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Evaluating aquaculture as a diversification strategy for Maine’s commercial fishing sector
in the face of change

Abstract

Aquaculture represents an increasingly significant share of the global supply of freshwater and
marine resources. The distribution of benefits from aquaculture development will largely depend
on who has the resources necessary to participate in the sector and how the sector is governed.
We investigate the extent to which aquaculture is being utilized by commercial fishermen to
expand and diversify their livelihoods in Maine, USA. Here, a network approach is used to
delineate individuals’ participation in aquaculture and wild-capture fisheries. Results show that
while some fishermen are starting aquaculture businesses, aquaculture has had a limited effect on
livelihood diversification for those engaged in the commercial fishing sector to date. These
findings raise questions about who will benefit from aquaculture and how the continued growth
will compete with existing marine resource sectors, including wild-capture fisheries. We argue
that the extent to which aquaculture can foster livelihood diversification in the long term and fit
within existing coastal economies will largely depend on the institutions that are established to
govern the sector.

1. Introduction

Aquaculture production is increasing worldwide (Troell et al., 2014). Production for human
consumption now accounts for 44% of total fish supply and is expected to surpass wild-caught
fish capture within the next ten years (FAO, 2016). Growth in the sector is being catalyzed by
significant public and private investments in the science, technology, and infrastructure aimed at
improving husbandry practices and expanding production capacity. Many nations are
institutionalizing this growth with strategic policy directives that include ambitious production
goals within their Exclusive Economic Zones (Baines and Edwards, 2018; Gonzalez-Paoblete et
al., 2018; Grist, 2002; Fairbanks 2018; Sandersen and Kvalvik, 2015).

Central to the promotion of aquaculture development is its potential to contribute to the global
food supply, lower seafood trade deficits, alleviate poverty and hunger, reduce pressure on wild
stocks, and diversify coastal economies and marine resource users’ livelihood strategies (Grist,
2002; Hamouda et al., 2005; Marshall, 2001; Martinez-Novo et al., 2017; Ramos et al., 2015;
Renwick, 2018). Recent mapping exercises that model production capacity identify untapped
aquaculture potential and make these benefits seem well within the realm of possibility (Gentry
et al., 2017).

In this moment of increasing aquaculture optimism, greater attention to the suite of benefits that
aquaculture provides in practice and to whom is needed. The need for this type of critical
assessment and rigorous scholarship on the human dimensions of aquaculture more broadly is
underscored by the history of aquaculture development, which has in some instances negatively
impacted coastal communities by triggering resource consolidation, destabilizing traditional land
tenure systems, displacing small-scale resource users, and causing conflict with other marine
resource uses (see, for example: Belton et al., 2018; Ellis et al., 2016; Gonzalez-Poblete et al.,
2018; Knott and Neis, 2017; Marshall, 2001; Pitchon, 2015; Rosendal et al., 2013; Wiber et al.,



2012). Such cases are not necessarily reasonlicocabandon aquaculture development efforts
or dismiss its potentially beneficial contributiaimssociety, but they highlight a paradox. Krause
et al. (2015:45) eloquently articulate the paragminting out that efforts to expand aquaculture
and capitalize on the blue economy can resulterféxclusion of society from a revolution
initiated for its very own benefit.”

One reason that the benefits of aquaculture aretsomes decoupled from the places where it is
occurring is because aquaculture development teenols evaluated on performance metrics
related to technological innovation, productionasafy, gross output, number of jobs created,
and total area farmed (Alexander et al., 2015skiial., 2016; Gentry et al., 2017), rather than
on social parameters associated with the qualityak, distribution of project, and the general
well-being of the people who live in coastal comities where aquaculture is implemented
(Bailey, 1988; Blythe et al., 2017; Galappaththil &erkes, 2014; Natale et al., 2013; Pitchon,
2015). While the former may resonate at regioratiional, or global scales, the type and quality
of social interactions that underlie aquacultureeti@oment are also important, especially at
scales relevant to the lived experiences of indiald and coastal communities. We posit that the
degree of autonomy that coastal communities hagéaping the trajectory of aquaculture and
other coastal development; who has the financ&dueces and technical skills to capitalize on
aquaculture (and who does not); how benefits ohagiiure development are dispersed long-
term and how intergenerational transfer of farno@eurs; and the extent to which aquaculture
augments or competes with existing marine resouses matter because these issues have direct
implications for the well-being of individuals asdastal communities where aquaculture occurs
(Bailey, 1988).

The research presented in this paper focuses aeldt®nship between the commercial fishing
sector in the state of Maine, USA, and the burgegpaquaculture sector in the region. We begin
by describing the recent development of aquacultutke state and then use a network analysis
to better understand who is participating in aqitace, with a focus on understanding the role it
is playing as a diversification strategy for thesgaged in Maine’s wild-capture fisheries. In
particular, our analysis focuses on the subsetople who hold access rights to participate in
wild-capture and aquaculture fisheries, as opptsddose who work in the two sectors as crew,
contractors, or other types of employees. The €xtewhich commercial fisherméare

adopting aquaculture in practice has not been tlgily evaluated, even though livelihood and
coastal economy diversification are among the dtegasons that it is promoted in the state and
for which public and private investments are beirage (e.g., Smith, 2017). Focusing on this
relationship presents an opportunity to evaluagestitent to which aquaculture achieves these
social benefits at multiple levels, and, simultamsdp, to respond directly to continued calls in
the literature for more attention to the human disiens of aquaculture (Bailey, 1988; Blythe et
al., 2017; Galappaththi and Berkes, 2014; Nata#d.£2013; Pitchon, 2015).

We focus specifically on the state of Maine andrtiationship between wild-capture fisheries
and aquaculture because changing ocean and coasthfions are raising concerns about the
long-term viability of fisheries in the state, ahere is a perceived need for economic

L our use the term ‘fishermen’ is intended to bedgemeutral. We use it here because most peopitein
commercial fishing sector in Maine prefer this teower ‘fisher’.



alternatives (Stoll et al., 2016). At the same tiaguaculture is being framed as an important
economic alternative for fishermen and coastal camties, and major investments are being
made in the science, technology, and infrastrudtureprove husbandry practices and catalyze
aquaculture-related activities (ARI, 2017). Witlistinvestment has come growth in the sector,
as we describe in more detail below. While the gigswf this case are undoubtedly unique to
Maine, the general pattern (i.e., changing fistserit@mmunity dependence on natural resources,
and increasing aquaculture activity) is not uncomniherefore, it represents a useful case to
explore how people are interacting with aquaculaure what these social interactions mean in
terms of benefits to individuals and communities.

1.1  Background and Study Area

The current Public Law that supports commerciakagliure in Maine was established in 1978
(PL 1997, c. 661) and builds off previous legiglatthat can be traced back to at least the mid-
1950s. The legal system, which has continued tetxeed through time, includes three types of
permits, each with a unique set of features (Tahl&tandard Leases are the largest of the three
types of aquaculture permits and can be up to tB8saStandard Leases have a 20-year lease
period and are transferable, which means they edwhbght, sold, or traded with the approval of
the Maine Department of Marine Resources (DMR). 3éeond type of aquaculture permit that
the state issues is for Experimental Leases, wdadmot exceed four acres. One defining feature
of Experimental Leases is that they are non-ren@yalicept in cases where they are being used
for scientific purposes. Limited Purpose Aquacudtlicenses (LPAs) are the smallest type of
aquaculture permit (400%tand need to be renewed annually. Unlike StandaddExperimental
Leases, LPAs cannot be issued to corporationsiradduals who hold them are required to
participate in an annual training, which is intethdie ensure that people have a minimum level
of knowledge about aquaculture production and puigaltf.

[Please insert Table 1]

In 1975, Ed Myers obtained the first DMR leasedise cultured oysters on the Damariscotta
River Estuary at Abandoned Farm in South Bristar{ghix, 2004). Ocean Products, Inc. is
credited with being the first successful commerstale operation for salmon in Maine. Lease
records maintained by DMR show that the companygrasted a 45-acre lease in Cobscook
Bay in 1985 to raise Atlantic salmon in net pensg4e # COB-BC). The Maine-based company
then sold the operation to Connor’s Brothers, Lidhich later transferred its lease to Heritage
Salmon and then to Phoenix Salmon, Inc. Later, Rilkd@almon changed its name to Cooke
Aquaculture, which is the sole marine-based salatpraculture company active in the United
States today.

Salmon farming is the largest (by volume and valg)aculture sector in the state. According to
DMR, which is responsible for managing wild-captfisheries and aquaculture in state waters
(0 to 3 nm), salmon production alone exceeded $lmmin 2010 (the last year these data were
reported). In addition to salmon, numerous other specieahave been farmed or are in

2 People that hold either of the two larger typekeases are not required to take a training.
3 DMR does not reported data on fisheries with tloefew participants to protect businesses’ comfiiddity.



experimental phases of development throughout Manciding American lobster, blue
mussels, Atlantic halibut, polychaete worms, greerhins, American oysters, American eels,
sea scallops, and a variety of sea vegetables.

Public investments by way of direct funding, sceaad technical support, and policy reform
have played a critical role in facilitating the gttt and sustainability of the aquaculture sector in
Maine. The University of Maine’s Darling Marine Gen(est. 1965), Maine Sea Grant (est.
1971), Maine Aquaculture Association (est. 197@)iMarsity of Maine’s Fisheries and
Aquaculture Research Group (est. 1985), Downeattute (formally Beal's Island Regional
Shellfish Hatchery) (est. 1987/2000), Maine Aquag@ Innovation Center (est. 1988), Center
for Cooperative Aquaculture Research (est. 1998) Agjuaculture Research Institute (est. 2009)
played a particularly pivotal role in helping Mameascent aquaculture industry in its early
years. These organizations and institutions havdemaajor investments in health monitoring
programs and technology for disease diagnosisraathtent for both finfish and shellfish,
working on amoebic gill disease, host-pathogerraat®ons (including for the MSX parasite and
sea lice), and basic immunology for farmed spe@&esilar investments were also made to
improve basic husbandry techniques, upweller telcigydor juvenile oysters (Baldwin et al.,
1995), integrated multi-trophic aquaculture farm{Rietrak et al., 2012), blue mussel rafts
(Riley and Morse, 2001), and site selection (Snydexd., 2017).

As interest in aquaculture in Maine has grown, matingr organizations have invested in the
sector. There are at least 85 institutions or @Enogrwithin existing organizations that are
actively engaged in promoting the development olaglture through education and outreach,
research, and funding, including the aforementiagredps as well as numerous newcomers
(Appendix 1). These efforts were catalyzed, in,dayta $20 million National Science
Foundation Track 1 Experimental Program to Stineu@dmpetitive Research (EPSCoR) grant
awarded to the University of Maine in 2014 to ceetiite Sustainable Ecological Aquaculture
Network. These resources were intended to levdarageesources and capacity in the state to
“help advance sustainable ecological aquacultB&ANET, n.d.).

Together, these investments have contributed tgrhwth of Maine’s aquaculture sector.
Growth has been particularly rapid in recent yedth an influx of new participants starting
farms (Fig. 1). A report by the Aquaculture Resbhdnstitute (2017), for example, found that, as
of 2017, 24% of growers in Maine started operatmtpe past two years and 45% started in the
past five years. These new farmers have investeardined $10.8 million in the sector in the
last three years alone (ARI, 2017), beyond theipulwestments that have been made. Growth
has been further catalyzed by several aquacultairgrig programs designed to help interested
parties start aquaculture businesses and legislelisnges enacted to reduce the regulatory
constraints on aquaculture [e.g., L.D. 1438 (1R8gis. 2017)]. Focus Maine, a coalition of state
business leaders, predicts that with continuedsiment, Maine’s aquaculture exports could
increase by an additional $230 to $800 million B22 (Focus Maine, 2016).

Maine does not have a comprehensive managementgptande the growth of aquaculture, but
there have been a number of previous policy re@ortisfour efforts between 1990 and 2010 to
articulate a vision for aguaculture in the state @entify key impediments to growth. Of these,
three were developed through formal state planpiogesses and one was spearheaded by the



Maine Aquaculture Association, a private trade aeisgion that promotes the sector. These
documents include a set of arguments that have tshto justify and support aquaculture
development. One of the reoccurring justificatinthat aquaculture provides a critically
important opportunity for coastal communities t@sgthen their economies. This perspective,
for example, is articulated in the 20G#vernor’s Task Force on the Planning and Develagme
of Marine Aquaculture in Maing004:3), which states: “Marine aquaculture offdes potential

to bring substantial economic value and diversitthe state and its communities.” Similar logic
is echoed in the executive summary of the Mainea&giture Association’s publication,
Directing the Future of Maine's Aquaculture Clustklere, the authors note that if aquaculture is
not embraced as a diversification strategy, “[thiadal coastal communities and their year-
round working waterfronts will slowly erode” (Belé al., 2010:4).

The process by which aquaculture will help to dsfgrcoastal communities’ economies in
practice are not always stated explicitly, but argument is that it will happen when
commercial fishermen enter the sector. This isevidfor example, in the rhetorical questions
used to frame the introduction of tAgquaculture Development Strategy for the State ahi
(1990:8):

Maine’s fishing industry is undergoing dramatic he. Pressures on traditional fisheries
are mounting. Concerns about overharvesting ridheasame time that demand for
seafood increases. Can aquaculture help fisherneem tms demand? Can the State help
sustain small-scale fishing operations by makiregpgier for them to supplement
traditional harvesting with aquaculture?

While theGovernor's Task Force on the Planning and Develapmoé Marine Aquaculture in
Mainedirectly challengé'sthis perspective, the narrative that aquacultuosiges a

diversification strategy for commercial fishermeastbeen persistent and continues to be used to
motivate aquaculture development. Evidence ofithtsptured in the media with claims that it is
“one of the best parts of the story” (Smith 2014 well as in the public testimony on legislative
bills. For example, during a proposed bill to ebktiba legislative task force on aquaculture in
2019 [L.D. 1420 (129 Legis. 2019)], one representative explained: témrd shows that
aquaculture is an important tool that will help st@h communities... and working waterfront
families continue their maritime heritage.” Anothgarson reflected a similar viewpoint,
commenting that “LPAs have been a great tool faditronal, commercial fishermen to
diversify.” The extent to which aquaculture is leggto greater diversification among
commercial fishermen, a key constituency in coasiaimunities, is the focus of this paper.

[Please insert Figure 1]

* The authors of th&overnor’s Task Force on the Planning and DevelaproéMarine
Aquaculture in Mainavrite that the “state’s original vision of finfisklquaculture as a major
economic development strategy ... that would profigleermen a new economic activity to
supplement declining wild fisheries revenues hddmeen realized... While they have not
remained farmers, local fishing families have bakle to diversify their economic base by
developing service companies such as contractglmm fish and feed transport vessels”
(2004:29).



2. Methods
2.1. Data Collection and Analysis

The research presented in this paper draws orsliogrand leasing data for wild-capture
fisheries and aquaculture in Maine as well as thieas’ combined experiences working in and
around these sectors for more than a decade. thaild who are engaged in wild-capture
fisheries in Maine are responsible for obtaininghatercial fishing licenses for the species they
target from the DMR. These licenses must be renemedally or fishing privileges will be
revoked. The details of this licensing system ayohd the scope of this paper (see Stoll et al.
2016 for a detailed description), but, in gendregénses are issued by species or gear and
individuals are required to hold a separate licdaseach fishery s/he targets. Similarly,
individuals who own aquaculture operations are ireguto obtain a license or a lease from
DMR. Licenses for aquaculture are issued to indiald with small-scale operations that are no
more than 400 square feet. Those who start laggde aquaculture farms are required to obtain
a lease. Unlike the licenses for wild-capture figdgeor LPA sites, leases can be issued to
corporate entities and can be held for up to twgagrs before requiring renewal. These leases,
as previously mentioned, also differ from LPA sigesl commercial fishing licenses in that they
are transferable. DMR is responsible for maintagmecords of all individuals and enterprises
that hold licenses and leases for wild-captureefigls and aquaculture. These data are
maintained by separate units within DMR, and argiply available upon request. In this paper,
we refer to both licenses for LPAs and leasescassies for simplicity, except in cases where the
distinction is of material relevante

To understand the extent to which commercial figtesr are diversifying into the aquaculture
sector and how the patterns have changed throomgh siquaculture license data were merged
with wild-capture fishing license data across Maiseng R (version 3.3.3) and then cross-
checked manually. Data were analyzed for the nexsint calendar year in which data were
available (2017) and also for 2012, to provideva-fyear comparison. The data included
information on nearly ten thousand individuals witlenses for wild-capture fisheries or
aquaculture in each year. Data dating back to B88bwere used to confirm individuals’
licensing histories to determine if those involwecgquaculture had participated in wild-capture
fisheries in Maine in the past.

DMR does not have a unifying system to track gty of marine resource users, so the wild-
capture and aquaculture data were integrated asiwg-step process: First, matrices for wild-
capture fisheries and for aquaculture licenses wenerated with information about each
individual and the marine species s/he harvestgaws. Second data were merged into a single
database using first name, middle initial, last eaand suffix along with mailing addresses.
These data were then cross-checked manually to endké&ermination as to why an individual
was holding their license(s). Individuals who ob&t one or more fishing licenses on the same
year or after s/he started farming were designaseidrmers and anyone who held a fishing

®In 2018, DMR started issuing aquaculture liceribesare required in order to harvest product feofarm. These
licenses are separate from the licenses issuddPfarsites.



licenses before acquiring a lease was designatedhanercial fisherman. This latter step was
necessary because until 2018, DMR required aquaeujrowers to hold commercial fishing
licenses to sell product they grew on their leafeseby making it difficult to distinguish
farmers from fishermen who also farmed. For exampbn individual had an oyster farm, s/he
would be required to buy a commercial shellfisketise to sell the oysters. This is the same
license that a fisherman would need to harvest middtcaught clam species.

Merged licensing data were analyzed using a netappkoach to evaluate the relationships
between those engaged in wild-capture fisherieslaogk engaged in aquaculture. Network
science has been used to study a range of fishssiéss, such as differences in local ecological
knowledge (Farr et al., 2018), social-ecologicalaiyics (Bodin, 2017), leadership (Stoll,

2017), seafood trade (Stoll et al., 2018), poweraahyics (Crona and Bodin, 2010), sociocultural
grouping (Barnes-Mauthe et al., 2014), and adaptpacity (Stoll et al., 2017). But, to our
knowledge, it has not been deployed to date tosinya&te questions about the interplay and
interactions between wild-capture fisheries andatipgaculture sector. The relationship between
those engaged in wild-capture fisheries and aqtieuwvas evaluated using degree centrality
scores for each license type. In cases where alfsted multiple owners, all names were
included in the analysis. Centrality is a commotwoek measure that is used to calculate the
relative importance of particular nodes in a netfmased on the number of connections they
have to each other (Wasserman and Faust, 199%)slnase, nodes are represented as different
license types and the connections represent théeuof times individuals hold a particular pair
of licenses. License types with high centralityrescare those which tend to be held as part of a
portfolio of other licenses, while those with lowsmtrality scores tend to be relatively
disconnected from other fisheries and do not rgores common license that is used to diversify
livelihood strategies. A cluster analysis was g@sdformed using the license data to evaluate
subgroupings within the fisheries-aquaculture nekwo further understand intra- and
interconnections between aquaculture and wild-cagdtsheries. Specifically, we used a random
walk algorithm called a Walktrap because it is lausi method for identifying clusters within
complex network environments that have numerousections (Pons and Latapy, 2005).

One limitation of the method used here is thabgsinot account for crew, processors, drivers
and other individuals that may be employed in agltae or wild-capture fisheries, because
DMR does not require these types of operators I lfienses for most wild-capture fisheries or
in the aquaculture sector. One exception to tHesisufor those that work on LPA sites as
assistants. While this constrains our ability tityfassess the interplay between wild-capture
fisheries and aquaculture, there is a materiabbfice between being the owner of a farm and
working on one as an employee or contractor (Poléral Poggie 2006). Nonetheless, we report
on the number of LPA assistants that hold fishiogrises. Another limitation is that the data are
specific to Maine and as such anyone that holash@anf) or aquaculture license outside the state
was not included in our analysis. Finally, the gsisl assumes that having a license is the
equivalent of participating in a fishery or aquaote and that all licenses are equivalent.
However, latency is a known phenomenon in bothosgcsince the cost of maintaining a license
is relatively low compared to the cost of acquirorge. Further, some commercial fishing
licenses are associated with very small fishenestherefore unlikely to contribute materially to
a person'’s livelihood. Not accounting for lateneyaw-value fisheries likely inflates the overall



extent of overlap. These limitations combined sggteat the results should not be used as
definitive numbers, but rather as qualitative eatas that show relative relationships.

3. Results

Aquaculture in Maine has steadily increased indsedecade (Fig. 1). In 2017, DMR issued

466 Limited Purpose Aquaculture licenses and leas&d acres via Standard or Experimental
leases to 219 individuals or corporations. Thigesents a 588% increase in the number of LPAs
and an 18% increase in the total acreage since. 20di@ than 1,000 acres are situated in the
eastern third of the state, where ocean condimagonducive for salmon farming. LPAs are
more broadly distributed across the state.

Twenty-six percent (n = 57) (Fig. 2) of aquacultlicense-holders held one or more commercial
fishing licenses during the 2017 fishing seasonafme 1.9, SD = 1.2), which represents 0.58%
of the commercial fishing sector licenses (n = 8)7F his constitutes a 104% increase in
participation the last five years (n = 28 more agliare licenses were held in 2017 vs 2012),
but an overall decrease in percentage of leasetsoldith commercial fishing licenses (29%,
based on the comparison between 2012 and 2017pd2017, those who diversified into
aquaculture most commonly held shellfish (n = 2@pbster (n = 36) licenses (Table 2). The
third most common commercial fishing license heldhnse who have an aquaculture license
was the state’s general category license, whidwalfishermen to target a suite of low value
species such as periwinkles (n= 15). Several fagrfrer 6) did not hold any fishing licenses
during the 2017 fishing season, but had one or rimgases between 1990 and 2015.
Presumably, these individuals transitioned fromdvaidpture fisheries to aquaculture, but are no
longer actively engaged in wild-capture fisher\&hile data does not exist to evaluate the full
extent to which fishermen are diversifying into aquiture as contractors, employees, or
volunteers, 64 of the 339 assistants on LPA sislave fishing licenses (19%).

Degree centrality scores for each license type amil provide further information about the role
aquaculture is playing in diversifying fishermeiiielihood strategies. In this context, degree
centrality provides a measurement of the total remolb times a person holds any combination
of licenses. For example, if a person has an aduaewand lobster license, the degree centrality
between aquaculture and lobster would be one. makysis shows the diverse connections
commercial fishermen have to different fisheried aquaculture (Fig 2.). Aquaculture (all
species combined) has a lower degree centralitegoo= 110) than twelve of the eighteen most
economically significant commercial fisheries inikks including relatively small wild-capture
fisheries such as the scallop diver fishery (n 5)1hd the wild harvest of seaweed (n = 232)
(Fig. 2). By comparison, the degree centralityatifster is more than twenty times higher (n =
2895). The low degree centrality score for aquacelis suggests a relatively tenuous
socioeconomic relationship between aquaculturevdiidcapture fisheries at this pofnt

[Please insert Figure 2]

6 Separating aquaculture by species or type (irdiski, shellfish, seaweed) makes the relationshtg/een
aquaculture appear even weaker. These resultoashown here for brevity and because the resuldggregate
provide adequate information.



The Walktrap cluster analysis (Pons and Latapyb2@@rther illustrates the division between
aquaculture and wild-capture fisheries (Fig. 3)e Binalysis shows four semi-discrete subgroups
of marine resource users based on the suite eofsethat any one individual holds. Three of
these subgroups include all but two of the wildtaeg or farm-raised species. The fourth
includes only eel and mussels. If there were stammmections between certain wild-capture and
aquaculture fisheries, subgroupings would includerabination of wild-capture and
aguaculture-raised species. However, the resubiw st subgroups 1 and 2 include only
aquaculture-raised species, while subgroup 3 aaré éxclusively made up of wild-capture
fisheries (Fig. 3). This indicates that, while soilseermen also farm, there is a stronger
association among wild-capture fisheries than betweild-capture fisheries and aquaculture-
raised species and vice versa.

[Please insert Table 2)

[Please insert Figure 3]

4, Discussion and Conclusion

Aquaculture has been offered as an important twat¢onomic development in coastal
communities, and as a way for commercial fishertoativersify their livelihoods during a time

of increasing socioeconomic and environmental ceampere are a number of programs and
community-based initiatives geared towards helgmmmercial fishermen start aquaculture
businesses in Maine. A new oyster farm in the gleemmunity of Georgetown, Maine provides
an illustrative example. Started in 2017, the faras created to help clam diggers and other
commercial fishermen on the island diversify thisklihoods in the face of prolonged declines

in the softshell clam fishery (Fig. 4). As parttbis project, seven new farmers with backgrounds
in commercial fishing started raising oysters with support of several community leaders and a
range of technical service providers, including lthreversity of Maine. At the time of writing

this paper, the group was in the process of formiggoperative to coordinate its activities. A
primary objective of the effort is to provide thegp with a new revenue stream to supplement
the money they earn from commercial fishing.

[Please insert Figure 4]

While examples like this show there is potentialdommercial fishermen to use aquaculture to
diversify their livelihoods and the number of commal fishermen involved in aquaculture is
increasing, the results presented in this papegesighat by and large those who are entering the
aguaculture sector in Maine are not commerciakfisten. By our estimates, 26% (n = 57) of
those that hold LPAs and aquaculture leases in 2@&t& fishermen, which represents 0.58% of



the individuals active in the commercial fishinglirstry overall (n = 9,750). Understanding the
reasons why more commercial fishermen are not slifyéang into aquaculture or are doing so as
assistants and not owners (n = 64) represents oriamt area of future research as is a better
understanding of who these newcomers are. We hgpizth that these patterns may be a
function of multiple factors, including the costsiarting an aquaculture business, the time it
takes to maintain an aquaculture operation, delagtnns on investment, cultural differences
between wild-capture fisheries and aquaculturéh@rfact that Maine’s primary fishery, lobster,
remains highly valuable. Importantly, these findirmpmplicate the existing narrative that
aquaculture is helping fishermen diversify tharelihoods.

The extent to which this pattern will change degial part, on the accessibility of aquaculture
to new entrants in the future. Presently, regujabarriers to aquaculture remain comparatively
low to most wild-capture fisheries in Maine. Indegwst wild-capture fisheries are closed to
entry (e.g., shrimp), based on lottery systems leihodds (e.g., elver or scallop), or require
enrolling in costly training programs and beingggld on a wait list (e.g., lobster) (Stoll et al.,
2016). However, the bar to enter and maintain agltie operations is starting to increase as
the regulatory hurdles to entry creed.uphis process of “enclosure” is common in fisherie
(Carothers, 2015; Murray et al., 2010) and signis lséppening in the aquaculture sector in
Maine are starting to become evident. In 2017ef@mple, the Maine State Legislature passed a
bill requiring LPA license holders to participated mandatory training program administered
by the state. Farmers are now also required tdhaseca new aquaculture-specific license as
opposed to the shellfish license that was reqguyirediously. These new requirements are far
from insurmountable, but they do start to raiseltheto participation and may be a sign of
future restrictions on the horizon.

Beyondde jurerules that may be making it more challenging fmmemercial fishermen to shift
into the aquaculture sector, there are disdactoconstraints that make aquaculture less feasible
for new entrants. Among these is the reality thate is public opposition to aquaculture in some
areas, which makes it difficult for prospective aquiture businesses to start (Hanes, 2018).
Such resistance has stemmed from concerns aboaéstieetics of aquaculture, fears about
pollution, and conflict with other users. New entsainto the aquaculture sector also will likely
face increasing competition with those who werdyesgatopters and already have established
businesses. Some predict the influx of new growehaine will put downward price pressure

on aquaculture-raised species like clams and ayéiére Hale Group, LTD, 2016). If this
happens, it will likely create a dynamic that vi@lvor the most efficient enterprises that are able
to produce product at the lowest cost. Such efiyawill likely come from those who can scale
up production and have the most experience (Riseah, 2017). Commercial fishermen

entering the sector likely will be at a disadvaetag

Regardless of whether or not these challengesuaiiltrain future uptake of aquaculture by
commercial fishermen, the results of this reseaoshplicate the narrative that aquaculture
provides a diversification strategy for the comnmriishing sector and highlight the need for
greater attention to the social interactions ofeaglture when making claims about the potential

" Other potential regulatory barriers may also ereg new barriers are proposed, including a citizgition to
place a moratorium on aquaculture leases over rd3 dloat was initiated in 2019.
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benefits that it provides. While there are instanebere individuals have added aquaculture to
their repertoire and diversified their livelihoodagegies, these occurrences appear to be
exceptions to the rule, rather than the norm. @ibiss not mean that aquaculture cannot play an
important role in diversifying coastal economiesstjthat the diversification that appears to be
occurring is not happening at the individual lexelong commercial fishermen.

More scholarship is needed to understand who theamers entering aquaculture are, and
more broadly, how aquaculture is contributing ® diversification of coastal economies. Is
aguaculture adding to the resilience and durahilitywaterfront businesses? How does the
wealth that is generated from aquaculture getidigied and to whom? To what extent is it
changing community demographic structures? As guestike these are further probed,
attention should be given to the governance systkatsinderlie aquaculture and the role they
play in shaping the aquaculture landscape long.tBiotably, key governance provisions that
have shaped Maine’s commercial fishing sector (Aohe2003) are not being implemented in
the aquaculture sector. In particular, the ownegrafr requirements and prohibition on
transferability that have helped keep Maine’s icdabster fishery made up of many small-scale
operations are not being applied to aquacultures&lpolicy differences may be warranted and
are not necessarily problematic (e.g., Walters 2081t it is important to recognize that they
could put aquaculture on a different developmett gfzan the one that wild-capture fisheries
have been on in Maine to date. It is a path thatdtlawed the salmon sector to consolidate in
Maine (Conkling 2000), and it is one that has ledilar outcomes in other cases where
transferability is allowable (Bennett et al. 20Bsinson and Thunberg 2016). Therefore, the
distribution of benefits from aquaculture withindaacross communities likely will change
through time as Maine’s aquaculture sector coniraenature and first-generation farmers
begin to seek exit strategies and retire. The icagbns of these dynamics for coastal
communities and economies have yet to be fully tstded and warrant further research. If
aquaculture is to serve a tool for diversificatagrihe individual or community-scale long term,
governance strategies will likely need to be desilgto specifically achieve this outcome.
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Institution / Organization

Aquaculture Research Institute (University of Maine

Audubon Expedition Institute (Lesley University)

Audubon Seabird Restoration & Education Program

Bigelow Laboratory

Boothbay Sea and Science Center

Bowdoin College

Brunswick High School

Brunswick Junior High School

Camp CaPella

Camp Susan Curtis

Center of Cooperative Aquaculture Research

Chebeague Island School

Chewonki Foundation

Children's Museum of Maine

Coastal Encounters

Coastal Enterprises Inc.

Cobscook Community Learning Center

College of the Atlantic

Darling Marine Center (University of Maine)

Davis Family Foundation

Deer Isle-Stonington High School

Downeast Institute for Applied Marine Research &iEation

Eagle Hill Institute

Economic Development Administration

Edna Drinkwater School

Falmouth High School

Financial Authority of Maine

Frank H. Harrison Middle School

Friends of Casco Bay

FocusMaine

Gulf of Maine Research Institute

Herring Gut Learning Center

Hurricane Island Foundation

Island Institute

Long Island School

Maine Aquaculture Association

Maine Aquaculture Innovation Center

Maine Community Foundation




Maine Department of Agriculture, Conservation & €siry

Maine Department of Economic and Community Develepin

Maine Department of Environmental Protection

Maine Department of Marine Resources

Maine Maritime Academy

Maine Philanthropy Center

Maine Sea Grant

Maine Technology Institute

Marine Environmental Research Institute

Maine Campus Compact (University of Maine)

Maine Discovery Museum

Maine State Aquarium

Maine State Museum

National Oceanic and Atmospheric Administration

National Park Service (Acadia National Park)

National Science Foundation

NOAA Sea Grant National Strategic Investments

Ocean Adventure!

Ocean Farm Technologies

OceanWide

Peaks Island Elementary School

Penobscot Marine Museum

Ripple Effect

Rural Aspirations Project

Schoodic Institute

Sedgwick Elementary School

Southern Maine Community College

St. George School

St. Joseph's College

Sustainable Aquaculture Research & Education

The Ecology School

Unity College

University of Maine (multiple colleges and depariis3

University of Maine at Machias

University of Maine at Presque Isle

University of Maine Fish Vet Group

University of New England

University of Southern Maine

US Army Corp of Engineers




USDA Agriculture & Food Research Initiative

USDA Farm Service Agency

USDA National Cold Water Marine Aquaculture Center

USDA Small Business Innovation Research Program

Vine Street Elementary School

Washington County Community College

Wells National Estuarine Research Reserve

Table Al. List of institutions or programs withimstitutions involved in aquaculture research

education, development, or management in Mainé¢.coisipiled by Paul Anderson and is n
intended to be exhaustive.
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Figure 1. Number of Limited Purpose Aquaculture licensesftlLand acres leased (Right) has
increased through time. Data source: Maine DepantimieMarine Resources.

Figure 2. (Left) Relationships between wild-captured fishe@@d aquaculture are based on
individuals’ participation in different fisheriesid aquaculture and suggest that few fishermen
are using aquaculture as a diversification stratéggth of line between license types represents
relative number of links between node pairs. Thidkees denote stronger linkages. (Right)
Degree centrality of aquaculture (all species cortbj relative to wild-capture fisheries. Lower
scores reflect weaker ties to other fisheries.

Figure 3. Substructure within the license network indicatacldistinctions among those
engaged in the aquaculture and wild-caught fiseesgetors. Orange nodes depict aquaculture-
raised species; blue nodes depict wild-capturedispegrey shaded areas (n = 4) depict clusters.
Fisheries with ‘D’ denote those associated witlwirgear; fisheries with ‘H’ denote hand-gear
fisheries.

Figure 4. Commercial fishermen on Georgetown working togethéhe summer of 2017 to
launch newly built oyster cages as part of a comtywnased oyster farm in mid-coast Maine.



Standard Experimental Limited Purpose

Lease Lease Aquaculture License
Established 1976 1997 2000
Maximum size 100 acres 4 acres 400 ft*
Total alowablearea 1,000 acres NA 1,600 ft°
leased by individual
or corporation
Time frame 20 years 3years 1 year
Application fee $1,500 $100 $50 ($300 non-resident)
Annual lease fee $100/acre $100/acre None
Renewable Yes No (unlessfor Yes
scientific research)
Applicant Individual or  Individual or Individual
corporation corporation
Transferability Yes No No
Escrow $5,000 $5,000 No
Training No No Yes

reguirement

Table 1. Types of aquaculture permitsissued in Maine and their associated features.



Standard or Limited Purpose
License Type Total Experimental Lease Aquaculture License Both

Lobster 36 10 21 5
Elver 3 1 2 0
Eel 2 1 1 0
General category 15
Green crab 5
Mussel (D) 1
Mussel (H) 4
Surf clam 0

Pelagic /
Anadromous

4 1

Quahog 0 0

Scallop (D) 7 5
1 0
2 0
2 1

Scallop (H)
Urchin (H)
Urchin (D)
Seaweed 2
Sea cucumber 0
Shellfish 26 3 18 5

Wworm 0 0 0 0
110 27 70 13

Table2. Number of commercial fishing licenses held by uiials with aquaculture licenses.
Note that less than one percent of those with camiaidishing licenses also have aquaculture
permits (see text for details). Fisheries with &'note those associated with trawl gear;
fisheries with ‘H’ denote hand-gear fisheries.
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Subgroup [ID |[Target Fishery Type
1 Surf clam Wild-capture
2 Sea cucumber Wild-capture
3 Quahog Wild-capture
4 Scallop (Hand) Wild-capture
5 Urchin (Hand) Wild-capture
6 Seaweed Wild-capture
7 Green crab Wild-capture
8 Pelagic/Anadromous | Wild-capture
A 9 Marine worm Wild-capture
10 |General category Wild-capture
11  |Shellfish Wild-capture
12 |Lobster Wild-capture
13 |Scallop (Drag) Wild-capture
14 | Urchin (Drag) Wild-capture
15 |Mussel (Drag) Wild-capture
16 |Eel Wild-capture
17 |Sea urchin Wild-capture
B 18 |Elver Wild-capture
19 |Mussel (Hand) Wild-capture
20 [Sea vegetable Aquaculture
21 |Bay scallop Aquaculture
22 |Seascallop Aquaculture
C 23 |Oyster Aquaculture
24 |Quahog Aquaculture
25 |Blue mussel Aquaculture
26  [Softshell clam Aquaculture
27  [Surf clam Aquaculture
28 [Cod Aquaculture
29 [Halibut Aquaculture
D 30 |Haddock Aquaculture
31 |Trout Aquaculture
32 |Salmon Aquaculture







Highlights

* A common goal of aquaculture development isto support livelihood diversification;

» The extent to which fishermen are adopted aquaculture in Maine is eval uated;

» Counter to the prevailing narrative, relatively few people in the fishing sector are
participating;

» Greater attention to the human dimensions of aquaculture is needed to evaluate its
societal potential.





