  is  a  commonly  and  historically  held  belief  that  it's  the  deer’s northern arrival is due 
in part to the complete eradication of the wolf in Maine by the 1890s. In severe winters, 
wolves would have successfully hunted deer, but in their absence, deer are able to roam free 
much further north than their historical range (Allen, 1923). While human settlement of 
Maine moved north in the 19th century, people became the largest predator of deer in Maine. 
Since then, deer have become the principle big game species in Maine and a major addition 
to  the  state’s  economy,  with  most  recent estimates placing the value of the annual deer hunt 
at over $200 million a year in the late 1990s (MDIFW, 2011c). 

Early Deer Management in Maine: 1826 to 1919 
The first recorded attempt at deer management in Maine occurred in 1826, when the first 
official designation for a deer and moose hunting season was set up by the State – but there 
was no established bag limit until almost 50 years later in 1873, when the State implemented 
a three deer a year limit (MDIFW, 2009). Twenty years later, the State started the first 
attempt  at  a  licensing  system,  called  “The  September  Law”.  For  $4.00  for  a  resident  and  
$6.00 for a non-resident, hunters could kill one deer (for food purposes only) during the 
month of September (Carleton et al., 1900). At the time, the Maine Department of Inland 
Fisheries and Game (now the Department of Inland Fisheries and Wildlife (MDIFW)) 
recognized  the  need  to  conserve  Maine’s  fish  and  game  for  future  generations  (Carleton  et  
al., 1900). However, the Law was vastly unpopular amongst most game hunters of the time. 
They believed that it eradicated many of the deer that would have been available for taking at 
other normal hunting times, and thus it was repealed in 1901 – making it impossible to 
legally kill a deer for any purpose during the month of September (Carleton, 1901). In 1919, 
the State implemented the first resident hunting license, costing 25 cents. The license was 
legal for the lifetime of the registered hunter, and it was in this year where license totals and 
deer registrations were first recorded (MDIFW, 2009). 

Harvest Trends 
Peak deer harvests occurred in the 1950s, at a time when deer were relatively abundant 
(275,000 deer wintered in Maine in the late 1950s), and either-sex deer hunting regulations 
were in effect. At that time, annual harvests averaged 38,000 deer; hunters registered a record 
41,000 deer during 1951, 1959 and 1968. During more recent times, overall deer harvests 
have been lower, ranging from 18,092 annually to 38,153 deer over the past 15 years 
(MDIFW, 2013a). 
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Any-Deer Permit System 
In 1986, the MDIFW established the Any-Deer permit system, and it is the system which is 
still in place today. With the framework of the system, hunters who wish to kill either a doe 
or a fawn (any antlerless deer) must possess an Any-Deer permit, each of which is specific to 
one WMD. Permits may be issued in a more conservative manner within individual WMDs, 
such as allowing for bucks-only permits, to a more liberal manner, in which Any-Deer 
permits are issued to all who apply (Lavigne, 1999). This freedom of issuance within 
individual WMDs is intended to allow for the achievement of set population objectives on a 
district-by-district basis (Lavigne, 1999). 

Registrations 
Every harvested deer in Maine must be tagged and registered at one of the 450 registration 
stations  throughout  the  state.  For  every  deer,  the  hunter’s  name,  residence,  hunter’s  license  
number, permit number, date and time of license issue, date, time, town and WMD of kill, 
and sex/age class of the deer is recorded; then, a tag is attached to the deer and recorded. The 
data collected from these registration stations has allowed for statewide harvest levels to be 
recorded from 1919 to the present, town harvest summaries from 1939 to the present, and 
WMD harvest summaries from 1963 to the present as well (MDIFW, 2007) (Figure 5.7). 
However, the system is not without its faults. Recording errors and inaccurate sex and age 
designations are not uncommon, as registration operators receive no biological training, and 
registration data can be lost or turned in too late for analysis (MDIFW, 2007). 

2014 Hunting Season 

In 2014, the firearms season for deer hunting opened on November 3rd and closed November 
29th. Maine Resident Only Day occurred on November 1st, Youth Deer Day on October 25th, 
and Archery from October 2nd to October 31st. The Muzzleloader statewide season amongst 
all WMDs ran from December 1st to December 6th, and the Expanded Archery Season in 
designated areas ran from September 6th to December 13th. Any hunter with a permit may 
take only one deer with antlers longer than three inches between November 1st and December 
13th; hunters with Any-Deer permits could take any deer in designated WMDs. Additional 
deer during participation in the aforementioned Expanded Archery Season or by any hunter 
holding a bonus antlerless deer permit or superpack antlerless deer permit (MDIFW, 2014i). 

Hunting Success Rates 
Success rates of deer have fluctuated over the years; since the establishment of the Any-Deer 
permit system in 1986, hunting success rates have ranged from a low of 11.9% in the years 
between 1983 and 1989, which were years of transition between either-sex hunting and the 
new system. Hunting success rate is calculated by dividing the number of deer registrations 
by the number of hunters who participated in the season and multiplying by 100. Since 1990, 
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the deer population and number of have increased – thus increasing the success rate. Between 
1990 and 1996, statewide success rates increased from 13-16%, and in the years between 
1997 and 2003, the success rate was 18.2% (MDIFW, 2007) (Figure 5.8). Most recently, 
during the hunting seasons between 2011 and 2013, success rates have averaged 24.3%, but 
it is important to note that hunter success rates are currently estimated through random 
surveying of the hunting community. Thus, associated biases may be present and numbers 
may not be completely accurate; however, they are the best estimates currently available 
(Kyle Ravana, personal communication). 

 

Figure 5.7 Number of Deer Registrations in each Wildlife Management District in 
Maine for the 2013 Hunting Season (MOGIS, 2014; MDIFW, 2014). 
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Current Population 
The most recent data indicates deer occur in the highest density in Wildlife Management 
District (WMD) 29 at 22.3 deer/mi2. This WMD is located along the southern coast of the 
state and contains all coastal islands seaward of the first upstream bridge which are not 
connected to the mainland at low tide or by manmade structures (MDIFW, 2013b). 

 

Figure 5.8 Maine Deer Harvest Success Rates, 1930 to 1998 (MDIFW, 1999) 

Maine Deer Wintering Areas as Critical Habitat 
Currently,  94%  of  Maine’s  land  area  (excluding  developed  parts  of  the  state)  is  considered  
deer habitat (MDIFW, 2014i). Areas appropriate for wintering habitat, however, comprise 
dense conifer stands with trees of heights greater than 35 feet and crown or canopy closure 
greater than 60% have been found to intercept and reduce snow depths by 40% compared to 
hardwood stands of similar height and crown closures; their needles catch more snowflakes 
than the hardwood branches (MDIFW, 2011a). These deer wintering areas (DWAs) provide 
critical habitat and protection for deer at the northernmost limit of their range in Maine, 
where, in severe winters, mortality throughout the season may reach as high as 30%, with 
average winter mortality rates around 10%. Deer utilize wintering habitat for approximately 
three to five months every winter, when snow depths exceed 12 inches. Deer movement is 
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considered restricted when snow depths exceed 16 inches, allowing for increased predation 
by coyotes, bobcats, and humans alike. Protection of critical wintering habitat is a major 
focus  of  the  Department’s  deer  management  activities,  as  in  Maine  winter  severity  is  the  
greatest factor causing deer mortality (MDIFW, 2011b).  

Loss of Deer Wintering Area 
In northern Maine, DWAs are larger but more widely spread than those in southern Maine 
(Figure 5.9).  During the 1950s, 12% of the area in northern and eastern Maine contained 
optimal deer wintering habitat (amounting to almost 900,000 acres) and deer used more than 
2,900 individual wintering areas (Ditchkoff et al., 2002). Deer overpopulated and 
overbrowsed those wintering areas because of the relative abundance of the white-tailed deer 
in the area  (Lavigne,  2011).  Zoning  by  Maine’s  Land  Use  Planning  Commission  (LUPC)  for  
white-tailed deer formally protects approximately 190,000 acres (2-3% of land area) of 
DWAs. Since 1975, the mature, dense conifer habitat upon which deer rely for protection in 
winter has declined by 50% from 10% to 5% despite the zoning efforts (Harrison, 2008).  
From 1974 to 1988, a spruce budworm epidemic decimated the deer wintering areas, 
damaging around 9 million acres of spruce-fir forest and killing 21% of all fir trees in the 
state  (Lavigne,  2011).  Logging  increases  of  softwood  forests  and  deterioration  of  the  state’s  
balsam fir stands have further contributed to the land area decrease. With the removal of 
these forests comes increased snow depths, which in turn decrease deer mobility; with this 
decreased mobility comes malnutrition and increased levels of predation (MDIFW, 2007). As 
DWAs continue to decline in both quality and quantity, snowfall levels in Maine winters are 
increasing; the winter of 1971 alone caused a 35% decline  in  Maine’s  deer  populations,  and  
three more of the most severe winters of the past 60 years occurred in 2001, 2007, and 2008 
(MDIFW, 2011c; Lavigne, 2011). 

Providing Food for Survival 

During the winter months, deer depend on their fat reserves and energy expenditure 
minimization to survive. The leaves of the northern white cedar trees are able to sustain deer 
during this time, but in the absence of white cedar, litterfall, comprising twigs and lichens, 
can act as a secondary food source – accounting for  almost  50%  of  deer’s  winter  diet  in  
certain cases (MDIFW, 2011a). While deer assemble in these yards for protection and food, 
they are physically unable to increase or even maintain the body weight accumulated over the 
previous year. Travel corridors created and maintained by wintering deer play an important 
role in energy and calorie conservation, as the less calories the deer exert to move to areas of 
new browse and litterfall, the more calories they can conserve (Wiley et al., 2010). To be 
successful winter habitat for deer, DWAs require travel corridors within and among them. 
Traditionally, travel corridors for deer follow along streams, ridgelines, and valleys, and are 
wide enough to provide sheltered travel ways as well as to provide a direct route to other 
winter shelter habitat with more available browse (MDIFW, 2011a). Reduction of the quality 
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of DWAs has a direct effect on deer survival in winter months; records from the MDIFW 
indicate that mortality rates among deer in winter months have increased at similar levels of 
winter severity over the past three decades in northern and eastern Maine (Lavigne, 2011). 

 

Figure 5.9 Deer Wintering Areas (MOGIS, 2014). 
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The Winter Severity Index 
The  Winter  Severity  Index  (WSI)  is  “a  numerical  index  that  utilizes weekly measurements of 
snow depth, deer sinking depth in snow, and temperature using a formula that relates to 
relative  mobility  in  yarding  areas,  and  the  impact  of  low  temperatures  on  deer”  (Lavigne,  
2011). There is a trend between the location of a WMD and its WSI – this makes sense 
considering the fact that as one moves north, winters tend to be colder and have more 
snowfall at higher latitudes. However, the intensity of winter in any given area leads to the 
assumption that the further north and the more intense the winter, the more of a need for 
quality wintering habitat for the deer that do live further north. 

Impacts of Deer-Vehicle Collisions in Maine 
Deer-vehicle collisions (DVCs) between 2006 and 2010 in Maine accounted for 14,852 
reported crashes, or 80.6% of total animal collisions during the study time. Although none 
were fatal to drivers, many did result in human injuries ranging in severity from minor to 
incapacitating. In addition to human and deer injury, deer crashes over the five-year span cost 
the State an estimated $54 million dollars, over 40% of the entire economic loss to Maine 
due to animal crashes (MaineDOT, 2011). 

Incidents 
The number of DVCs in Maine peaks in June and November. Annually, deer mortalities due 
to collisions with motor vehicles have fluctuated between 2,500 and 4,000 deer statewide 
over  the  past  decade  (MDIFW,  2011c).  November  is  known  as  “Deer  Collision  Month”  in  
Maine due to the change from feeding to breeding season and accounts for over half of 
Maine’s  deer  collisions (MaineDOT, 2014a; MDIFW, 2013a). In 1982, only 1,800 deer 
deaths from vehicle collisions were reported, but in 1998 the number of reported incidents 
jumped to more than 5,600 (Lavigne, 1999). The decrease in reported incidents since 2000 
may be because of the decreased deer population in recent years, or the extreme severity of 
the aforementioned winters of 2001, 2007, and 2008 since trends in road-kills parallel trends 
for deer populations (Sage et al., 1983). However, population density is not the only source 
of increased or decreased deer-vehicle collisions; road density, traffic volume, development, 
and speed limit all influence the risk of collision (Lavigne, 1999).  

Reporting Discrepancies 
Many deer mortalities and collisions are never reported to the Maine Department of 
Transportation; thus, it is difficult to discern what the true cost of vehicle collisions is to the 
deer population. Deer killed in DVCs represent additional losses to the deer population of 
Maine and they also reduce allowable harvest during the hunting season (MDIFW, 2011c). 
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Common Collision Areas 
The majority of deer collisions in Maine occur in the southern area of the state. This may be 
due to a number of factors. The population density in northern Maine is significantly less 
than that in southern Maine and along the coastline, averaging between 1-19 people per 
square  mile  compared  to  the  south  and  the  coastline’s  20-500 people per square mile, thus 
resulting in more cars on the road and more opportunity for deer-vehicle collisions to occur 
(US Census, 2010). The road density in the south is therefore also higher (Figure 5.10). Deer 
densities are also higher along the coastline and in the southern area of the state, with 12-15 
deer per square mile along the coast and 17-22 per square mile further inland compared to the 
northern density of 2-4 deer per square mile (Kantar, 2007). 

Chronic Wasting Disease (CWD) 

Chronic Wasting Disease (CWD) is a fatal prion (neurological) disease of North American 
ungulates first described in the 1970s (Gilch et al., 2011) Since its establishment as a disease, 
CWD has increased numerically and spread geographically, reaching infection rates as high 
as 50% in free-ranging and 90% in captive deer herds in areas of the US and Canada. It is the 
most contagious prion infection affecting deer and is spread through contact with urine, 
feces, and/or saliva of an infected individual (Gilch et al., 2011). No cure exists, and once 
detected within a population, management usually entails drastic population reductions and 
culls. Detection stems primarily from the testing of hunter-killed individuals, as the price of 
collecting the deer is already paid by the hunter, the animal is already dead, and samples can 
be readily collected from an extensive geographical area (Diefenbach et al., 2004).  

Symptoms  include  chronic  weight  loss,  “[isolation  from]  herd,  listlessness,  blank  facial  
expression,  head  drooping,  loss  of  muscle  control,  …  hyperexciteability,  nervousness,  …  
hypersalivation, teeth grinding, increased urination  and  drinking  lots  of  water”  (7  MRS  
§1821). 

While Maine has remained free of the disease as of yet, in 1999 legislation established a 
Maine Chronic Wasting Disease Surveillance Program, intended to detect the presence or the 
absence of the disease in Maine’s  captive  deer  populations,  prevent  the  introduction  of  
infected deer from other states, and to eradicate CWD from captive populations if it should 
be found in Maine (7 MRS §1821). Six to eight-thousand deer are tested annually in Maine, 
and no deer has tested  positive  since  the  Program’s  inception. 
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Figure 5.10 Points of deer-vehicle collisions in Maine between 2009 and 2013 
(Maine DOT, 2014). 
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Predation 
The principal carnivorous predator of deer in New England is the coyote. Once wolves were 
extirpated from the area, coyotes are widely believed to have taken their place. Coyotes use 
the herding tendencies of deer within DWAs to their advantage, preying in and around the 
areas containing fragmented deer populations in the winter months. The vulnerability of deer 
to coyote predation increases in the winter months when deeper snow and their delicate 
nutritional situation preclude them from quickly escaping the predator (Pekins & Tarr, 2008). 
Coyotes usually avoid hunting adult deer outside of the winter months and prey instead on 
fawns and smaller deer; coyotes may account for nearly 50% of fawn mortality in the first 
year (Long et al., 1998). 

Black bears are also well-known predators of newborn fawns, while very occasionally 
preying on adults (Harrison, 2007). In North America as a whole, bear predation may 
account for 20-60% of all fawn mortality in the warm summer months (MDIFW, 2011c). 
Black bear predation on deer fawns is traditionally limited to the first one to two months of 
life (Côté, 2005). 

Analysis and Discussion 
Our research exposes the ambiguity of management across big game species in Maine. In 
comparing our case studies we identified several factors that contribute to the state of big 
game in Maine. 

Economic Implications 
Big game species help provide considerable revenue for the State; residents and nonresidents 
alike spend money for licenses, hunting equipment, guides, and lodging in order to achieve 
the ideal Maine hunting experience. The $175 million in annual revenue from big game 
hunting is  vital  to  Maine’s  economy  and  the  loss  of  this  source  of  income  would  be  
devastating for the State (MOT & MDIFW, 2014). This has been, and continues to be, a 
major topic of discussion throughout the state.  For example, opposition for the 2014 Bear 
Referendum was largely driven by a fear of revenue loss by those who profit from the 
hunting, baiting, and trapping of bears. In addition, both deer and moose hunting permits 
have been reduced over the past few years. Some fear that the limited availability to obtain 
the means of legal hunting will result in a decrease in economic revenue. Deer hunting alone 
brings in over $100 million in revenue annually (MOT & MDIFW, 2014).  

However, not all aspects of big game management are of economic benefit to Maine and its 
citizens. For example, wildlife-vehicle collisions are a major issue in regards to the 
management of deer and moose. These collisions often result in significant damage to 
vehicles, causing unnecessary financial burden on car owners.  Additionally, bears are often 
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involved in destruction of personal property and are frequently the center of nuisance 
complaints. They have been known to destroy birdfeeders, rummage through household 
waste, and prey on family pets. 

Social Implications 
Even before the arrival of European settlers, big game were hunted by the Native Americans 
who lived throughout Maine. Generations of Mainers have continued to carry on hunting 
traditions as a form of family tradition. Many Mainers fear the loss of their rights to certain 
hunting methods. Socially speaking, Mainers are invested in the state of big game species as 
a means to preserve their livelihoods.   

Big game species are also iconic species in Maine. As the state animal, Moose represent 
more than a sporting trophy, they symbolize the pride in the Maine wilderness of the past, 
present, and future. Likewise, the Maine black bear has risen from being used as a source of 
amusement to a species that commands respect.  

Maine’s  big  game  attracts  hunters  from  across  the  country  to  try their luck at bagging such 
recognizable species as moose or bear. Therefore, hunting regulations inherently link Maine 
to neighboring states, which can be seen in the case of the black bear. If Maine restricts 
methods on hunting, out-of-state hunters may change their hunting destinations and/or other 
states may choose to adopt the regulation changes of Maine. 

Scenarios 
While we do not know what the future of Maine will look like, scenarios are one tool that can 
help to envision the ways in which certain policy responses can affect big game species. 

In  this  section,  we  provide  three  different  scenarios  for  the  future  of  Maine’s  big  game  
species. There are a number of variables that are important to consider for the future. One 
major factor that will influence the populations of big game in Maine is the effects of climate 
change. Temperatures are likely to change and habitats will be altered. Our scenarios all take 
into account the likely and inevitable effects of climate change. In Maine, the black bear, the 
moose, and the white-tailed deer are facing a diversity of threats, including increasing 
temperatures, changing forest species, and increased mortality due to parasitic infestations. 

The following scenarios are based on variables that are central to wildlife management: 
hunting regulations and habitat conservation. 

If  It  Ain’t  Broke,  Don’t  Fix  It 
Maine maintains the status quo and continues to abide by the Maine Department of Inland 
Fisheries  and  Wildlife’s  (MDIFW)  current  wildlife  management  practices.  If  the existing 
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approach to big game management remains the same, based on current trends, it is likely that 
bear populations will increase while deer and moose populations decline. 

Maine’s  bear  populations  continue  to  increase  because  current  management  efforts have not 
met  the  MDIFW’s  ideal  population  goals.  As  a  result,  the  number  of  reported  human-wildlife 
conflicts (HWCs) involving bears continues to rise and become an even bigger problem for 
the public. By maintaining status quo,  Maine’s  moose  and  deer  populations continue to 
decline. For moose, the influx of winter tick populations is not addressed and subsequently 
decimates  the  state’s  populations.  With  the  amount  of  allotted  moose  hunting  permits  
remaining stable, the added pressure of recreational hunting causes an even greater reduction 
in population numbers. Deer are at the northernmost portion of their range in Maine. As 
winters become much harsher for the populations, deer are killed or migrate to other regions 
with suitable habitat. Additionally, as bear populations continue to increase, bear predation 
on fawn and moose calves intensifies. As a result of this new threat, deer and moose 
populations are diminished even further. 

Oh Deer…  I  can’t  Bear the Thought of Moose-ing Big Game 
Species 
The MDIFW loosens the regulation on hunting big game species throughout the state. Strict 
hunting policies are reduced and replaced with more relaxed policies. The lengths of the 
hunting seasons are increased to allow for higher success rates. More permits are added to the 
hunting lotteries and hunters are allowed to hunt by any means and with a larger bag limit. 
The  state’s  increasing  incentives  for  hunting  these  big  game  species  was  prompted  by  the  rise  
in reported nuisance complaints and human-wildlife conflicts. 

Currently, Maine caps permits in order to limit wildlife harvesting and maintain target 
populations.  Previous  experience  in  Maine’s  history  has  shown  that  with  an  increase  in  
season length or in the number of permits allotted, big game population number can be 
drastically reduced. Specifically, moose and deer were nearly hunted to extinction before 
harvest regulations were established. Bounties were put on bears and the population was 
nearly wiped out. If the State does not maintain stringent hunting regulations, we could 
diminish big game populations to near extinction once again.  

S.O.S. (SAVE OUR SPECIES!) 
Maine decides to increase habitat conservation efforts to better supplement big game and 
wildlife management. 

Currently, a national park is being proposed for the Maine North Woods and it is very 
possible that this will be instituted. After a long process, the U.S. federal government 
ultimately  establishes  the  country’s  newest  National  Park  in  Maine.  With  this  National  Park  
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designation and additional state and private conserved lands, the area becomes a no-hunting 
zone and thus reduces the overall hunting of big game in Maine as the areas that allow for 
legal hunting are decreased. There is an increase in habitat availability for the three species 
and as a result, the populations increase. The maturation and growth of this forest would 
provide the opportunity for these species to move into new territories of habitat. The park 
may be even bigger than expected if plans proceed forward. This would mean that more land 
is under protection and hunting-free zones are further expanded. 

While this scenario may benefit big game in Maine, it may be too late to save some species 
in the state. In addition to other factors, the powerful effects of climate change may just be 
moving certain animals, like the moose, out of Maine in general. But what is bad for moose 
may be good for deer or bear, as there is some competition for habitat space between the 
species. As moose move north into Canada to seek more ideal habitat, deer and bear may 
overtake the habitat previously occupied by moose. With the additional stress of ticks, we 
completely wipe out any moose left in the state. However, increased habitat conservation and 
a reduction of hunting permits may actually help to retain a few individuals in the state. 

Conclusions and Recommendations 
Maine is home to a diversity of wildlife that are economically significant and play an integral 
role in the statewide ecology. The management of wildlife that are classified as game species 
are influenced by a mix of politics, ethical values, and scientific studies. The MDIFW 
incorporates citizen stakeholders in the management of big game through the creation of 
councils such as The Public Working Group. Taking into consideration the consequences of 
inappropriate management that occurred in the early 20th century, (e.g. no bag limits and 
bounties) that led big game population to plummet, the MDIFW has created hunting 
regulations that fluctuate with species population. 

Precise population estimates of big game are needed in order to form comprehensive 
management plans. However, as is presented in the case study of moose, approaches to 
obtaining these estimates are often ambiguous and unclear. Game species are often well 
camouflaged within their respective habitats. Species like the black bear are shy and highly 
elusive to the human eye, especially in a habitat like a forest canopy (Tighem, 2013). 
Technological advancements and increased visual surveys (e.g. double count technique and 
use of helicopters) can contribute to accurate population estimates while simultaneously 
minimizing human-wildlife conflicts. 

Game registration in Maine reflects the impact of urban sprawl and environmental climate on 
the population distribution of bear, moose, and deer. Unlike deer, bear and moose are 
genetically engineered for the cold and can avoid the human development of southern Maine 
by choosing to live in northern habits. Therefore human-wildlife minimization initiatives, 
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such as wildlife-vehicle collisions prevention programs, are required to consider the different 
patterns in spatial relations among big game species. 

The 2014 bear referendum and moose/deer vehicle collisions exemplify the difficulty 
involved in balancing the needs among stakeholder groups (hunters vs. animal rights 
activists) and between citizens and wildlife (automobile drivers vs. moose/deer). These 
constant clash of lifestyle values are possibly the biggest driver of change when it comes 
management policies of big game species. Therefore, in addition to be being defined by state 
legislature, the future state of big game species is heavily influenced by the opinion of the 
everyday citizen.  The MDIFW will need to prepare for future debates over hunting methods, 
such as another bear referendum, as well as other factors that can affect the population of 
game species. This includes habitat loss and biological threats to health that should be 
especially be taken into account when allotting hunting permits to deer and moose. 

Maine’s  current  management plans for bear, moose, and deer are established through the end 
of 2015. In the near future, the Maine Department of Inland Fisheries and Wildlife (MDIFW) 
will establish an updated, relevant, and effective plan for each species. 

Based on our research, we suggest the following recommendations for big game management 
in Maine: 

Reduce Human-Wildlife Conflicts 
Human-wildlife conflicts (HWCs) continue to be a major aspect of big game management. 
The various governmental departments involved in wildlife management, such as the 
MDIFW and Maine Department of Transportation (MaineDOT), should continue to 
collaborate with various stakeholder groups to develop innovative technology (such as road 
lighting) or install simple physical barriers, such as highway fencing, to minimize wildlife-
vehicle collisions (WVCs). The expansion of research on and implementation of measures to 
reduce WVCs would require increased funding and capital investment from State officials. 
The proactive investment in WVC reduction approaches would help to diminish the major 
negative economic consequences of these crashes for the public. Future moose management 
planning may also need to change the designation of moose management areas. Currently, 
the WMDs characterized by high rates of moose-vehicle collisions (MVCs) are designated as 
compromise areas rather than road safety areas. These WMDs may benefit from increased 
focus on road safety efforts.  

Wildlife management officials should continue to develop more advanced approaches to 
reduce HWCs. Since a major concern with black bears is public nuisance complaints, it is 
crucial that state officials appropriately address these recurring issues. We suggest that the 
state introduce subsidies to reduce the cost of innovative tools that reduce HWCs on private 
property (such as bear–proof garbage cans and dumpsters) as a means to reduce the number 
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of nuisance complaints. The funding for these subsidies could be taken from the sale of 
hunting licenses or from the Maine Outdoor Heritage Fund (MOHF). 

Public education is incredibly important in order to reduce HWCs. For example, black bear 
activity is highly misunderstood by the public. Some citizens believe that bears are a direct 
threat to their safety; in reality, however, bears are a timid animal and tend to avoid human 
interaction. There have only been three injuries (and zero fatalities) reported from black bear 
attacks in Maine in the last three decades (Holyoke, 2010). Additionally, public education 
would help to inform citizens of big game hunting regulations and ways to avoid WVCs, 
especially with deer and moose. 

Collaborative Wildlife Management and Policy Formation  
Big game management policies require the input from various stakeholders and individuals. 
To improve upon current big game management in Maine, wildlife officials should 
collaborate with other governmental wildlife management departments as well as with the 
public. Management seeks to balance the needs of all stakeholder groups. 

The importance of policy collaboration between various governmental organizations can be 
seen in the management of moose. In general, the MDIFW should collaborate with 
governments of other states and regions directly adjacent to Maine. State and national 
boundaries are permeable and moose habitat extends across these various regions. 
Collaborative policy should be considered a feasible approach to management. This includes 
the states of New Hampshire, Vermont as well as regions in Canada (New Brunswick, 
Quebec, and Nova Scotia), where management plans are well-established and have been in 
place for several decades. Public participation and engagement from various stakeholder 
groups has been highly influential in the establishment of management policies (Kantar, 
2011). 

Collaboration with the public is also important to achieve successful management strategies. 
The notion of reducing big game species, especially moose populations, can be fairly 
controversial amongst the public. Although there is a high risk of MVCs, public opinion 
suggests that most residents do not favor a large-scale reduction of moose population along 
the coast (Morris, 2002). Management plans should seek to maintain a balance between the 
desires of hunters and wildlife watchers in Maine. The moose is a historic symbol and a 
significant icon of Maine.  

Black bear baiting, hounding, and trapping should be outlawed in the State. This would 
require collaboration with other states that have already banned these forms of hunting and 
seen no negative impacts. Other states, including Washington and Oregon, have 
demonstrated that these inhumane methods are not necessary in order to maintain a healthy 
bear population. 
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Create Adaptive Management Policies 
To better provide proper management for big game species, Maine wildlife officials must 
think proactively about climate change. Climate change threatens the future health and 
biodiversity  of  Maine’s  ecosystems.  Climate  change  will  greatly  increase  the  vulnerability  of  
approximately one-third  of  Maine’s  wildlife  species,  including  the  moose,  which  has  been  
categorized as highly vulnerable (Whitman et al., 2013).  

Maine wildlife officials must establish a comprehensive and robust state-level climate change 
adaptation plan. Mitigation strategies are useful when looking at the long-term health of big 
game species. Successful adaptation to changing conditions requires collaboration between 
various stakeholder groups including hunters, wildlife viewers, and wildlife agencies. An 
effective plan requires management that focuses on adapting to increases in temperature, 
extreme weather events, and increased precipitation. Funding for these conservation efforts, 
which would likely come from the MDIFW and the USFWS, are critical for future planning. 
Without the necessary economic support, adaptive management approaches will not be 
helpful. 

State wildlife officials should protect and maintain forest and wildlife habitat in the state. 
This would benefit big game species two-fold. First, the forests act as a natural carbon sink 
that would help to limit carbon emitted into the atmosphere, which is a major driver of 
climate  change.  Second,  the  protection  of,  and  possibly  the  expansion  of,  big  game  species’  
habitats would provide the animals with a better opportunity to adapt to a changing 
environment. Maine wildlife officials should use science-based approaches to assess the 
climate-related vulnerabilities of big game species and implement conservation strategies that 
specifically target the needs of each individual species. It is especially important to maintain 
or restore connections between winter and summer ranges and to enhance habitat corridors 
between individual populations. 

Wildlife managers may need to readjust desired population targets to better account for the 
indirect impacts of climate change (the increase in big game fatalities by parasitic infestation, 
for example). The adjustment of hunting licenses should be considered for future 
management. The state should continue to monitor and evaluate allotted big game hunting 
permits on a seasonal basis to prevent the over-harvesting of the populations. Continuing to 
allot hunting permits on a singular Wildlife Management District basis can allow for more 
easily met population density goals. More policies should be created that ensure populations 
are meeting the goals set by the MDIFW and would create stable populations of big game. 

We also suggest that state officials focus on the conservation of critical deer wintering habitat 
to  protect  the  population  form  mortality  during  Maine’s  winter  months.  It  is  critical  to  
manage human access and minimize development when milder winters lead to increased 
access to wintering habitat areas.  
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Due to climate change, ideal moose habitat is likely moving northward and Maine would no 
longer provide a suitable environment for the moose. Management practices should seek to 
ensure that Maine remains a somewhat suitable habitat for moose in order for the species to 
reside in the state. 

Management plans should also seriously consider the importance of outside factors, such as 
biological influences, affecting big game species. Although management efforts do take this 
into account, biological factors should be given even more attention in establishing future 
management strategies. Future management plans should include an approach such as the 
implementation of biological control mechanisms to better protect the  state’s  big  game  
population.
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