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Chapter 2
Fishers’ Perceptions of Environmental 
and Climate Change in Puerto Rico: 
Implications for Adaptation 
and Sustainability

Tarsila Seara, Richard Pollnac, and Karin Jakubowski

Abstract Marine fisheries in the Caribbean are vulnerable to a wide range of envi-
ronmental and climatic change impacts. Direct and indirect effects of these impacts 
on fish species affect the ability of fishers to harvest them resulting in reductions in 
revenue and food security. Understanding factors impacting and transforming fish-
eries from the viewpoint of the fishers is crucial for developing adequate strategies 
to maximize coastal communities’ resilience and adaptation to change, particularly 
under future climate change scenarios. This study uses qualitative and quantitative 
data collected from 212 surveys with Puerto Rican fishers to explore aspects of fish-
ers’ subjective perceptions of environmental and climate change and investigate 
factors influencing these perceptions. Our findings show that fishers perceive the 
local environment and climate to have undergone significant changes in the past 
couple of decades and they believe these changes have been affecting the fishery 
and consequentially leading them to adapt. Adaptations to these impacts, which 
consist mostly of seeking new fishing grounds, have led them to increase their expo-
sure to risks, particularly among SCUBA divers fishing in deeper waters and farther 
away from the coast. Results also show important relationships between fishers’ 
perceptions of the status of fishery resources, demographics, levels of environmen-
tal awareness, and concern about climate change. These findings have significant 
implications for the development of policy and educational strategies aimed at 
increasing sustainability and well-being in fishing communities.
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2.1  Introduction

Marine ecosystems and resources worldwide are being transformed and threatened 
by human activity at an increasing pace. In the Caribbean region, economic devel-
opment and population growth have generally occurred without effective policies 
to safeguard the sustainability of natural resources, resulting in rapid degradation 
of coastal waters and critical ecosystems (Valdés-Pizzini et al. 2012). Ecological 
deterioration and overexploitation and overfishing have contributed to the collapse 
of many important fishery resources in the region, reducing biodiversity, revenues, 
and the resilience of fishers, their families, and communities. Marine fisheries in 
the Caribbean are also vulnerable to a wide range of climate change impacts. 
Among the most significant are loss of critical habitat such as mangrove forests 
and seagrass beds (Short et al. 2016; Alongi 2015), coral bleaching and disease 
(Baker 2014; Randall and Woesik 2015), changes in patterns of freshwater flows 
(Holding and Allen 2015), and ocean acidification impacting shell formation for 
corals, plankton, and shellfish (Rhein et al. 2013). Climate change impacts also 
affect the life cycles, abundances, and distributions of fish species (Perry et  al. 
2005). Fishing is an important cultural and socioeconomic component in the 
Caribbean context. Understanding factors impacting and transforming this activity 
from the viewpoint of those directly involved, that is, the fishers, is crucial for 
developing strategies that will maximize coastal communities’ resilience and adap-
tation to change in the region, particularly under future climate change scenarios. 
This study uses data collected from surveys with Puerto Rican fishers to explore 
aspects of fishers’ subjective perceptions of environmental and climate change and 
investigate factors influencing these perceptions.

2.1.1  Climate Change and Fisheries

In fishing communities, direct and indirect impacts of environmental degradation 
and climate change on species that are important for income and subsistence affect 
the ability of fishers to harvest them (Sumaila et al. 2011; Pinsky and Mantua 2014; 
McCay et al. 2011; Allison et al. 2009; Weatherdon et al. 2016) resulting in reduc-
tions in revenue and food security. Declines in revenue impact fishers and their 
families as well as local economies by negatively affecting supporting businesses 
such as seafood dealers and distributors, fish markets, and restaurants and associ-
ated sectors such as tourism. Impacts on the ability of fishers to catch fish for their 
subsistence result in reduced food security. In small-scale fishing communities, and 
as evidenced in Puerto Rico (Garcia-Quijano et al. 2015; Griffth and Valdés-Pizzini 
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2002), it is common practice for fishers to give a portion of their catch to family and 
other community members. Thus, reductions in catch also affect practices that fos-
ter the development and maintenance of social ties that are important for generating 
social capital. Natural resource decline also influences changes in fishery manage-
ment, for example, prompting reduction of allowable catches and extended clo-
sures, contributing to pressures associated with resource scarcity and further 
affecting fishing communities’ socioeconomic well-being. In addition, from a 
human dimensions perspective, fishing communities are typically located in low- 
lying zones which are at risk from sea level rise and present high exposure to 
extreme weather events (Nicholls and Cazenave 2010), potentially compounding 
their socioeconomic vulnerability under climate change.

Transformations associated with environmental and climatic change and the 
potential impacts of indirect effects on range and productivity of commercially 
important species require that fishers adopt strategies to respond adaptively. 
Adaptive responses may include within-fishing adaptations, for example, finding 
new fishing grounds and exploiting different species, or outside-fishing adaptations, 
that is, finding alternative income or employment (Pinsky and Mantua 2014; Cinner 
et al. 2011; McCay et al. 2011). Poverty and other types of marginalization in fish-
ing communities may reduce the ability of fishers to adapt to changes (Daw et al. 
2009), particularly through outside-fishing adaptations. In addition, a great deal of 
research suggests that fishers are reluctant to leave the occupation of fishing even 
under economic hardship due to a combination of sociocultural and psychological 
factors (Smith and Clay 2010; Pollnac et al. 2015). Job satisfaction in fisheries has 
long been recognized as an important aspect related to fishers’ adaptation to change 
(Pollnac and Poggie 1988). Although satisfaction with aspects of one’s job is impor-
tant in any occupation, it is especially significant in fishing jobs. Among fishers, the 
structure of job satisfaction includes attributes of “adventure,” “challenge,” and 
“being outdoors” that are infrequently found in other occupations (Apostle et al. 
1985; Pollnac and Poggie 1988, 2008; Binkley 1995; Pollnac et  al. 2008; Seara 
et al. 2017a, b). Understanding these satisfactions derived from fishing is important 
because the more attached people are to their jobs, the more difficult it is to either 
leave or deal with significant changes to their occupation. For people presenting 
strong occupational attachment, the prospect of losing their jobs may represent not 
only the loss of income but of part of their self-identity (Marshall et  al. 2007). 
Therefore, leaving the occupation of fishing altogether as an adaptation strategy is 
unlikely and of particular concern for individual, familial, and community well- 
being (Pollnac and Poggie 2008; Pollnac et al. 2015). In a detailed ethnography of 
Puerto Rican fishers, Griffith and Valdés-Pizzini (2002) describe that a great deal of 
them consider fishing as “therapy.” Many Puerto Rican fishers who work on land 
jobs (e.g., farming) during the fishery off seasons return to the sea, to what they 
describe as a healthy activity that keeps their minds occupied on useful things and 
that provides relief from stress (Griffith and Valdés-Pizzini 2002). In a study com-
paring Southeast Puerto Rico and other fishing communities in the USA and the 
wider Caribbean region, Seara et al. (2017b) found that Puerto Rican fishers pre-
sented the highest levels of job satisfaction among compared samples. The authors 
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argue that high job satisfaction among Puerto Rican fishers is associated with free-
dom to pursue their own inclinations in fishing and other livelihood activities and 
spend time with friends and family, coupled with a sufficient material well-being 
and strong social ties within their communities (Seara et  al. 2017b). Therefore, 
changes resulting from climate change and other anthropogenic impacts affecting 
the fisheries in Puerto Rico will have significant impacts on the psychological and 
social well- being of fishers and their families. According to Daw et al. (2009), “cli-
mate change impacts on fisheries will occur in the context of, and interact with 
existing drivers, trends and status of fisheries.” Specifically in Puerto Rico, evidence 
of the significance of fisheries to economic, cultural, psychological, and basic sub-
sistence aspects further emphasizes the challenges associated with fishers’ adapta-
tion to environmental and climate change.

2.1.2  Puerto Rico Fisheries

Fishing activities in Puerto Rico are predominantly dependent on nearshore coral 
reef systems (Appeldoorn 2008) and adjacent ecosystems such as seagrass beds and 
mangrove forests. Coral reef ecosystems in the Caribbean have been declining for 
at least the last 40 years, although pinpointing the beginning of the decline has been 
difficult (Appeldoorn et al. 2009). Overfishing and climate change are considered 
two of the most significant threats for the great majority of Puerto Rico’s reefs and 
marine ecosystems (García-Sais et al. 2008; Rogers 2009; Ramos-Scharrón et al. 
2015; Loh et al. 2015; Hernández-Delgado et al. 2014). In 2005, a widespread coral 
bleaching event associated with record high seawater temperatures in the Caribbean 
region heavily impacted Puerto Rico’s coral reefs (Wilkinson and Souter 2008). 
Following the bleaching event, researchers in the region reported an average of 50% 
decline in live coral cover and up to 90% mortality of coral colonies at specific 
monitoring sites (Miller et al. 2006; García-Sais et al. 2006; Woody et al. 2008). 
Donner et al. (2007) attributed this particular event to anthropogenic warming. The 
study suggests that greenhouse gas emissions increase the probability of events of 
extreme thermal stress in the region by an order of magnitude, which could result in 
events, such as the one that occurred in 2005, becoming biennial occurrences within 
the next 30  years (Donner et  al. 2007). The authors further stated that expected 
increase in hurricane activity in the region, also as a result of human-induced cli-
mate change, would critically damage and endanger corals already weakened by 
bleaching events (Donner et al. 2007). The 2017 Atlantic Hurricane Season (AHS) 
was one of the most active in history producing six hurricanes above category 3 and 
breaking the record for most consecutive storms in the satellite era (NOAA 2018a). 
The most intense hurricane of the 2017 season, category 5 Maria, made landfall in 
Puerto Rico in September and was the most intense storm to hit US territory in 
recorded history (NOAA 2018a). The 2017 AHS, particularly the two most intense 
storms Irma and Maria, caused catastrophic damage to Puerto Rico communities 
and resulted in substantial damage to the island’s shallow water coral reefs (NOAA 
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2018b). Storm damage to Puerto Rico coastal communities’ infrastructure and to 
coral reefs and adjacent ecosystems can significantly impact productivity in the 
island’s marine fisheries.

The Puerto Rican fishery sector is comprised mainly of small-scale operations 
that often consist of an owner and a crew of typically no more than three members 
that fish from small vessels with limited horsepower. According to Garcia-Quijano 
(2009), the Puerto Rican fisheries’ socioeconomic context can be typified by “het-
erogeneity and unpredictability of opportunities for employment and for covering 
the basic needs of subsistence.” Research suggests that, even though the fishery 
sector in Puerto Rico is generally characterized by occupational multiplicity, fisher-
ies and coastal-based resource extraction constitute important components of the 
cultural and socioeconomic context of most coastal communities (see Garcia- 
Quijano et al. 2015). According to the latest census of Puerto Rican fishers con-
ducted in 2008, approximately 900 individuals engage in the activity throughout the 
island (Matos-Caraballo and Agar 2011). There is indication, however, that the 
actual number is higher, ranging between 1500 and 2000 as suggested by qualitative 
data, since many fishers in the island are not fully licensed (Tonioli and Agar 2011). 
The licensing system in Puerto Rico requires that fishers provide proof of income 
deriving from fishing in the form of tax documentation in order to be considered 
eligible for either part- or full-time fishing licenses (Matos-Caraballo 2009). As 
mentioned above, the fishery sector in Puerto Rico has been historically character-
ized by occupational multiplicity (Garcia-Quijano et al. 2015; Griffith and Valdés- 
Pizzini 2002) which may be in conflict with the current licensing system, therefore 
unintentionally creating an incentive for unlicensed and, thus, under- or unreported 
fishing activity.

Fishers in Puerto Rico are typically organized around fishery centers/associa-
tions (villas pesqueras) or along coastal townships. Catches consist of relatively low 
quantities of diverse species (Griffith and Valdés-Pizzini 2002) including snappers 
(Lutjanidae), groupers (Serranidae), and a variety of crustaceans and mollusks that 
are sold to the villas pesqueras and private fish markets (pescaderias), or more 
informally from fishers’ houses or directly to buyers or restaurants. Puerto Rican 
fishers typically engage in multiple gear activities including nets, traps, hook and 
line, and harpoon. In recent years, the percentage of fishers practicing SCUBA div-
ing has increased considerably: from approximately 35% in the mid-1990s to 
between 40 and 50% in 2008 (Matos-Caraballo and Agar 2011). According to 
Matos-Caraballo and Agar (2011), this reflects a necessity for fishers to become 
more specialized as a result of declines in coastal catches. Down trends in commer-
cial fish landings in Puerto Rico have been reported since the 1970s (Matos- 
Caraballo 2009; Bryan et al. 2016) with an alarming decline of approximately 69% 
occurring between 1970 and 1990 (Appeldoorn et al. 1992). The species predomi-
nantly targeted by SCUBA divers are spiny lobster (Panulirus argus) and queen 
conch (Strombus gigas).

Awareness of the importance of understanding human dimensions of fisheries 
has been increasing considerably in the past few decades (see Weeratunge et  al. 
2014), and, with that, a new focus is given on fisheries governance as opposed to 
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merely management (Daw et al. 2009; Pittman et al. 2015). A focus on governance 
provides a more holistic approach in which both formal and informal arrangements 
and institutions are involved in decisions affecting the use of natural resources (Juda 
1999), thus allowing for more opportunities to incorporate human dimensions and 
resource users’ involvement in decision making. In the face of environmental deg-
radation, resource decline, and climate change, successful adaptation in fishing 
communities will require the implementation of policy strategies that are informed 
by human dimensions in order to properly consider crucial aspects such as job sat-
isfaction, food security, social networks, and overall well-being, while safeguarding 
natural resource sustainability and ecological resilience. Government intervention 
and policies must facilitate adaptive capacity, particularly within vulnerable com-
munities (Adger 2003; Daw et al. 2009). In general, the objective capacity of indi-
viduals or societies to adapt to change is determined by availability of resources and 
an individual’s or group’s access to those resources. On the other hand, subjective 
aspects of adaptation are associated with peoples’ perceptions of the adequacy of 
available resources in aiding them to cope and adapt, as well as the extent to which 
they feel prepared to endure such changes or impacts and actively cope with them, 
that is, their perceived vulnerability. The focus of this study is on the latter.

Climate change vulnerability and adaptive capacity frameworks often either fail 
to or poorly incorporate aspects of subjective perception (Adger et al. 2013; Limuwa 
et al. 2018). Perceptions are largely shaped by one’s experiences and, along with 
values, beliefs, knowledge, and culture, are important motivators of people’s behav-
iors (Taylor et al. 1988; Grothmann and Patt 2005). Understanding people’s percep-
tions of and vulnerability to environmental and climate change is crucial since in the 
face of stressors, people often act upon their subjective perceptions rather than 
objective measures (Grothmann and Patt 2005; Smith and Clay 2010; Seara et al. 
2016). Programs directed at increasing human resilience and adaptive capacity need 
to seriously consider these perceptions (Aswani et al. 2015; Cinner et al. 2018). 
In the case of fishers and fishing communities, adaptive capacity is also closely 
linked to observed and future changes to marine ecosystems (Daw et al. 2009). This 
study analyzes the perceptions of fishers in Puerto Rico communities toward envi-
ronmental and climate change as well as factors potentially influencing these per-
ceptions and their ability to adapt. It is proposed that literature reviewed and the 
relationships discovered in the data can be used to generate a heuristic model to 
function as a general hypothesis which will be tested here using path analysis.

2.2  Methods of Data Collection

This study used surveys to collect quantitative and qualitative information from 
fishers in ten different municipalities in Puerto Rico (Fig.  2.1). Between August 
2016 and January 2017, a total of 212 fishers were surveyed using an intercept sam-
pling method that consisted of approaching fishers at different fishing associations 
(villas pesqueras) and other locations where they were known to land their catches 
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or congregate. This sampling technique was considered the most effective to maxi-
mize sampling of the studied universe since no comprehensive list or directory of 
Puerto Rico fishers is readily available from which to draw a random sample (e.g., 
Seara et al. 2017a, Pollnac et al. 2015). The questionnaire included demographic 
and fishery attributes, job satisfaction, perceptions of the status of fishery resources 
and the environment, and climate change. Questions to collect information about 
fishers’ perceptions of changes in the marine environment and climate used a com-
bination of dichotomous, Likert scale, and open-ended methods to collect data that 
could be analyzed quantitatively while allowing respondents to elaborate on their 
views and experiences to aid in interpretation of results.

2.3  Measurements and Analyses

2.3.1  Fishers’ Characteristics

For the majority of fishers interviewed (69.8%), fishing was their only source of 
income. For those who had additional occupations (24.1%) or who did not consider 
fishing an occupation (subsistence and/or recreational) (6.1%), the most common 
types of employment were construction (10.9%), owning a business (9.1%), and 
farming (9.1%). Fishers were on average 50.5  years of age (sd  =  13.96) with 
35.9 years of fishing experience (sd = 16.07) and 9.1 (sd = 3.72) years of formal 
education. The majority of the fishers interviewed were married (71.7%) and the 
average household size was 3.0 people (sd = 1.37).

The sample is characterized by a majority of SCUBA (32.5%R1) and trap (nasas) 
(14%R) fishers. The species most important for fishers’ incomes were spiny lobster 
(Panulirus argus) (36.7% R), silk snapper (Lutjanus vivanus) (14.3%R), queen conch 
(Strombus gigas) (9%R), and yellowtail snapper (Ocyurus chrysurus) (8.1% R). The 

1 Refers to percent of responses as each fisher could indicate more than one option per response.

Fig. 2.1 Map of Puerto Rico showing municipalities included in data collection. (Adapted from 
USDA 2012)
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majority of fishers (72.3%) owned the boats they used to fish which were on average 
20.4 feet long (sd = 3.43). Fishers surveyed spent on average 10.9 months out of the 
year (sd  =  2.17), 14.9  days out of the month (sd  =  7.41), and 6.6  hours a day 
(sd = 2.13) fishing.

2.3.1.1  Job Satisfaction

Job satisfaction was measured using a 9-item scale (Table  2.1) derived from a 
22-item scale developed by Pollnac and Poggie (1988). The 9-item scale was devel-
oped by using a principal component analysis (PCA) from a geographically diverse 
data set and selecting the three items with the highest loadings on each of the three 
components commonly derived from the PCA. In the present sample, mean values 
for all job satisfaction variables, measured on a Likert scale of 1 (very dissatisfied) 
to 5 (very satisfied), are above 3.7 suggesting that, in general, fishers present high 
levels of job satisfaction. Aspects of the job with which fishers are most satisfied 
relate to independence and adventure.

2.3.1.2  Environmental Ethic

A list of 10 items (Table 2.2) were used to assess aspects of environmental beliefs 
among fishers by asking their level of agreement with each item on a 5-point Likert 
scale ranging from 1 (strongly disagree) to 5 (strongly agree), reversed, reversed for 
negatively worded items. Mean scores were above three for all items with the excep-
tion of the item concerning whether or not fishers agreed that the presence of houses 
near the coast had an effect on the fishery. Items with the highest scores concerned 
the need to take care of the land and sea to safeguard sustainability and the impacts 
of coral death on fishing (see Table 2.2 for all mean scores). A total environmental 
ethic scale ranging from 10 to 50 was created by summing up the responses to all 
ten items.

Table 2.1 Job satisfaction 
variables with mean values 
and standard deviation 
measured on a 5-point Likert 
scale ranging from very 
dissatisfied to very satisfied

Item Mean Std. deviation

Opportunity to be own boss 4.64 0.624
Adventure 4.45 0.528
Time spent fishing 4.34 0.676
Challenge 4.25 0.606
Earnings 4.08 0.843
Safety 3.97 0.737
Healthfulness 3.92 0.735
Predictability of earnings 3.83 0.759
Fatigue 3.70 0.752
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2.3.2  Perceptions on Status of Fishery Resources

Results indicate that in general fishers perceive the fishery resources in the region to 
be in good shape. On a current status of fishery resources scale of 1 (very bad) to 5 
(very good) responses averaged 3.51 (sd = 0.84), with 50.2% of the fishers indicating 
resources to be in good shape. When asked if resources are currently in worse, 
equal, or better shape (a scale of 1 to 3) when compared to 10 years ago, the average 
was 1.70 (sd  =  0.63), with 51.7% of the fishers stating resources are equal and 
39.3% stating they are worse. The most frequent reasons stated by fishers for 
resources to have worsened during the past decade were pollution (40.4%R), over-
exploitation (19.2%R), changes in climate (15.4%R), government regulations 
(6.7%R), and environmental degradation (5.9%R).

2.3.3  Perceptions of Climate Change and Other Anthropogenic 
Impacts

The majority of fishers surveyed (72.6%) believe the local climate to be changing, 
and in general they perceived these changes to be negative, averaging 2.35 
(sd = 0.76) on a scale ranging from 1 (very bad) to 5 (very good) (climate change 
status). Overall, fishers’ level of concern with climate change can be categorized as 
moderate to high, averaging 6.67 (sd = 2.50) on a 10-point concern over climate 
change scale (1 = not worried and 10 = very worried). Just under half (46.0%) of 
fishers said they have observed changes to the fish, shellfish, and/or local marine 

Table 2.2 Environmental ethic variables with mean values and standard deviation measured on a 
5-point Likert scale ranging from strongly disagree to strongly agree except for items marked with 
an asterisk for which scale was reversed

Item Mean Std. deviation

We have to take care of the land and the sea or they will not provide 
for us in the future

4.43 0.496

If the corals die, it will make a difference for fishing 4.41 0.628
If our community works together, we will be able to protect our 
resources

4.23 0.704

Tourism around/near the coast can have an effect on the fish 3.38 1.105
Agriculture around/near the coast can have an effect on the fish 3.11 1.036
Industry around/near the coast can have an effect on the fish 4.04 0.897
Houses around/near the coast can have an effect on the fish 2.91 1.142
∗If we throw our garbage on the beach, the ocean takes it away and it 
causes no harm

4.34 0.848

Unless mangroves are protected, we will not have any fish to catch 4.17 0.766
∗There are so many fish in the ocean that no matter how many we 
catch, there will always be enough for our needs

3.44 1.255
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environment that they believe to be related to climate change. The most common 
changes observed were resource stock decline (34.1%R), habitat shifts (14.6%R) 
which include perceptions of species moving into deeper waters or to areas farther 
away from the coast, change in composition of fish species (11.4%R), and changes 
in water temperature (6.5%R). Fishers were also asked about whether or not they 
believe a series of different factors associated with anthropogenic impacts and cli-
mate change to be a threat to fisheries. The factors with the highest frequency of 
affirmative responses were pollution (92.9%), coral bleaching (84.4%), and increase 
in sea temperature (59.7%) (Table 2.3). The sum of dichotomous responses, no = 0 
and yes = 1, to the 10 factors included in Table 2.3 was used to create a scale of 
perceptions on anthropogenic impacts ranging from zero to 10.

2.3.4  Factors Influencing Perceptions of Climate Change

The variables and analyses used in this study deal with a number of important factors 
that can influence perceptions of the potential negative impacts of climate change on 
the marine environment and the fishers. We would like to suggest a  simple model that 
is proposed to reflect the interrelationships between these factors to provide an 
understanding that will facilitate developing targeted policies and educational pro-
grams to aid in helping fishers and other coastal dwellers cope with and become more 
resilient to the impacts of climate change. In general it is proposed that age, educa-
tion, and exposure (here exposure is assumed to increase through the act of fishing) 
have an influence on perceptions of the environment, including current status of 
fishery resources and the different ways human behaviors can influence the resource 
(anthropogenic impacts) and the status of the fishery. All this is expected to influence 
beliefs about the impacts of human behavior on the coastal environment (total envi-
ronmental ethic). Years of formal education will also have an independent effect on 
items forming the total environmental ethic scale. It is proposed that these resource 
beliefs (anthropogenic impacts and total environmental ethic), along with education, 
will influence perceptions of ongoing climate change and its impact, positive or neg-

Table 2.3 Factors potentially 
affecting fishery and percent 
of fishers who responded 
affirmatively

Factors %

Pollution 92.9
Coral bleaching 84.4
Increase in water temperature 59.7
Overfishing 36.8
Increase in frequency and intensity of storms 34.4
Increase in seaweed/algal blooms 32.9
Sea level rise 31.9
Change in behavior of marine animals 30.0
Increase in air temperature 21.8
Increase in droughts 17.5
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ative (climate change status), and this will be related to concern about climate change 
(concern over climate change), a concern that could lead to human action to reduce 
its impacts and increase the resilience of the coastal communities.

As a means of more thoroughly testing the causal relationships suggested by the 
proposed model (Fig.  2.2), we use path analysis; more specifically we use 
RAMONA, which is based on a modification of the McArdle and McDonald (1984) 
reticular action model which can fit a path model to a correlation matrix allowing 
both endogenous and exogenous latent variables to have unit variance producing 
estimates of standardized path coefficients (Browne 2009). Dependence paths 
include path coefficients (nonzero) reflecting degree of influence of the variable 
emitting the path on the variable at the arrow end of the path; for example, the path 
coefficient associated with the arrow between climate change status and concern 
over climate change is −0.404, and like a standardized regression coefficient, it 
indicates that a change of 1.0 in the climate change status score would result in a 
decrease of 0.404 in the standardized concern over climate change score. The model 
was tested using the maximum Wishart likelihood method. Goodness of fit was 
evaluated using the root mean square error of approximation (RMSEA). For our 
model, RMSEA is equal to 0.047 (90% confidence interval 0.000 to 0.100). 
According to Browne (2009) an RMSEA less than or equal to 0.05 is a “close fit.” 
All path coefficients are strongly statistically significant (most p < 0.001) except for 
the paths between current status of fishery resources and the two variables fishing 
experience (p = 0.02) and total environmental ethic (p > 0.05). The number in paren-
theses next to the path between fishing experience and current status of the resource 
is the zero-order correlation between the two variables (p < 0.05). This relationship 
is important in the analysis, and the path coefficient could be misleading. It is both 

AGE

FISHING
EXPERIENCE

CURRENT STATUS OF
FISHERY RESOURCES

EDUCATION

ANTHROPOGENIC
IMPACTS

TOTAL ENVIRONMENTAL ETHIC

CLIMATE CHANGE STATUS

CONCERN OVER
CLIMATE CHANGE

-.018 -.181
-.286

.844

-.129

.113

-.371

-.237

-.370 .364 -.260

.268

-.147
-.404

(-.142)

Fig. 2.2 Model of interrelationships between variables tested using the RAMONA path analysis 
method
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weak (90% confidence interval between −0.177 and 0.403) and is the value with all 
other variables in the model impacting current state of the resource controlled.

2.3.5  Fishers’ Adaptations to Change

Turning to currently reported adaptation to change, fishers who have observed 
changes to the local marine species and/or environment that they believe to be 
related to climate change were asked whether or not they have changed any aspect 
of their fishing activity to adapt to the changes observed. These responses may pro-
vide some indication of adaptation to future changes. The majority (62.5%) have 
changed some aspect of their fishing activity including changing fishing grounds 
(42.5%R), gear changes (13.8%R), and fishing in deeper waters (11.3%R) and further 
away from shore (8.8%R) (Table 2.4).

2.4  Discussion

This study examined the perceptions of fishers in Puerto Rico toward changes in the 
coastal and marine environment and resources, as well as changes specifically 
related to climate change. Puerto Rican fishers are highly dependent on marine 
resources for income and subsistence while also presenting strong attachment to the 
occupation. Therefore, they not only hold important knowledge about environmental 
change and its impacts, but it becomes crucial to understand how these changes 
affect natural resource users to inform the development of more effective strategies 
and policies to address overexploitation and other anthropogenic impacts without 
disregard for environmental justice and human well-being. The model tested identi-
fies interrelationships between factors associated with perceptions of the serious-
ness of climate change as well as characteristics of fishers that can be used to target 
extension activities.

Table 2.4 Adaptation 
strategies adopted by fishers 
in response to changes 
observed in marine resources 
and environment

Adaptation strategy %R

Change fishing grounds 42.5
Change/diversify gear 15.0
Fish in deeper water 11.3
Fish farther away from shore 8.8
Change time of day to fish 5.0
Change target species 3.8
Use better equipment/technology 2.5
Increase effort 2.5
Others (N < 1) 8.8
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2.4.1  Perceptions of Change and Adaptations

Our findings suggest that Puerto Rican fishers present high levels of environmental 
awareness and, in general, perceive the local marine environment and climate to 
have undergone significant transformations which they believe have been affecting 
fisheries in different ways. The climate change impacts fishers have observed and 
experienced relate mostly to resource population declines in general, as evidenced 
by mentions of stock decline, habitat shifts, and changes in species composition. 
Changes in species composition were sometimes mentioned as the result of the 
introduction of non-native species. For instance, some fishers mentioned the increas-
ingly large population of lionfish (Pterois) in Puerto Rico waters: “Now we see 
different types of fish not common here like the lionfish.” Lionfish species, native to 
the Indo-Pacific region, have in the past couple of decades been introduced by 
human activity (e.g., intentional or inadvertent release of aquarium species) and 
spread into different shallow and deep habitats in the Western North Atlantic and the 
Caribbean (Whitfield et al. 2007; Betancur-R et al. 2011). Although their invasion is 
not linked directly to changes in climate, lionfish are voracious predators and there 
is evidence that this behavior is contributing to the rapid degradation of already 
stressed (e.g., bleached and overfished) coral reef habitats (Albins and Hixon 2013), 
thus further affecting species composition and consequently fisheries in the 
Caribbean region.

Besides fishery resource decline and changes in species composition, fishers 
frequently mentioned increase in seawater temperature as a significant effect of 
climate change. One fisher explained: “Usually from October to December, the 
water gets colder and there are more lobsters. Now, the water is warmer and it is 
affecting the lobsters.” Increased water temperature was also one of the major fac-
tors in the anthropogenic impact scale fishers believed to be affecting the fishery. 
They were also highly aware about the impacts of coral bleaching on the fishery, a 
phenomenon that is related to warmer sea temperatures. It is important to note that 
our findings show that fishers have a clear understanding of the importance of 
healthy coral reefs for the local fishery. One of the items with the highest scores in 
the environmental ethic measure was the idea that if corals die, it will affect the 
fishery negatively. This awareness of the ecological importance of coral reefs can be 
included in conservation and restoration strategies in the region in addition to mini-
mizing potentially impactful and destructive fishing practices.

Overall, fishers expressed overwhelming concern over increased pollution affect-
ing the marine environment and the fishery. Responses to the items included in the 
environmental ethic scale demonstrate that fishers are particularly aware of the 
impacts of solid waste and industrial activity near the coast. Even though fishers 
overall perceive the local marine resources to be currently in reasonably good shape, 
many have expressed concern over declines in the population size and health of 
these resources over the past decade. Fishers most frequently linked the observed 
declines to pollution, but many attributed declines to overfishing, climate change, 
and, at a lower degree, regulations and environmental degradation in general. Our 
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results are in line with previous research conducted in Puerto Rico (Griffth et al. 
2007; Matos- Caraballo and Agar 2011; Valdés-Pizzini and Umpierre 2014). Griffth 
et al. (2007) found that the majority of fishers they interviewed shared the opinion 
that fishery resources declined through time and the most commonly attributed 
cause was pollution and to a lesser degree overfishing and fishery regulations. 
Similarly, in interviews conducted in 2008, Matos-Caraballo and Agar (2011) found 
that the majority of Puerto Rican fishers believed the island’s fishery resources to be 
worse off at the time of the study, when compared to “other years.” Among the most 
important reasons fishers in that study mentioned as causes for declining fish stocks 
were overfishing, pollution, habitat degradation, regulations, weather and ocean 
conditions, and climate change (Matos-Caraballo and Agar 2011). These studies 
support our findings indicating that fishers in the region have been observing these 
changes and dealing with their impacts for the past couple of decades.

Changes experienced by fishers have triggered adaptations transforming aspects 
of their fishing activities. The most frequent adaptation mentioned by fishers relates 
to changes in fishing grounds, with fishers having to seek other more productive 
areas. The number of fishers who mentioned specifically having to fish in deeper 
water and farther away from the shore also indicates that changes in location have 
been a significant way fishers have adapted to changes. Fishers also mentioned the 
need to change or diversify gear to increase productivity and target different species. 
The significant increase in the number of fishers using SCUBA in recent decades in 
Puerto Rico has been documented by Matos-Caraballo and Agar (2011) as a response 
to declines in resource abundance. Adaptations that involve traveling farther from 
the coast and fishing in deeper waters present serious implications for the safety and 
health of SCUBA diving fishers, particularly the risk of decompression sickness. 
One study suggests that decompression sickness among artisanal fishers is much 
higher worldwide than that of recreational or military divers (Huchim-Lara et al. 
2015). Research suggests that fishers typically manifest high risk-taking behavior 
(Poggie et al. 1995, 1996; Pollnac et al. 1998; Davis 2012; Pfeiffer and Gratz 2016; 
Huchim-Lara et al. 2016). Pollnac and Poggie (2008) attribute reduced perceptions 
of risk among fishers to a personality type that can be characterized as being active, 
adventurous, aggressive, and courageous. Our findings show that Puerto Rican fish-
ers present high levels of satisfaction with aspects of independence, adventure, and 
challenges associated with their job. These factors are likely to result in increased 
exposure of fishers to potentially dangerous situations, which combined with the 
need to travel farther and dive into deeper waters, increase the likelihood of decom-
pression sickness. Moreover, SCUBA diving fishers do not receive formal training 
and Puerto Rico coastal communities have limited or no availability of resources and 
infrastructure for proper treatment. It is also important to note that in this study, 
aspects of the job relating to safety, healthfulness, and fatigue were among the ones 
with which fishers expressed the lowest satisfaction levels, possibly reflecting con-
cern over these increased risks associated with newly adopted adaptation strategies.

Many of the questions about impacts of climate change on the marine environ-
ment and resources were met with answers that referred to declines in resource 
abundance. Similarly, responses referring to adaptations (seeking new fishing 
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grounds, traveling farther from shore, and fishing in deeper waters) allude to 
resource decline and scarcity, particularly in nearshore areas. Marine resources are 
heavily impacted by changes in climate, as well as pollution, and the changes fishers 
are experiencing are likely in part due to these factors. Research conducted on the 
causes of reef-estuarine ecosystems degradation indicates that other factors along 
with overfishing can significantly contribute to fish mortality (Mora 2008; Mumby 
et al. 2004; Nellemann et al. 2008). However, these observations also evidence the 
occurrence of overfishing in Puerto Rico’s marine ecosystems. The relatively high 
percentage of fishers who stated overfishing to be affecting the fisheries when asked 
directly about different anthropogenic impacts supports the idea that many fishers 
are particularly concerned about the effects of overexploitation. However, it is dif-
ficult to differentiate fishers’ perceptions of the different causes of the changes 
observed, that is, climate change impacts versus overfishing. This may be due to 
limitations of the data collection methods or because fishers themselves are not able 
to clearly discern between these different experiences and perceptions.

2.4.2  Factors Influencing Fishers’ Perceptions

The model tested in this study (Fig. 2.2) shows that higher levels of education, older 
age, and more fishing experience among fishers lead to more negative perceptions 
of the current state of the fishery resources. Those with more negative perceptions 
of the state of the resources scored higher on the anthropogenic impact scale, which 
means they tended to perceive more items in the scale as affecting the fisheries (see 
Table 2.3 for the complete list of items). Higher scores on the anthropogenic impact 
scale are associated with higher levels of environmental ethic, which, in turn, leads 
to more negative perceptions of climate change status, that is, those with higher 
levels of environmental ethic tend to perceive climatic changes to be more negative 
than positive. Negative perception of climate change is strongly correlated with 
expressing more concern about climate change in general. The model also indicates 
that higher levels of education lead to higher scores on the environmental ethic 
scale, and both higher education and environmental ethic levels result in more nega-
tive perceptions of climate change. The relationships tested in the model emphasize 
the importance of education as a factor leading to higher environmental and climate 
change awareness. It is also important to note that, although not strong, a statisti-
cally significant zero-order correlation exists between fishing experience and more 
negative perceptions of the current state of fishery resources. In this sample, more 
experienced fishers present lower levels of education; thus, the relationship 
between fishing experience and perceptions of status of fishing resources indicates 
that perceptions are also shaped by fishers’ gained knowledge through experience 
and involvement, that is, local environmental knowledge (LEK). This is particu-
larly relevant given the fact that the model indicates that fishers’ awareness of 
degradation of local marine resources is an important factor leading to awareness 
of anthropogenic impacts and ultimately concern about climate change.
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Negative perceptions of the status of fishery resources and climate change as 
well as concern about climate change can be important drivers of changes in behav-
ior that could lead to increased support for conservation strategies as well as climate 
change mitigation and adaptation plans. Understanding factors influencing fishers’ 
perceptions and experiences will aid in the development of policy strategies and 
educational programs that focus on factors that are appropriate within the context of 
fishing communities. For instance, in Puerto Rico, programs to address fishery sus-
tainability may benefit from incorporating aspects of pollution and climate change 
impacts, such as coral bleaching, in addition to overfishing, to increase the likeli-
hood for acceptance of and compliance with fishery management strategies. Our 
findings also further highlight the importance of education and the value of LEK in 
shaping fishers’ perceptions of environmental and climate change. This supports the 
idea that policy strategies that emphasize education and adequately incorporate 
LEK may lead to more successful long-term outcomes of sustainability and climate 
change adaptation in fishing communities.

2.5  Conclusion

Frameworks to conceptualize vulnerability and adaptive capacity to environmental 
and climate change often fail to incorporate aspects of subjective perceptions of 
those impacted and undergoing adaptation processes. Subjective perceptions are 
important drivers of behavior and are crucial in determining success of adaptation 
strategies as people are likely to act on the basis of their perceptions, beliefs, and 
cultural context, particularly under stressful situations. Understanding factors 
affecting perceptions of environmental and climate change in fishing communities 
will aid in the development of strategies for sustainability and adaptive capacity of 
vulnerable fishing communities. Fishers are highly dependent on natural resources, 
greatly attached to their occupation, and typically reside in areas of high exposure 
to natural hazards and climate change. In this study, we examined the perceptions of 
Puerto Rican fishers to changes in the marine environment and climate. Our findings 
show that fishers perceive the local environment and climate to have undergone 
significant changes in the past couple of decades and they believe these changes 
have been affecting the fishery and consequentially leading them to adapt. Changes 
and adaptations mentioned by fishers support research that shows that the Puerto 
Rico marine environment and fisheries are at risk from pollution, climate change, 
and overfishing. Fishers’ adaptations to these impacts, which consist mostly of 
seeking new fishing grounds, have also led them to increase their exposure to risks, 
particularly among SCUBA divers fishing in deeper waters and farther away from 
the coast, thus presenting implications for their safety and health.

Our findings show that having more negative perceptions of the status of fishery 
resources is related to higher levels of environmental awareness and awareness of 
anthropogenic impacts which in turn lead to increased concern about climate 
change. Education as well as age and fishing experience, an indicator of LEK, were 
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both important factors influencing fishers’ perceptions of the status of fishery 
resources. These findings have significant implications for the development of pol-
icy and educational strategies aimed at increasing sustainability and well-being in 
fishing communities. Strategies that take into account fishers’ perceptions and fac-
tors influencing these perceptions are not only more context appropriate but are 
more likely to be met with higher acceptance and compliance levels, thus resulting 
in more effective and just outcomes.

Acknowledgment This work was supported by the NOAA Coral Reef Conservation Program 
(Award number: NA16NOS4820051).

References

Adger WN, Barnett J, Brown K, Marshall N, O’Brien K (2013) Cultural dimensions of climate 
change impacts and adaptation. Nat Clim Chang 3:112–117

Adger WN (2003) Social capital, collective action, and adaptation to climate change. Econ Geogr 
79(4):387–404

Albins MA, Hixon MA (2013) Worst case scenario: potential long-term effects of invasive preda-
tory lionfish (Pterois volitans) on Atlantic and Caribbean coral-reef communities. Environ Biol 
Fish 96(10–11):1151–1157

Allison EH, Perry AL, Badjeck MC, Adger WN, Brown K, Conway D, Halls AS, Pilling GM, 
Reynolds JD, Andrew NL, Dulvy NK (2009) Vulnerability of national economies to the 
impacts of climate change on fisheries. Fish Fish 10:173–196

Alongi DM (2015) The impact of climate change on mangrove forests. Curr Clim Chang Rep 
1(1):30–39

Apostle RL, Kasdan L, Hanson A (1985) Work satisfaction and community attachment among 
fishermen in Southwest Nova Scotia. Can J Fish Aquat Sci 42(2):256–267

Appeldoorn RS (2008) Transforming reef fisheries management: application of an ecosystem- 
based approach in the USA Caribbean. Environ Conserv 35(3):232–241

Appeldoorn R, Beets J, Bohnsack J, Bolden S, Matos D, Meyers S, Rosario A, Sadovy Y, Tobias 
W (1992) Shallow water reef fish stock assessment for the U.S. Caribbean. NOAA Technical 
Memorandum NMFS/SEFSC/304. 70 p

Appeldoorn R, Yoshioka P, Ballantine D (2009) Coral reef ecosystem studies: integrating science 
and management in the Caribbean. Caribb J Sci 45(2–3):134–137

Aswani S, Vaccaro I, Abernethy K, Albert S, de Pablo JF (2015) Can perceptions of environmen-
tal and climate change in island communities assist in adaptation planning locally? Environ 
Manag 56(6):1487–1501. https://doi.org/10.1007/s00267-015-0572-3

Baker AC (2014) Climate change: many ways to beat the heat for reef corals. Curr Biol 
24(24):R1166–R1168

Betancur RR, Hines A, AAcero P, Ortı G, Wilbur AE, Freshwater DW (2011) Reconstructing the 
lionfish invasion: insights into greater Caribbean biogeography. J Biogeogr 38:1281–1293

Binkley M (1995) Risks, dangers and rewards in the Nova Scotia offshore fishery. McGill-Queen’s 
University Press, Montreal, p 192

Browne MW (2009) Path analysis (RAMONA). In: SYSTAT Software (ed) SYSTAT 13 statistics 
III. SYSTAT Software, Inc., Chicago

Bryan DR, Smith SG, Ault JS, Feeley MW, Menza CW (2016) Feasibility of a Regionwide prob-
ability survey for coral reef fish in Puerto Rico and the U.S. Virgin Islands. Mar Coast Fish 
8(1):135–146. https://doi.org/10.1080/19425120.2015.1082520

Cinner JE, Folke C, Daw T, Hicks CC (2011) Responding to change: using scenarios to understand 
how socioeconomic factors may influence amplifying or dampening exploitation feedbacks 
among Tanzanian fishers. Glob Environ Chang 21:7–12

2 Fishers’ Perceptions of Environmental and Climate Change in Puerto Rico…

https://doi.org/10.1007/s00267-015-0572-3
https://doi.org/10.1080/19425120.2015.1082520


32

Cinner JE, Adger WN, Allison EH, Barnes ML, Brown K, Cohen PJ, Gelcich S, Hicks CC, 
Hughes TP, Lau J, Marshall NA, Morrison TH (2018) Building adaptive capacity to climate 
change in tropical coastal communities. Nat Clim Chang 8:117–123. https://doi.org/10.1038/
s41558-017-0065-x

Davis ME (2012) Perceptions of occupational risk by us commercial fishermen. Mar Policy 
36(1):28–33

Daw T, Adger WN, Brown K, Badjeck M-C (2009) Climate change and capture fisheries: potential 
impacts, adaptation and mitigation. In: Cochrane K, De Young C, Soto D, Bahri T (eds) Climate 
change implications for fisheries and aquaculture: overview of current scientific knowledge. 
FAO fisheries and aquaculture technical paper. No. 530. FAO, Rome, pp 107–150

Donner SD, Knutson TR, Oppenheimer M (2007) Model-based assessment of the role of human- 
induced climate change in the 2005 Caribbean coral bleaching event. Proc Natl Acad Sci 
104(13):5483–5488

García-Quijano CG (2009) Managing complexity: ecological knowledge and success in Puerto 
Rican small-scale fisheries. Hum Organ 68(1):1–17

García-Quijano C, Poggie JJ, Pitchon A, Del Pozo M (2015) Coastal resource foraging, life 
satisfaction, and Well-being in southeastern Puerto Rico. J Anthropol Res 71(2):145–167

García-Sais JR, Castro R, Sabater-Clavell J, Esteves R, Carlo M (2006) Monitoring of coral reef 
communities from natural reserves in Puerto Rico, 2006: Isla Desecheo, Rincon, Mayaguez 
Bay, Guanica, Ponce and Isla Caja de Muerto. Final Report submitted to the Department of 
Natural and Environmental Resources of Puerto Rico, San Juan, P.R. pp 151

García-Sais J, Appeldoorn R, Battista T, Bauer L, Bruckner A, Caldow C, Carrubba L, Corredor 
J, Diaz E, Lilyestrom C, García-Moliner G, Hernández-Delgado E, Menza C, Morell J, Pait A, 
Sabater J, Weil E, Williams E, Williams S (2008) The state of coral reef ecosystems of Puerto 
Rico. Pp. 75-116. In: Waddell JE, Clarke AM (eds) The state of coral reef ecosystems of the 
United States and Pacific freely associated states: 2008. NOAA technical memorandum NOS 
NCCOS 73. NOAA/NCCOS Center for Coastal Monitoring and Assessment’s Biogeography 
Team, Silver Spring. 569 pp

Griffith D, Valdés-Pizzini M (eds) (2002) Fishers at work, workers at sea – a Puerto Rican journey 
through labor and refuge. Temple University Press, Philadelphia. 265 pp

Griffith D, Valdés-Pizzini M, García-Quijano C (2007) In: Agar JJ, Stoffle B (eds) Entangled 
Communities: socioeconomic profiles of fishers, their communities, and their responses 
to marine protective measures in Puerto Rico, NOAA Series on U.S.  Caribbean Fishing 
Communities. NOAA Technical Memorandum NMFS-SEFSC-556. , 524 p

Grothmann T, Patt A (2005) Adaptive capacity and human cognition: the process of individual 
adaptation to climate change. Glob Environ Chang 15:199–213

Hernández-Delgado EA, Shivlani M, Sabat AM (2014) Ecosystem-based and community-based 
model integration to designate coral reef no-take marine protected areas: a case study from 
Puerto Rico. Nat Resour 5:538–560

Holding S, Allen DM (2015) From days to decades: numerical modelling of freshwater lens 
response to climate change stressors on small low-lying islands. Hydrol Earth Syst Sci 
19:933–949

Huchim-Lara O, Salas S, Fraga J, Méndez-Domínguez N, Chin W (2016) Fishermen’s perceptions 
and attitudes toward risk diving and management issues in small-scale fisheries. Am J Human 
Ecol 5(1):1–10. https://doi.org/10.11634/216796221605760

Huchim-Lara O, Salas S, Chin W, Montero J, Fraga J (2015) Diving behavior and fishing perfor-
mance: the case of lobster artisanal fishermen of the Yucatan coast, Mexico. Undersea Hyperb 
Med Soc 42(4):285–296

Juda L (1999) Considerations in developing a functional approach to the governance of large 
marine ecosystems. Ocean Develop Int Law 30(2):89–125

Limuwa MM, Sitaula BK, Njaya F, Storebakken T (2018) Evaluation of small-scale fishers’ per-
ceptions on climate change and their coping strategies: insights from Lake Malawi. Climate 
6(34). https://doi.org/10.3390/cli6020034

T. Seara et al.

https://doi.org/10.1038/s41558-017-0065-x
https://doi.org/10.1038/s41558-017-0065-x
https://doi.org/10.11634/216796221605760
https://doi.org/10.3390/cli6020034


33

Loh T, McMurray SE, Henkel TP, Vicente J, Pawlik JR (2015) Indirect effects of overfishing on 
Caribbean reefs: sponges overgrow reef-building corals. Peer J 3:e901. https://doi.org/10.7717/
peerj.901.

Marshall NA, Fenton DM, Marshall PA, Suton SG (2007) How resource dependency can influence 
social resilience within a primary resource industry. Rural Ecol 72(3):359–390

Matos-Caraballo D (2009) Lessons learned from the Puerto Rico’s commercial fishery, 1988 – 
2008. Proc Gulf Caribb Fish Inst 61:123–129

Matos-Caraballo D, Agar JJ (2011) Census of active commercial fishermen in Puerto Rico: 2008. 
Mar Fish Rev 73(1):13–27

McArdle JJ, McDonald RP (1984) Some algebraic properties of the reticular action model for 
moment structures. Br J Math Stat Psychol 37:234–251

McCay BJ, Brandt S, Creed CF (2011) Human dimensions of climate change and fisheries in a 
coupled system: the Atlantic surfclam case. ICES J Mar Sci 68(6):1354–1367

Miller J, Waara R, Muller E, Rogers CS (2006) Coral bleaching and disease combine to cause 
extensive mortality on reefs in U.S. Virgin Islands. Coral Reefs 25(3):418

Mora C (2008) A clear human footprint in the coral reefs of the Caribbean. Proc R Soc B 
275(1636):767–775

Mumby PJ, Edwards AJ, Arias-González JE, Lindeman KC, Blackwell PG, Gall A, Gorczynska 
MI, Harborne AR, Pescod CL, Renken H, Wabnitz CCC, Llewellyn G (2004) Mangroves 
enhance the biomass of coral reef fish communities in the Caribbean. Nature 427:533–536

Nellemann C, Hain S, Alder J (2008) In dead water: merging of climate change with pollution, 
over-harvest, and infestations in the World’s fishing grounds. United Nations Environment 
Programme, GRID-Arendal, Norway

Nicholls RJ, Cazenave A (2010) Sea-level rise and its impact on coastal zones. Science 
328(5985):1517–1520

NOAA (2018a) Hurricane Season  – 2017. Retrieved from: https://sos.noaa.gov/datasets/
hurricane-season-2017/

NOAA (2018b) Teams study and restore corals following Hurricanes Irma and Maria. Retrieved 
from: https://coralreef.noaa.gov/aboutcrcp/news/featuredstories/mar18/welcome.html

Perry AL, Low PJ, Ellis JR, Reynolds JD (2005) Climate change and distribution shifts in marine 
fishes. Science 308(5730):1912–1915. https://doi.org/10.1126/science.1111322

Pfeiffer L, Gratz T (2016) The effect of rights-based fisheries management on risk taking and fish-
ing safety. Proc Natl Acad Sci 113(10):2615–2620

Pinsky ML, Mantua NJ (2014) Emerging adaptation approaches for climate-ready fisheries man-
agement. Oceanography 27(4):146–159

Pittman J, Armitage D, Alexander S, Campbell D, Alleyne M (2015) Governance fit for climate 
change in a Caribbean coastal-marine context. Mar Policy 51:486–498

Poggie JJ, Pollnac RB, Van Dusen C (1996) Intracultural variability in the cognition of danger 
among southern New England fishers. Mar Resour Econ 11(1):23–30

Poggie JJ, Pollnac RB, Jones S (1995) Perceptions of vessel safety regulations: a southern New 
England fishery. Mar Policy 19(5):411–418

Pollnac RB, Poggie JJ, Cabral SL (1998) Thresholds of danger: perceived risk in a New England 
fishery. Hum Organ 57(1):53–59

Pollnac RB, Poggie JJ (1988) The structure of job satisfaction among New England fishermen and 
its application to fisheries management policy. Am Anthropol 90(4):888–901

Pollnac RB, Poggie JJ (2008) Happiness, Well-being and psychocultural adaptation to the stresses 
associated with marine fishing. Hum Ecol Rev 15(2):194–200

Pollnac RB, Abbott-Jamieson S, Smith C, Miller ML, Clay PM, Oles B (2008) Toward a model for 
fisheries social impact assessment. Mar Fish Rev 68(1–4):1–18

Pollnac RB, Seara T, Colburn LL (2015) Aspects of fishery management, job satisfaction, and 
Well-being among commercial fishermen in the northeast region of the United States. Soc Nat 
Resour 28(1):75–92

Ramos-Scharrón CE, Torres-Pulliza D, Hernández-Delgado EA (2015) Watershed- and island 
wide-scale land cover changes in Puerto Rico (1930s–2004) and their potential effects on coral 
reef ecosystems. Sci Total Environ 506-507:241–251

2 Fishers’ Perceptions of Environmental and Climate Change in Puerto Rico…

https://doi.org/10.7717/peerj.901.
https://doi.org/10.7717/peerj.901.
https://sos.noaa.gov/datasets/hurricane-season-2017/
https://sos.noaa.gov/datasets/hurricane-season-2017/
https://coralreef.noaa.gov/aboutcrcp/news/featuredstories/mar18/welcome.html
https://doi.org/10.1126/science.1111322


34

Randall CJ, van Woesik R (2015) Contemporary white-band disease in Caribbean corals driven by 
climate change. Nat Clim Chang 5(4):375–379. https://doi.org/10.1038/nclimate2530

Rhein M, Rintoul SR, Aoki S, Campos E, Chambers D, Feely RA, Gulev S, Johnson GC, Josey 
SA, Kostianoy A, Mauritzen C, Roemmich D, Talley LD, Wang F (2013) Observations: ocean. 
In: Stocker TF, Qin D, Plattner G-K, Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex 
V, Midgley PM (eds) Climate change 2013: the physical science basis. Contribution of work-
ing group I to the fifth assessment report of the intergovernmental panel on climate change. 
Cambridge University Press, Cambridge, UK/New York

Rogers C (2009) Coral bleaching and disease should not be underestimated as causes of Caribbean 
coral reef decline. Proc R Soc B 276(1655):197–199

Seara TP, Clay M, Colburn LL (2016) Perceived adaptive capacity and natural disasters: a fisheries 
case study. Glob Environ Chang 38:49–57

Seara T, Pollnac R, Poggie J (2017a) Changes in job satisfaction through time in two Major new 
England fishing ports. J Happiness Stud 18(6):1625–1640

Seara T, Pollnac R, Poggie J, Garcia-Quijano C, Monnereau I, Ruiz V (2017b) Fishing as therapy: 
impacts on job satisfaction and implications for fishery management. Ocean Coast Manag 
141:1–9

Short FT, Kostenb S, Morgan PA, Malone S, Moore GE (2016) Impacts of climate change on 
submerged and emergent wetland plants. Aquat Bot 135:3–17

Smith C, Clay PM (2010) Measuring subjective and objective Well-being: analyses from five 
marine commercial fisheries. Hum Organ 69(2):158–168

Sumaila UR, Cheung WWL, Lam VWY, Pauly D, Herrick S (2011) Climate change impacts on the 
biophysics and economics of world fisheries. Nat Clim Chang 1:449–456

Taylor JG, Stewart TR, Downton M (1988) Perceptions of drought in the Ogallala Aquifer region. 
Environ Behav 20:150–175

Tonioli FC, Agar JJ (2011) Synopsis of Puerto Rican Commercial Fisheries. NOAA Technical 
Memorandum NMFS-SEFSC-622, pp 69

USDA (2012) 2012 Census Publications. Retrieved from: https://www.agcensus.usda.gov/
Publications/2012/Online_Resources/County_Profiles/Puerto_Rico/

Valdés-Pizzini M, García-Quijano CG, Schärer-Umpierre MT (2012) Connecting humans and eco-
systems in tropical fisheries: social sciences and the ecosystem-based fisheries Management in 
Puerto Rico and the Caribbean. Caribb Stud 40(2):95–128

Valdés-Pizzini M, Schärer-Umpierre M (2014) People, habitats, species, and governance: an 
assessment of the social-ecological system of La Parguera. Interdisciplinary Center for Coastal 
Studies, University of Puerto Rico, Mayagüez

Weatherdon LV, Magnan AK, Rogers AD, Sumaila UR, Cheung WWL (2016) Observed and 
projected impacts of climate change on marine fisheries, aquaculture, coastal tourism, and 
human health: an update. Front Mar Sci 3:48. https://doi.org/10.3389/fmars.2016.00048

Weeratunge N, Béné C, Siriwardane R, Charles A, Johnson D, Allison EH, Nayak PK, Badjeck M 
(2014) Small-scale fisheries through the wellbeing lens. Fish Fish 15:255–279

Whitfield PE, Hare JA, David AW, Harter SL, Muñoz RC, Addison CM (2007) Abundance esti-
mates of the Indo-Pacific lionfish Pterois volitans/miles complex in the Western North Atlantic. 
Biol Invasions 9(1):53–64

Wilkinson C, Souter D (2008) Status of Caribbean coral reefs after bleaching and hurricanes in 
2005. Global Coral Reef Monitoring Network, and Reef and Rainforest Research Centre, 
Townsville. 152 pp

Woody K, Atkinson A, Clark R, Jeffrey C, Lundgren I, MIller J, Monaco M, Muller E, Patterson 
M, Rogers C, Smith T, Spitzak T, Waara R, Whelan K, Witcher B, Wright A (2008) Coral 
bleaching in the U.S. Virgin Islands in 2005 and 2006. In: Wilkinson C, Souter D (eds) Status 
of Caribbean coral reefs after bleaching and hurricanes in 2005. Global Coral Reef Monitoring 
Network and Reef and Rainforest Research Centre, Townsville, pp 68–72. 152 pp

T. Seara et al.

https://doi.org/10.1038/nclimate2530
https://www.agcensus.usda.gov/Publications/2012/Online_Resources/County_Profiles/Puerto_Rico/
https://www.agcensus.usda.gov/Publications/2012/Online_Resources/County_Profiles/Puerto_Rico/
https://doi.org/10.3389/fmars.2016.00048

	Chapter 2: Fishers’ Perceptions of Environmental and Climate Change in Puerto Rico: Implications for Adaptation and Sustainability
	2.1 Introduction
	2.1.1 Climate Change and Fisheries
	2.1.2 Puerto Rico Fisheries

	2.2 Methods of Data Collection
	2.3 Measurements and Analyses
	2.3.1 Fishers’ Characteristics
	2.3.1.1 Job Satisfaction
	2.3.1.2 Environmental Ethic

	2.3.2 Perceptions on Status of Fishery Resources
	2.3.3 Perceptions of Climate Change and Other Anthropogenic Impacts
	2.3.4 Factors Influencing Perceptions of Climate Change
	2.3.5 Fishers’ Adaptations to Change

	2.4 Discussion
	2.4.1 Perceptions of Change and Adaptations
	2.4.2 Factors Influencing Fishers’ Perceptions

	2.5 Conclusion
	References


