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EXECUTIVE SUMMARY

With ‘Maine’ and ‘seafood’ being practically synonymous, predicted 
warmer temperatures that will occur in the Gulf of Maine do not bode 
well for the industry. As a way to mitigate the economic impact that would 
currently shake the state of Maine if it were to crash, shellfish aquaculture 
is an increasingly popular alternative to wild-catch fisheries. As the popu-
larity of aquaculture increases, there is an urgency to ensure that aquacul-
ture sites are selected and developed sustainably with an understanding of 
how these farms impact the surrounding environment, both at the surface 
and submerged. The oyster industry in Maine is growing ever faster, so it is 
essential for the state to identify and codify an ecosystem-based manage-
ment approach well in advance of what may be a major boom, comparable 
to the recent lobster boom, in these fragile coastal environments. This calls 
for structuring an ecological and biological framework, as well as melding 
together models to incorporate physical, social, economic, and ecological 
variables in defining and identifying sustainable paths forward.

THE REALITY

Rising Temperatures Bad for Maine’s Lobsters
Maine’s Department of Marine Resources (DMR) recorded that lob-

stering accounted for 76.2% of the total commercial landings in Maine in 
February 2018.1 
Although the 
lobster industry 
has been expe-
riencing a long 
boom, it may 
not remain this 
way for much 
longer. Over the 
last half decade, 
lobsters have 
been migrating 
further north 
towards cool-
er waters. If 
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the Gulf of Maine keeps getting warmer, lobsters 
will continue to move further north into Canadian 
waters, leaving American fisherman out of luck. Any 
lobster populations that do remain in the warmer 
waters at lower latitudes must survive the growing 
cultures of disease, bacteria, and parasites that will 
grow and spread faster in warmer waters. 

Maine’s Growing Aquaculture Industry 
Promotes the Economy

Maine’s coastline has quickly developed as a driver 
of aquaculture production in the United States, but 
most aquaculture farmers in Maine are new to the 
industry.2 Aquaculture in Maine has great potential 
for economic gain, and the uncertainty of the future 
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of lobstering, due to increasing water temperatures 
in the Gulf of Maine, has fisherman looking to a 
more sustainable, long-term industry: oysters.

Harvesting of wild fish and mollusk populations 
cannot match the increasing demand for seafood. 
Aquaculture has the potential to help fill this gap. It 
is estimated that 62% of food fish will be produced 
by aquaculture by the year 2030, which will require a 
70% increase in global production.3  

Shellfish aquaculture is a sustainable and profitable in-
dustry, but with many fisherman turning towards aqua-
culture, the rivers and estuaries in the Gulf of Maine, 
such as the Damariscotta and New Meadows rivers, are 
becoming heavily populated with oyster farms.

As noted in a GMRI-funded farmed shellfish 

market analysis, “[t]he vast majority of U.S. oysters 
are sourced via aquaculture from numerous coastal 
regions across the United States. Aquaculture makes 
up an estimated 95%+ of all oyster production in the 
U.S.”4 Consumers pay a premium price for Maine’s 
high-quality, cold-water oysters. Maine’s oyster pro-
duction has more than doubled over the past decade 
and is projected to double in value by 2030.5 

Aquaculture Leases Densely Populate the 
Damariscotta and New Meadows River 

These protected rivers are highly productive areas 
for growing shellfish. This raises the concern of carry-
ing capacity and whether the ecosystems within these 
rivers have a maximum density of oyster aquaculture 
plots that they can support without negative impacts.
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 -  The public’s use of public infrastructure  
     within 1,000 feet of the site boundaries
• And abides by standards, as determined by 
   the commissioner and the DMR, for:
 -  Lighting
 -  Noise
 -  Visual impact

Ecologically Sustainable Carrying Capacity          
Depends on Biomass Density Relative to 
Abiotic Factors

As individual models are not holistic representa-
tions of the environment on their own, combining 
ECOPATH, ECOWIN, and Landsat 8 is necessary to 
reach a balance. ECOPATH looks at the biomass of 
the food matrix of an individual ecosystem as well 
as scope of growth to determine what the biomass of 
organisms that share the same trophic level would 
be.7 ECOWIN takes a spatially-oriented look at bio-
geochemistry and population dynamics to examine 
specific growing sites.8 Landsat 8 measures tempera-
ture, turbidity, and chlorophyll-a levels. Combining 
the findings of the three models should yield a com-

Maine’s Current Licensing Framework
Aquacultural development in Maine is regulat-

ed and monitored through an extensive licensing 
program. Aquaculture licenses can be considered in 
three levels, each level requiring a greater extent of 
review before a decision is given.

1. Limited Purpose Aquaculture (LPA) License 
 for max. 400 sq. feet
2. Experimental Lease for max. 4 acres
3. Standard Lease for max. 100 acres
It is the responsibility of the applicant to locate 

and determine a site that appears to be fit for aqua-
cultural development. All sites must demonstrate 
compliance with the following criteria, as explained 
in the DMR brochure, Marine Aquaculture in Maine:

•  No obstructions to:
 -  Navigation
 -  The coming and going of riparian 
     landowners
 -  Fishing and other uses of the area, 
     including other shellfish operations
 -  Ecologically significant habitat 
     and/or marine life

Lease type Size Duration Cost Restrictions Site Visit Public 
Hearing 

Limited Pur-
pose Aquacul-
ture License 

400 ft2 1 year $50 Species and gear No No

Experimental 
Lease

Up to 4 
acres

Up to 3 years $100 + 
$100 per 
acre

Cannot be renewed Yes No

Standard Lease Up to 
100 acres

Up to 20 years $1,500 + 
$100 per 
acre

Written permission 
from “every riparian 
owner whose land to 
the low water mark 
will be actually used” 

Yes, and an 
environ-
mental eval-
uation 

Yes

Table 1  A brief breakdown of the three lease options available in Maine, and the limits of each.6
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prehensive understanding of the ecosystem.
The methodology used to grow the oysters will 
impact the ecological carrying capacity; the floating 
and bottom growing sites offer different spatial vari-
abilities. For example, during the 2010 outbreak of 
MSX, floating oyster aquaculture plots were signifi-
cantly less impacted than the benthic plots.9

THE CHALLENGES

Lack of Continuous Monitoring of Nutrients Levels 
in Water Bodies

For the past thirty-five years of aquaculture in 
Maine, the primary research done to establish if 
an area is suitable for oyster aquaculture has been 
through the use of a fluorometer as a way to mea-
sure if there is enough initial nutrients to host a 
farm and if the amount of water that flows through 
the area is enough to support filter-feeding oysters. 
If the initial chlorophyll-a level is acceptable then, 
ecologically, the plot is deemed suitable for aqua-
culture. Periodic readings may be taken again but 
are not required.10 This could present an issue along 
densely populated water bodies in the summer when 
the water is warmest and diseases spread most easily. 
Analysis of other abiotic factors has not been exam-
ined; if they have, and provide recommendations for 
perspective farmers, this information is not easily 
available.

The Limits of Social Carrying Capacity
There is little support from the State for oyster 

farms interested in applying for an experimen-

tal lease or upgrading to a standard lease. It is an 
expensive process, and oftentimes the required site 
visits are scheduled during the fishing season, mean-
ing that the applicants must take time out of their 
season to be present for the site visit, or they may 
have to wait another year to have their site scoped 
out.11  Some of the biggest opponents of aquaculture 
leases are riparian landowners. They are worried 
that the distortion of their view and increased noise 
that comes with industrial scale aquaculture will 
decrease their property values.12 Oyster aquacultur-
ists, on the other hand, are frustrated that riparian 
landowners who spend only a few months out of the 
year in vacation homes around Maine are protesting 
business ventures that would benefit Maine’s econo-
my throughout the year.13

THE SOLUTIONS

Reimagining the Leasing Process
Maine’s leasing process parallels that of the le-

gal process in court, an adjudicatory process. This 
allows the State to practice a degree of consistency 
throughout the licensing process, but it comes at a 
cost to the community--both to those applying for 
and supporting the lease and those challenging it.
Better farmers, better farms. The State of Rhode 
Island requires that the applicant for an aquaculture 
lease prove “the capability of the applicant to carry 
out the proposed activities.”14 The State of Maine 
has no such requirement. By vetting both the lease 
and the applicant explicitly, the State then has the 
potential to capitalize on the positive repercussions 
of each individual lease by making them standard 
leases and lessening potential plot failures due to 
inadequate cultivation. Experienced farmers that 
are known to have developed healthy management 
practices are better prepared to run a business that 
meets the demands of the community, leaving the 
community more likely to support future aquacul-
ture development.
Where to wash. Both riparian landowners and con-
servation groups have cited the noise and discharge 
from oyster cage washing as sources of pollutants to 
the environment. Landowners argue that the loud 
power-washing and discharge produce noise pollu-
tion and water pollution, negatively impacting their 
quality of life. Conservation groups have argued 
that the discharge from the cages being washed 
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damages eelgrass beds in the estuaries.15 In order to 
mitigate the impact on riparian landowners living 
near a proposed lease, the State may consider man-
dating that cages, when used, be washed off-site, as 
has been proposed by landowners and fishermen in 
prior lease public hearings. This would help reduce 
noise disturbances in the area, as well as reduce the 
accumulation of cage discharge into the waters of 
the estuary. 
Leasing for the future. Each application is con-
sidered independently of other leases in the area 
and, given the absence of scientific environmental 
models, independently of future environmental 
impact of the lease.16 Though there is a component 
of biological and ecological testing at each site, there 
lacks a component that considers the biological and 
ecological impact of the lease five years out from the 
opening of the oyster farm. Integrating modeling ap-
proaches, such as ECOPATH, ECOWIN, and Land-
sat 8 can help predict these future impacts. There is a 
growing field of research that aims at reconciling the 
social and economic impacts with the biological and 
ecological impacts in order to create a comprehen-
sive picture of future pros and cons.17 This approach 
builds a true analysis of the long-term sustainability 
of adding one oyster farm after another.

Models, Monitoring, and Methods
Developing the model. Currently, the biological test-
ing conducted for standard leases includes checking 
chlorophyll a levels of the water and the filtration 
rate of the oyster species to be farmed, two danger-
ously simple metrics that only test for the viability of 
an oyster farm.18 By developing a model that com-
bines the acceptable biomass limit as determined by 
ECOPATH, the biogeochemical parameters most 
conducive to healthy, sustainable growth as deter-
mined by ECOWIN, and strategic monitoring of 
changing environments using Landsat 8 imagery, 
the State can develop a more dynamic and sustain-
able definition of oyster aquaculture carrying capac-
ity in a defined environment. 
Consistent Monitoring. As for the data that is cur-
rently collected for each standard lease site, both the 
applicants and the DMR would benefit by making 
the data collection process more transparent, and by 
incorporating that data into a larger dataset, collect-
ing each sites’ findings, to better monitor the estua-
rine systems around the lease sites. During months 

when the water is warmest, chlorophyll a levels 
should be measured using a fluorometer as a way 
to monitor the stress levels of the ecosystem (low 
levels=stressed which is prone to disease problems 
exaggerated by warm water).19 With water tempera-
tures getting warmer and oyster aquaculture on a 
path to becoming more densely practiced, regular 
monitoring could allow aquaculturists to step in to 
alleviate stressed environments and depleted nutri-
ents throughout the river, benefitting both the oyster 
yield and the overall ecosystem health. 
Farming method. Finally, aquaculture sites should 
alternate between floating and bottom plots to avoid 
removal of all free-floating nutrients from a similar 
depth along the river, effectively distributing the 
impact of the farm across the entire water column, 
minimizing impact. 

Fostering Transparency Between Aquaculturists 
and Landowners

 Public education and communication on aquacul-
ture are critical to creating a respectful and mutually 
beneficial relationship between aquaculture lease 
applicants and other important stakeholders. The 
State should work alongside Maine Sea Grant and 
the Gulf of Maine Research Institute (GMRI) to re-
place the current public hearing process with more 
informative and collaborative public charrettes, 
open-forum discussions that culminate in a vote, as 
opposed to an adjudicatory verdict as the current 
hearings are formatted.20  Held as early as possible 
after an applicant applies for a standard lease, the 
charrette format provides an opportunity for collab-
oration and negotiation, rather than argumentation. 
Leading these in a structured-partnership alongside 
GMRI and Maine Sea Grant allows GMRI to fur-
ther its own mission to “engage marine stakehold-
ers” and “nurture ecologic and economic resilience 
in the Gulf of Maine,”21 and facilitates Maine Sea 
Grant’s mission to “work on issues of concern to 
Maine’s coastal communities,” allowing the State 
to convene a diverse group of stakeholders to help 
create the most socially sustainable outcome.22 This 
approach will ultimately lead to a more cohesive 
and community-supported decision making pro-
cess.  Transparent stakeholder engagement early 
in the permitting process builds trust and elevates 
the public’s understanding of one of Maine’s vital 
and growing industries.
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Charrettes would involve: 
•  Participation of all stakeholders–directly and in-

directly impacted by the lease– from the beginning 
of the lease application process

•  A platform to speak for everyone involved:
 -  Fishermen will be able to address their fear  

 that their grounds will be taken23

 -  Riparian landowners will be able to voice   
 their concerns regarding the change the 

 lease will bring to the waterfront 
 abutting their property
 -  Aquaculturists will have an opportunity 
 to explain aquaculture operations and 
 potentially debunk the myths 
 surrounding it24

•  Interactive educational workshops by GMRI   
  and/or Maine Sea Grant on oyster aquaculture 

 and its impact on the environment and Maine’s 
 fishing industry25

•  Information from experts in the fields of oyster 
 aquaculture to explain:
 -  Maine has never granted an exclusive use   

  lease (meaning most aquaculturists will still   
 allow navigation and non-intrusive activity   
 on their plot)

 -  The amount of the lease area occupied by   
 gear is usually around 20%

 -  There is no data that shows that 
 aquaculture leases decrease the property   

 value of waterfront houses26

The statistics point to a dying lobster boom, and a 
looming oyster boom. In order to best manage this 
shifting economy, for the sake of the Maine’s fish-
ing industry, fishing families, coastal landowners, 
summer visitors, hungry seafood lovers, stunning 
coastlines, and beautiful marine life, it is imperative 
that the people of Maine begin taking action today.

Float/sink cages used in oyster aquaculture 
source: https://www.seagrant.umaine.edu/aquaculture/resources-for-shellfish-growers/aquaculture-methods-guide; accessed 12/12/18
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