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Abstract The ability of resource-dependent communities

to adapt to climate change depends in part on their

perceptions and prioritization of specific climate-related

threats. In the Maine lobster fishery, which is highly

vulnerable to warming water associated with climate

change, we found a strong majority (84%) of fishers

viewed warming water as a threat, but rank its impacts

lower than other drivers of change (e.g., pollution). Two-

thirds believed they will be personally affected by warming

waters, but only half had plans to adapt. Those with

adaptation plans demonstrated fundamentally different

views of human agency in this system, observing greater

anthropogenic threats, but also a greater ability to control

the fishery through their own actions on the water and

fisheries management processes. Lack of adaptation

planning was linked to the view that warming waters

result from natural cycles, and the expectation that

technological advancements will help buffer the industry

from warming waters.
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INTRODUCTION

Adaptive capacity in fishing communities

The effects of anthropogenic climate change in marine

ecosystems are unprecedented in human history, raising

concerns about how coastal communities will respond and

adapt (Marshall and Marshall 2007; McClanahan and

Cinner 2011). Adaptive capacity is the ability to enact

strategies that mitigate immediate risk and strengthen

responses to future risks, and has its roots in both vulner-

ability and resilience frameworks (Adger and Vincent

2005; Gallopı́n 2006; Engle 2011). Vulnerability literature

focuses on the characteristics of both biophysical and

social systems (Engle 2011). For example, vulnerability to

climate change is influenced by physical exposure to haz-

ards like severe weather and sea level rise, as well as social

factors such as social capital, planning skills, and economic

dependence on natural resources (Adger 2009; Smit and

Wandel 2006; Marshall et al. 2007). The concept of resi-

lience is rooted in the natural sciences (Holling 1973), and

has more recently been adapted to understand social–eco-

logical systems (SES), with social and cultural character-

istics recognized as important in achieving desirable

environmental outcomes in the face of change (Folke 2006,

Engle 2011). For example, a community’s resilience can be

decreased by environmental degradation that reduces the

availability of resources, or increased by adaptive capacity,

which includes recognition and agreement about the degree

and causes of ecological change (Adger and Vincent 2005;

Nelson et al. 2007).

Adaptive capacity is widely recognized as a critical

element of social resilience to environmental change (e.g.,

Marshall and Marshall 2007; Folke et al. 2002; Smit and

Wandel. 2006). For instance, Marshall and Marshall (2007)

describe and measure adaptive capacity as having four key

components: risk perceptions, planning skills, coping

ability, and interest in adapting. Mortreux and Barnett

(2017) identify five types of capital—natural, physical,

financial, social, and human—access to which has been

assumed to predict an ability to adapt to climate change.

However, they note that these attributes do not always

align with adaptation outcomes, as groups with access to

capital often fail to deploy it effectively in times of crisis.

For example, households with more financial assets may

123
� Royal Swedish Academy of Sciences 2019

www.kva.se/en

Ambio 2020, 49:144–155

https://doi.org/10.1007/s13280-019-01156-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s13280-019-01156-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13280-019-01156-3&amp;domain=pdf


lack flexibility to shift income streams, and nations with

high GDP may lack political will to invest in effective

adaptation outcomes (Mortreux and Barnett 2017). There-

fore, flexibility and agency are also key characteristics of

social systems that will adapt to climate change (Cinner

et al. 2018). Likewise, psychosocial attributes are emerging

as key to understand adaptation outcomes. For example, an

individual may fail to adapt due to a low perception of

personal risk despite an understanding of generic risk

(Mortreux and Barnett 2017). Trust in institutions is

another characteristic that affects adaptation (Stern and

Coleman 2015), with lack of adaptation at both ends of the

trust spectrum in some contexts; high levels of trust can

lead to complacency and lack of personal initiative in the

face of disaster, while low levels of trust can result in lack

of compliance with the advice of authorities (Mortreux and

Barnett 2017).

Fishing communities are vulnerable to climate change

due to their proximity to coastal hazards and their natural

resource dependence (Stedman et al. 2004; Adger et al.

2005; Barange et al. 2014). Adaptive capacity in fishing

communities is highly linked to flexibility, with the relative

reliance on fisheries, degree of diversification within the

fishery, and the ability to change fishing strategy a strong

predictor of a community’s ability to adapt (Finkbeiner

2015; Belhabib et al. 2016). Personal traits, including

ability to engage with decision making and knowledge of

climate change also can improve the ability to adapt to in

times of crisis (Cinner et al. 2015; Finkbeiner 2015).

However, the role of psychosocial factors—such as risk

perception and trust in institutions—in climate adaptation

in fishing communities is only beginning to be understood.

Here, we use the lobster fishery of Maine to examine the

ways in which adaptation is linked to risk perception, views

of human agency in the SES, and trust in institutions. Our

work builds on previous research that strives to understand

the relationship between adaptive capacity and adaptation

outcomes at the individual and community level (e.g.,

Marshall and Marshall 2007; Mortreux and Barnett 2017).

Maine’s lobster fishery

Lobster fishing communities in coastal Maine have a high

degree of exposure to climate change due to rapid warming

in the Gulf of Maine (GoM) (Mills et al. 2013; Le Bris

et al. 2018). Lobster populations are susceptible to warmer

water temperatures. In particular, increased water temper-

ature is associated with northward and offshore migration

of lobster (Wahle et al. 2013; Wahle et al. 2015). Increased

incidence of episodic shell disease, a bacterial infection

that weakens lobsters’ immune systems, may also be

associated with warming waters (Tlusty and Metzler 2012;

Shields 2013). Warming waters have also been shown to

decrease survival and size at maturity of developing lob-

sters, which ultimately may decease overall fecundity

(Waller et al. 2017).

The vulnerability of the lobster fishery to climate change

is compounded by a low degree of diversity within GoM

fisheries. Historically, Atlantic cod (Gadus morhua) and

other large predatory groundfish diversified the region’s

fishing economy (Rosenberg et al. 2005), but lobster

(Homarus americanus) comprises 80% of the value of

modern Maine fisheries (Steneck et al. 2011). Lobster

populations in the GoM are considered stable and well

managed, with steady increases in landings since the late

1980s. However, the lack of diversity in Maine’s fisheries

and high investment in the lobster fishery leaves coastal

fishing communities highly vulnerable to perturbations

(Steneck et al. 2011). With vulnerability due to warming

waters and single resource dependence, and reduced resi-

lience as a consequence of degradation to the GoM marine

ecosystem, understanding the factors that affect adaptive

capacity of Maine’s lobster fishery will be critical.

The strong history of co-management and informal

social organization within the lobster fishery would sug-

gest that this fishery has a number of key attributes

important to adaptation. In particular, strong social net-

works exist at the state, regional, and local level (Waring

and Acheson 2018). The inshore fishery is managed by

the Maine Department of Marine Resources, which shares

management responsibility with seven spatially defined

Zone Councils that have democratic structure and limited

autonomy. These councils are credited for improving

conservation, for example, by setting trap limits and

limited entry rules that are more restrictive than those

mandated by the state (Waring and Acheson 2018).

Successful co-management relies on trust, institutional

structures for conflict resolution, the existence of bridging

organizations, and strong leadership (Berkes 2009); these

same traits are important in building adaptive capacity

(Cinner et al. 2018). The lobster fishery has been identi-

fied as a global example of co-management success (Dietz

et al. 2003), though its resilience to perturbations such as

price shocks has been recently questioned (Henry and

Johnson 2015). In addition, strong social structure exists

at the local level in the forms of lobster ‘‘gangs,’’ or

informal groupings of 8–50 boats that collectively defend

a territory defined by geographic features, such as a bay

(Acheson 2003). Both the competition among and the

collective decision-making within groups indicate strong

social organization at the local level (Wilson et al. 2007;

Waring and Acheson 2018). Social networks such as these

that promote information exchange can help fisheries

adapt to changing conditions (Cinner et al. 2018).
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MATERIALS AND METHODS

We investigated the adaptive capacity of fisheries threat-

ened by rapid climate change, using the Maine lobster

fishery as a case study. Specifically, we conducted in-depth

interviews with Maine lobster fishers to determine their

views on the effects of warming on lobsters and whether

they perceive the need to adapt to changes brought by

warming oceans. To contextualize climate change among

other drivers of change in the lobster fishery, we couple our

in-depth, qualitative interviews with semi-quantitative

‘‘mental models.’’ Mental models are personal, internal

representations of external reality, and are used to describe

and quantitate perceived relationships within complex

systems (Gray et al. 2013; Gray et al. 2015). The results of

these in-depth interviews and mental models provide

insight into the overall adaptive capacity of GoM lobster

fisheries.

In-depth interviews

Our research focused on active Maine lobster fishers, with

the goal of interviewing across a broad range of back-

grounds and experiences. Interviewees were identified

through organizations involved in the Maine lobster

industry such as the Maine Lobstermen’s Association. We

then used the chain referral or ‘‘snowball sampling’’

method where each participant was asked to identify

additional potential interviewees (Biernacki and Waldorf

1981). Interviews were conducted in person and were audio

recorded for later transcription and analysis.

The semistructured interviews focused on observations

and adaptive capacity to changes in the lobster fishery. We

asked specifically if interviewees had observed changes

throughout their careers in water temperatures, lobster

populations or dynamics, or other species within the GoM.

For any change identified, we asked why they thought

observed changes were happening and if they perceived

changes as having a current or future impact on lobster

fisheries. To understand better if fishers plan to adapt to

future climate-driven disturbances, we asked if they

thought that water temperature would impact the lobster

industry or their personal fishing practices, and if they had

plans to alter their practices in response to these changes.

Finally, we asked about long-term future changes to the

GoM lobster industry, including how lobster fishers

thought the industry would change in the next century and

what they thought would be the main drivers of change to

the industry.

All of the questions described above were open-ended

and aimed at allowing interviewees to describe change in

their own words. In addition, we asked respondents to rank

their agreements with the statements ‘‘I am concerned

about climate change,’’ and ‘‘I feel that I can influence the

fisheries management process,’’ ‘‘I trust fisheries man-

agers,’’ and ‘‘I trust other commercial fishermen.’’ Finally,

we collected demographic data on fishers including their

age, reliance on the fishery, and years of experience.

Mental models

In addition to these interview questions, we used fuzzy-

logic cognitive mapping (FCM) to construct mental models

on how lobster fishers perceive relationships among lobster

populations, human drivers, and other components of the

environment. Following the methodology of Özesmi and

Özesmi (2004), our multistep mental model approach

aimed to draw individual cognitive maps of causative

relationships in the lobster fishery. Mental models were

presented prior to questions about climate change to avoid

biasing results.

All 43 interviewees were asked questions related to our

mental modeling approach. The first 20 of these intervie-

wees were asked to identify or ‘‘freely associate’’ concepts

that related to the lobster fishery SES (Fig. 1) (Gray et al.

2013). When the rate of new concept identification pla-

teaued (Fig. 2), we then condensed the identified key

concepts, and conducted a second set of 23 interviews

using standardized concepts. During this second set of

interviews, participants were asked a series of pairwise

questions to identify potential positive or negative causal

relationships between all concepts and ascribe semiquan-

titative edge weights (‘‘low’’ = ± .33, ‘‘medium’’ = ± .66,

‘‘high’’ = ± 1). Maps were considered finalized after the

full set of pairwise questions were completed and the

participant was satisfied with the resulting map.

Fig. 1 Example of a hand-drawn individual mental model. In the first

phase of our interviews, lobster fishers were asked to free associate

important components of the lobster fishery, the relationship among

those components, and the strength of each relationship. These

concepts were then used to standardize the mental modeler interview

questions
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To visualize and analyze the mental models, we used the

online program Mental Modeler (www.mentalmodeler.org;

Gray et al. 2013). We limited our structural analyses to 23

interviews involving standardized concepts. We conducted

these analyses on both individual models and a ‘‘community

model’’ produced by averaging individual models (Özesmi

and Özesmi 2004). One structural metric useful in inter-

preting mental models is centrality, which represents the

relative importance of an individual concept to the overall

system. For individual concepts, centrality can be separated

into ‘‘indegree’’ and ‘‘outdegree’’ components. Both types

are calculated by adding the absolute values of edge weights;

indegree therefore represents the relative number and

strength of factors that affect a given variable, while outde-

gree represents the relative effect of one variable on all the

others. Centrality can be used to evaluate how important a

given variable is within a mental model, and therefore,

within the greater system that is being depicted.

RESULTS

We interviewed 43 fishers in 23 different towns along the

coast of Maine between October 2015 and October 2018.

The age of interviewees ranged from 17 to 85 years old

with a mean age of 47. The number of years of fishing

experience ranged from 1 to 78 with a mean of 27. Both

male (n = 35) and female (n = 8) fishers were interviewed.

The majority of interviewees received 100% of their per-

sonal income from the lobster fishery, with a mean of 83%

of income derived from the lobster fishery. The mean age

of Maine lobster fishers is 50 years old (Johnson and Mazur

2018), with an average of 31 years of experience (Singer

and Holland 2008), both similar to our interviewee pool.

One recognized difference in our sample was reflected by

the 19% of female fishers in our sample compared to the

estimated 4% statewide (Waring and Acheson 2018). There

were no demographic differences between the initial 20

interviews (used to generate key concepts) and second set

of 23 structured interviews that applied those key concepts

in a structured mental modeling framework.

Lobster fishers perceive warming waters, but many

do not plan to adapt

Our results indicate that the majority of lobster fishers are

aware of the effects of temperature-driven changes toMaine’s

lobster fishery. Of our 43 respondents, 84% reported having

observed temperature changes in the GoM, and 84% believed

that warming waters will affect the industry. However, only

67% thought that warming waters would affect them per-

sonally, and 51%had plans to adapt (Fig. 3). Stated adaptation

plans included diversifying fishing and increasing the num-

bers of licenses for different fisheries, supplementing income

with non-fishing activities, changing gear use (e.g., boats,

traps), location, or timing, and becoming more involved in

fisheries management and local politics.

Age was a significant factor in fishers’ perceptions of the

personal threat of warming waters and plans to adapt.

While fishers of all ages largely agreed that waters were

warming, those who reported that warming waters would

affect them personally were significantly younger (mean

42 years) than those who did not (mean 56 years;

(t(40)2.19, p = 0.02). Fishers with stated plans to adapt

were also younger (mean 43 years) than those who did not

(mean 54 years; (t(37)2.00, p = 0.03).

An ecosystem view: Displaced effort

and the potential for emergent fisheries

Lobster fishers viewed changes to the fishery within the

context of ecosystem change, perceiving both positive and

negative effects of this change on the lobster fishery.

Collectively, lobster fishers identified 39 species as

declining in abundance over their fishing careers, with

eight identified as declining due to warming waters

(Table 1). The majority of species’ declines were linked to

increased fishing effort, and the effects of ecosystem-wide

overfishing were viewed as having a spillover effect into

the lobster fishery. Specifically, declines in other species

Fig. 2 Concept accumulation curve of key concepts. The eight most

frequently cited concepts were used in the structured mental model

interviews

Fig. 3 Warming waters’ perceived effects on the lobster fishery.

Percentage of respondents who report having observed temperature-

driven changes in the Gulf of Maine; that warming waters will affect

the lobster fishery; that warming waters will affect them personally;

and that they have plans to adapt to these changes. N/r = ‘no

response’
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(e.g., northern shrimp (Pandalus borealis), menhaden

(Brevoortia tyrannus), and haddock (Melanogrammus

aeglefinus) were described as increasing pressure in the

lobster fishery, as displaced fishers attempted to enter the

lobster fishery. Lobster fishers described the effects of

increased fishing pressure in terms of declines in their

personal profit and individual lobster catches. One fisher

stated, ‘‘the piece of the pie has gotten smaller,’’ and

another described the effort as doubling or tripling in their

zone. Respondents were keenly aware of the lack of

diversity in Maine’s fisheries, with one respondent

describing lobstering as ‘‘the only thing left to do.’’

Table 1 An ecosystem view: A subset of the species fishers observed to increase or decrease. The percentage of respondents indicating that the

species has been depleted or had increased over the course of their careers; indication that depletions or increases were linked to warming waters;

that depletions have negatively impacted lobster fishery; and that increases had the potential to benefit local fisheries. Table is limited to species

either noted by three or more respondents, or that at least one respondent noted as linked to warm water or impact on lobster fishery

Species Decrease noted (%) Linked to warm water Impacts lobster fishery

Atlantic cod 2 Yes

Green urchin 2 Yes

Atlantic wolffish 2 Yes Yes

Northern shrimp 2 Yes Yes

Haddock 5 Yes

Atlantic menhaden 5 Yes

Silver hake 5 Yes Yes

Bluefish 5 Yes

Atlantic mackerel 7

Pollock 7

Atlantic herring 7 Yes

Rock crab 7 Yes

Striped bass 7 Yes

Sculpin 7 Yes

Dogfish 9 Yes

American plaice 9 Yes

Atlantic salmon 14 Yes

Lamprey eels 21 Yes

Winter flounder 23 Yes

Species Increase noted (%) Linked to warm water Potential to benefit

fisheries

Black sea bass 30 Yes Yes

Green crabs 30 Yes

American lobster 28 Yes Yes

Seaweed/Kelp 16 Yes

Barnacles 7 Yes Yes

Bluefish 7

Gray seals 7

American plaice 5 Yes Yes

Jellyfish 5 Yes Yes

Asian shorecrabs 5 Yes

Atlantic menhaden 5 Yes

Atlantic cod 5 Yes

Gray triggerfish 5 Yes

Blue crab 2 Yes Yes

Squid 2 Yes Yes

Seahorse 2 Yes

Octopus 2 Yes
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Lobster fishers also reported increases in abundance of

certain species in the GoM. Collectively, 35 species were

identified as increasing in abundance; 12 of these increases

were linked to warming waters, including lobster and black

sea bass (Centropristis striata). Interviewees expressed

cautious optimism about the potential for emergent fish-

eries as the ranges of more southerly species shift north.

Fishers viewed increases in species like squid (Doryteuthis

pealeii), green crabs (Carcinus maenas), and black sea bass

as having the potential to be developed into commercial

fisheries locally, augmenting or replacing fisheries in

decline. However, lobster fishers were reserved in their

enthusiasm about emergent fisheries offering opportunities

for diversification. One stated that he believed that the

current conditions in the GoM are not yet suitable for

warmer-water species. Another thought it might be possi-

ble to switch species but expressed concern about whether

the population size of new species could support a com-

mercial fishery. In addition, population increases in species

such as black sea bass were viewed as potential threats to

native species, with some lobstermen concerned that sea

bass would increase predation pressure on juvenile lob-

sters. One interviewee stated, ‘‘The black sea bass are now

going to come in and take the place of the codfish …I don’t

think it’s a good thing.’’

Mental models of the Maine lobster fishery

In total, respondents identified 64 key concepts associated

with the lobster fishery (Fig. 2), with the number of new

concepts diminishing over time. Of the 64 identified con-

cepts, we selected the eight most frequently cited to use in

the structured interviews. These were lobster populations,

predator populations, prey populations, habitat, warming

coastal waters, pollution, commercial fisheries, and man-

agement actions. For three of these (predator, prey, and

habitat), respondents were asked to identify the most

important predator, prey and habitat for lobster, which

allowed for some variation in responses.

Drivers of change

Centrality values in the averaged community model

revealed the components of the system, which were per-

ceived to be the most common and significant drivers of

change (Table 2, Fig. 4). Overall, centrality demonstrates

the prevalence and relative importance of each variable. Of

the eight concepts, lobster populations unsurprisingly

ranked the highest (4.36); warming coastal waters ranked

the lowest (1.48), due to the fact that the indegree value

was almost always 0. The concepts with the highest inde-

gree values were lobster (3.08), commercial fisheries

(2.99), and predator populations (1.98), meaning that these

components of the system are perceived to be the most

affected by cumulative impact of the other concepts. In

contrast, fishers perceive pollution to be the most signifi-

cant driving concept (3.44), followed by management

actions (1.51), and warming waters (1.45). For each of the

top three identified drivers, we use information from the in-

depth interviews to further explore perceived relationships.

Pollution

Pollution was identified as the most significant driver in the

lobster fishery, with the highest overall outgoing centrality

value. Pollution was perceived as having negative impacts

on lobster populations, predator populations, prey popula-

tions, habitat, and commercial fisheries (Fig. 4). The per-

ceived effect of pollution on lobster populations was

strongly negative (- 0.65); several respondents ranked it

as having the highest possible impact (- 1.0). However,

our in-depth interviews revealed that fishers defined the

term ‘‘pollution’’ broadly. For example, one lobster fisher

Table 2 Mean centrality values. Outward centrality indicates driving

concepts, while inward centrality indicates receiving concepts

Concept Mean centrality Outdegree Indegree

Lobster populations 4.36 1.29 3.08

Commercial fisheries 4.19 1.20 2.99

Pollution 3.50 3.44 0.06

Predator 2.83 0.85 1.98

Prey 2.83 1.33 1.50

Habitat 2.65 1.10 1.55

Management actions 2.50 1.51 0.98

Warming coastal water 1.48 1.45 0.03

Fig. 4 The community model. A mental model showing the eight key

concepts and their average relationships as expressed by lobster

fishers. The size of the circle represents the overall centrality of that

concept (See Table 2 for specific values); the width of each line

indicates the relative strength. Positive relationships are indicated

with a gray line arrow, while negative ones are indicated with a red

line arrow
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cited the potential for a decommissioned nuclear power

plant near his home to leak, while others linked epizootic

shell disease to local wastewater treatment plants. When

discussing the potential effects of pollution in Maine,

fishers frequently referenced other areas where lobster

populations have recently crashed, such as Narragansett

Bay and Long Island Sound. One said, ‘‘I think that [the

population crash] had a lot to do with spray and runoff. I

bet it could happen here.’’ The effects of insecticides were

commonly mentioned. Another fisher said, ‘‘They sprayed

pesticides on the mosquitoes and the pesticides directly

affected the lobster larvae [in Narragansett Bay].’’ Declines

in southern lobster populations were also linked to ‘‘trash

barge pollution’’ and a general view of degraded waters.

However, some respondents pointed out key differences

between Maine’s oceanographic conditions and those far-

ther south, such as one who said, ‘‘Long Island had a

problem with fertilizer and its very contained so it’s not

comparable to the big open water we have here. There is

just more water moving around.’’ Therefore, despite the

high outgoing centrality value for pollution in the mental

models, the in-depth interviews indicate that respondents

may consider pollution as a potential impact based on their

perceptions of drivers in other locations.

Management

Management was identified as the second greatest per-

ceived driver of change in the lobster fishery, with positive

impacts on all other components of the system (Fig. 4). The

mean effect of management on lobster populations was

0.51, or moderately positive; the majority (78%) of inter-

viewees indicated that management had a positive impact

on lobster populations. In the in-depth interviewees, one

fisher said, ‘‘Maine’s always managed their lobster fishery

in a way that watched out for the resource.’’ Maintaining

limited entry laws was cited as key to success: ‘‘If I had my

way it wouldn’t change one bit… Licenses should never be

able to be sold. Maintain a steady number of traps. Catch

laws, and all the conservation laws are all paying off today,

which is why we’re seeing the lobster fishery doing what

it’s doing.’’ Notably, fishers perceived a positive interac-

tion between management actions and commercial fish-

eries, with each perceived as having a positive effect on the

other (Fig. 4).

Despite these positive results, some fishers indicated

frustration with the management process: 13% indicated

that management had a negative impact on lobster popu-

lations, and 9% indicated the relationship was neutral. In

the in-depth interviews, fishers confirmed these disparate

views. Negative descriptions often focused on management

failures in other fisheries, including groundfish and shrimp,

blaming policy decisions for overfishing, with subsequent

increased pressures on the lobster fishery. Respondents

with a negative view of management consistently stated

that management agencies were to blame for encouraging

more effort in the lobster fishery. As one respondent said,

‘‘The lobstering field cannot take any more effort, but

they’re still encouraging too many students to go through

the courses.’’ Corresponding to this mixed view of man-

agement, two-thirds (66%) agreed that they were able to

influence decisions made by fisheries managers, but the

majority (62%) also stated that they did not trust managers.

Levels of trust for fisheries managers were significantly

lower than trust for other commercial fishers, with only

14% of fishers stating that they did not trust fellow com-

mercial fishers. However, on the whole, our interviews

reveal largely positive views of management among Maine

lobster fishers.

Warming waters

Warming coastal waters were identified as the third most

important driver in the lobster fishery. The average coef-

ficient for the effect of warming waters on lobster popu-

lations was - 0.36, but like management actions,

respondents were split on whether warming waters had a

positive or negative impact on lobster populations. While

the majority (61%) indicated a negative interaction, 22%

viewed warming waters as having a positive effect and

17% indicated neutral effect on lobsters. In addition to the

effect on lobsters, on average, fishers viewed warming

waters as detrimental for commercial fisheries (- 0.39),

predators (- 0.28), prey (- 0.19), and habitat (- 0.23)

(Fig. 4).

The in-depth interviews confirmed the majority view

that warming waters would be detrimental to lobsters, but

expressed the opinion that warming waters to date have

been favorable. According to one respondent, ‘‘If the water

continues to warm at the rate, it will go from a very pos-

itive impact to a very negative one.’’ These impacts include

geographic shifts and increased disease. As one respondent

said, ‘‘[increased ocean temperature] would probably be

negative. That’s what makes us unique—our cold water.

Too warm and whole ecosystem’s going to move north.’’

Another said, ‘‘If it gets warm enough then the lobsters are

going to leave. They will seek much deeper water or head

north.’’ The same respondent highlighted the potential

impact of shell disease at warmer temperatures: ‘‘Warmer

water is a more favorable environment for bacteria. There’s

generally more stress on the animal.’’ Another respondent

expressed concern with how warming waters might allow

more new species to take hold in the GoM: ‘‘[Other species

moving in] would be a negative in my book. I don’t want

invasives. I want to keep [the GoM] the way it has been for

years.’’ Despite these concerns, some respondents
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expressed an equivocal view: ‘‘There may be losers and

there may be winners. Maybe we’ll all be jellyfishing.’’

Despite concerns for the effects of future warming,

respondents expressed optimism for two reasons. First,

they believed that the timeframe of negative impacts is too

far in the future to be of consequence. One said, ‘‘It’s going

to be a long time…’’ while another said ‘‘We’re looking at

this in too small scale—it has to be over 500 years to make

a difference.’’ The second, commonly expressed reason for

optimism was the view that water temperatures are cyclical

and driven by natural cycles, and therefore, would not

continue to increase in the future. One respondent

explained his hesitancy to attribute changes in water tem-

perature to humans by saying, ‘‘it fluctuates every year.’’

Natural cycles were linked to year-to-year changes in

species migration patterns (lobster, bluefish, herring), and

population size (lobster, striped bass, eelgrass), ontogenetic

changes such as lobster molting (shedding), and shell dis-

ease. The perspective that these changes occur primarily

through natural cycles was linked to the belief that the

GoM is a resilient ecosystem. One respondent said, ‘‘The

GoM is lucky, it’s resilient, because look at the currents.

The Labrador current that comes down we’ve got that

natural cold water… We’ve got that little safety net there.’’

References to natural cycles were often tied to the belief

that current changes in GoM ecosystems had the potential

to reverse in the future, with one lobsterman saying, ‘‘there

is a historical peaks and valleys.’’

A natural or aquaculture system?

One key pattern that the mental models revealed was the

degree to which lobster fishers viewed the abundance of

lobsters as primarily controlled by natural ecological

interactions, or by the fishers themselves. One quarter

(26%) of respondents identified the most important

predator and prey of lobster naturally occurring compo-

nents of the GoM ecosystem. These respondents listed

groundfish or seals as the most important predator of lob-

sters, and mollusks, crustaceans, bottom fish, or dead fish

as their most important prey, and believed that changes to

other species had impacted lobster populations. For

example, according to one, ‘‘There’s been a big increase in

the number of lobsters caught. It’s got to be something to

do with the codfish. There are less predators.’’ The same

respondent also suggested that the overfishing of sea

urchins might be helping with lobster success: ‘‘Kelp is

coming back which is good for the lobsters [as habitat].

[Kelp is coming back] because the urchins are getting

overfished.’’

In contrast, the majority of fishers believed that the

lobster fishery is completely or partially domesticated, with

humans dominating the dynamics of the lobster population.

Half of respondents (48%) had a ‘‘partial aquaculture’’

view of the fishery, listing a marine animal as the most

important predator, but bait from lobster traps as the most

important food source of lobster. The remaining quarter of

respondents (26%) identified humans as the most important

predator and bait as the most important food source of

lobster, suggesting that the current lobster fishery functions

much like an aquaculture system. Across these respon-

dents, the role of bait in growing the population of lobsters

was consistently highlighted. According to one ‘‘When I

was a kid, we used bait bags the size of my fist. Now my

bait bag is the size of a basketball…It’s an aquaculture

setting. We’re training them.’’ These two groups did not

differ significantly in terms of demographics, support for

management, agreement about the effects of warming, or

optimism for the future.

When the average mental models were compared for

respondents with a natural-system view and those with an

aquaculture or partial aquaculture view, key differences

emerged. First, ‘‘aquaculture’’ models indicated that prey

was a more significant driver of lobster populations than

that of natural-system models (0.62 vs. 0.28). Conversely,

the effects of warming waters on lobsters were reduced in

the aquaculture model (- 0.29 vs. - 0.61), and manage-

ment actions were less impactful across all seven other

variables than in the natural-system model.

The lobster fishery in 100 years

Lobster fishers diverged on their degree of optimism about

the future of the industry. Only 8% of respondents

expressed pure optimism for the future, saying that they

thought the changes to the GoM would be good for fishers.

Notably, these respondents were significantly older than

those who expressed neutral or negative views with a mean

age of 67 years (t(35) = - 2.03, p = 0.03). More than half

(59%) expressed pessimism, saying that they thought

changes were bad for fishers, and 32% expressed a neutral

view. However, most (66%) said that they thought the

lobster industry would exist in some form in 100 years;

14% said they thought it would not exist, and the remainder

said they did not know. One of those who said that the

fishery would not exist expanded on this view, saying

‘‘[We] won’t be doing it at all. I doubt it. And I don’t even

know as if it’ll take that long…. There’s no groundfishing

fleet here in Maine anymore. Eventually lobster will get

taken down.’’ Another said, ‘‘I’d give the [Maine lobster

fishery] 7–10 more years in Southern Maine and

20–25 years for until the whole state’s lobster industry

crashes.’’ Those with more optimistic views of the future

referred back to their earlier views of natural fluctuations,

such as one who said, ‘‘as long as there is an ocean there

will be lobsters. Like I always say there will be good years
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and there will be years that aren’t as good.’’ Another said,

‘‘Barring a natural disaster, you’re not going to be able to

catch’’ all the lobsters.

Optimism was due also to views that advancements in

technology would alleviate the effects of ecological

change. Technological advancements came in two forms.

The first was larger and more boats. One respondent said,

‘‘I don’t think I’d recognize it, I think all the boats will be

huge and they’ll be fishing offshore.’’ Another said, ‘‘I

think we’ll always fish for lobster. I think you’re going to

find with equipment, with electronics, it’ll be a lot more

streamlined.’’ The other form of technology had to do with

aquaculture, and a view that the already domesticated GoM

would move farther in that direction in the future. One said

that in one hundred years, ‘‘You wonder if they will all

even be doing it at that point. If it will be like a farm type

thing.’’ Another said, ‘‘Probably by then everything will be

farm raised, lobsters included’’ and a third said, ‘‘To a

certain degree it has to progress a little bit toward aqua-

culture.’’ This view of the future echoes the view of the

current lobster fishery as partially or completely

domesticated.

Differences among fishers with plans to adapt

We identified key differences between the fishers who

indicated that they planned to adapt to warming waters

compared to those who said they did not. First, those that

planned to adapt were more worried about climate change;

77% expressed concern compared to 14% among fishers

who did not have plans to adapt. The results of the mental

models confirmed that those with plans to adapt viewed

warming waters as more of a system-wide threat. Fishers

with plans to adapt responded that warming waters nega-

tively impacted the lobster fishery—and all of the other

relevant variables (predators, prey, habitat, and commercial

fisheries)—to a greater degree than those with no plans to

adapt; their additive mean value was - 2.33, compared to

- 0.17 for the fishers with no plans. Those with plans to

adapt also expressed greater concern about pollution,

expressing greater negative impact of pollution across all

relevant variables (lobster, predators, prey, habitat, and

commercial fisheries).

There were also differences in how those with plans to

adapt viewed the degree of human influence over the lob-

ster fishery and its management. Fishers with plans to adapt

more frequently had an artificial ‘‘aquaculture’’ view of the

fishery, with half of these fishers listing humans as the most

important lobster predator. In contrast, those who did not

plan to adapt expressed natural or partial aquaculture

views; no member of this group listed humans as key

lobster predators. Finally, those with plans to adapt

expressed a greater confidence that they were able to

influence management decisions, with 85% responding

affirmatively to the statement ‘‘I feel that I am able to

influence decisions made by fisheries managers,’’ com-

pared to 29% of those who were not planning to adapt.

Taken together, our results suggest that those with plans to

adapt have a fundamentally different view human agency

in this system, observing greater anthropogenic threats in

the form of climate change and pollution, but also a greater

ability to control the lobster fishery through their own

actions on the water and through fisheries management

decision making.

DISCUSSION

Understanding overall and specific risks of climate change

is key to predicting when individuals and groups deploy

their resources to adapt to climate change (Marshall and

Marshall 2007; Marshall et al. 2007; Mortreux and Barnett

2017). In the Maine lobster fishery, we found consensus

among fishers that waters have warmed, and that continued

warming waters will negatively affect the industry. How-

ever, fewer believed that this warming would affect them

personally and even fewer had stated plans to adapt. Some

of these differences can be explained by age, but they may

also reflect what Mortreux and Barnett (2017) call opti-

mism bias: the cognitive process in which people under-

estimate the likelihood of negative events affecting them

personally, and therefore do not protect themselves. In

addition, there was disagreement about the causes of

warming water, with many fishers pointing to natural

cycles rather than anthropogenic climate change, and

indicating a belief that waters would cool again in the

future. This viewpoint may be founded on historical events,

such as warming and cooling periods that occurred

between 1945 and 1960 (McClenachan et al. in review).

Our finding that fishers with plans to adapt had a funda-

mentally different view of human agency in the lobster

SES agrees with predictions from previous studies that

psychosocial elements are essential to understand adapta-

tion outcomes (Mortreux and Barnett 2017).

Our results suggest that adaptation outcomes may differ

widely among individuals in the Maine lobster fishery, with

those who view themselves as having agency taking

adaptive action while others do not. Those fishers who had

stated plans to adapt described adaptation strategies that

have been found to be successful in other locations,

including diversifying income streams, changing gear use

and becoming more involved with fisheries management.

Such stated plans demonstrate a flexibility and commit-

ment to building social institutions in a manner that is

predictive of successful adaptation (Cinner et al. 2018). It

may also be the case that the strong sense of community
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within and competition among groups of lobster fishers and

the social organization that exists at the local and regional

level (Acheson 2003; Wilson et al. 2007; Waring and

Acheson 2018) will result in information sharing that leads

to broader climate adaptation. For example, many lobster

fishers have invested in larger boats, which is a way of

adapting to temperature-driven movements of lobster

offshore.

A lack of prioritization of the effects of warming waters

may also be related to the more complex view that fishers

expressed about social and ecological change within GoM

fisheries. In particular, fishers indicated that the history of

mismanagement and overfishing in the GoM had direct

impacts on their own industry, with fishing effort from

other collapsed fisheries displaced into the lobster fishery.

These collapses may have also had had indirect impacts in

the lobster fishery, through an erosion of trust in the

management process. The relative lack of trust that we

found within the lobster fishery in management is sur-

prising given the lobster fishery’s reputation as a pinnacle

of co-management success (Dietz et al. 2003). Our inter-

view results suggest that this may be a consequence of

living in the shadow of the groundfish fishery. The lack of

trust in the cod fishery is well known (Kaplan and McCay

2004; Acheson 2011; Acheson and Gardner 2014);

respondents indicated that they feared similar processes

have been contaminating their own fishery. Thus, these

results suggest that the negative outlook on fisheries

management in collapsed fisheries may be contagious, such

that fishers in neighboring fisheries become negative about

the management process because of eroded trust in man-

agement more generally.

Lobster fishers may be adapting to this regionwide

ecological and social change by embracing a highly

domesticated lobster fishery. Our analyses of mental

models revealed that the majority of lobster fishers viewed

the lobster fishery as an aquaculture system, acknowledg-

ing that overfishing had removed lobsters’ natural preda-

tors, and that fishers fed lobsters with baited traps. In fact,

the subsidy provided by baited traps has been shown to be

substantial, estimated at up to 15% of fisheries productivity

(Grabowski et al. 2010). Notably, the perception of the

lobster fishery as an aquaculture system affected fishers’

beliefs about other drivers of change. In particular, those

who viewed the system as highly domesticated believed

that that warming waters had less of an impact on lobster

populations. This finding suggests that the domestication of

the lobster fishery may in itself be viewed a form of climate

change adaptation, as fishers attempt to buffer their

industry from change by controlling the production of

lobsters. In addition, the interviews revealed that many

fishers think the fishery will still exist in 100 years with the

help of increased technology and a further movement

toward aquaculture. Therefore, embracing and perpetuating

the current state may be one way that fishers are adapting to

future change. This can also be seen in the lack of buy-in

among lobster fishers to promoting the recovery of

groundfish. On the other hand, embracing this form of

adaptation may be an example of maladaption, or adapta-

tion in a way that acts to erode system resilience (Criddle

2012).

The views expressed by Maine lobster fishers under-

score the need to understand fishers’ perception and

knowledge in fisheries management (Johannes et al. 2000).

Fishers’ daily first-hand view of change on the water means

that their observations are key to perceiving change (Drew

2005; Silvano and Valbo-Jørgensen 2008). Maine lobster

fishers have observed warm water species like black sea

bass, which have been reported as potential replacements

for declining landing in other fisheries (e.g., Trotter 2018).

At the same time, we found that lobster fishers’ views of

long-term change and ecological interactions complicate a

potential transition from lobster to new target species like

black sea bass, with some considering increases in any

predator a threat to the highly simplified ecological system

that has allowed lobster to thrive. Understanding such

perceptions and values is important in facilitating any

transition to a more diverse fishery (Cinner et al. 2018).

Finally, our results underscore the need to understand the

views of fishers with regard to the management process.

While the Maine fishery is looked to as a model of co-

management success, we found fishers view the manage-

ment of the lobster fishery differently, with nearly 70% of

respondents lacking trust in fisheries managers. Henry and

Johnson (2015) similarly reported dissatisfaction among

fishers with the management process, suggesting that the

rigidity of the institutional framework inhibits resilience.

However, also we found that trust for fellow fishers was

high, suggesting that the informal social institutions that

have promoted conservation ethic in the fishery are still

strong. Any adaptation to change will require understand-

ing the importance of fishers’ knowledge and perceptions,

from sensing change to sharing knowledge about the best

ways to adapt to that change.

Taken as a whole, our results reveal the complexity of

adaptive capacity to climate change. We found that

agreement over drivers of change is low. In addition, the

consequences of ecological degradation and the collapse of

other fishery in the GoM have included greater insularity

within the lobster fishery, with lobster fishers worried about

displaced effort and cynical about the potential for man-

agement failure. The view of the lobster fishery as nearly

entirely ecologically self-contained, with humans acting as

both predator and provider of prey, may ultimately reduce

adaptive capacity, with the panacea of technology and

further domestication replacing a more holistic view of
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ecosystem recovery. However, it also appears that fishers

with stated plans to adapt have more concern about

anthropogenic threats and also describe a greater engage-

ment with the management process, which may be

important in instigating community level adaption (Barnes-

Mauthe et al. 2013; Cinner et al. 2015). Therefore, com-

munity level adaptation may hinge on these individuals

with a greater than average engagement with the man-

agement process, elevated concern about climate change,

and stated plans to adapt, providing some optimism for

future adaptation to climate change.
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