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Abstract

Terrestrial and ocean ecosystems are increasingly under threat from an array of anthropo-
genic pressures. And while threats mount, how people view and value nature is changing. In
the United States (U.S.) in particular, there is a shift away from viewing nature as something
to ‘dominate,’ as evidenced in the decline in hunting. However, it is unclear if or how opinions
around environmental issues and conservation need might differ when comparing ocean
versus terrestrial ecosystems, especially given the prevalence and continued importance of
wild capture fishing in the U.S. We employed two national parallel surveys, one focused on
oceans, the other land, receiving responses from nearly every state in the U.S. (N =1,973).
While we found only slight, but statistically significant more concern for ocean habitats and
animals over terrestrial ecosystems, this did not translate to increased willingness to mone-
tarily support more ocean conservation actions. Using Random Forest models, we also
found the best predictor of conservation need was feeling most impacted by environmental
issues personally (self and/or community), regardless of ecosystem type. In fact, land ver-
sus sea (survey) had the lowest rank in the models, underscoring the importance of general
nature-based interactions. Instead, the number of outdoor recreational activities was a
highly ranked variable explaining the level of reported impact to self/community, with people
who participate in 2 or more activities scoring higher levels of impact, on average. Notably,
people who hunt andfish, versus only do one or the other, reported higher levels of impact
and participated in more activities overall, providing a more nuanced finding regarding the
nature ‘dominance hypothesis.” Voting, not political affiliation, was also important in explain-
ing responses, and governmental mechanisms to fund conservation were favored over vol-
untary. Overall, our results add to the strong existing literature that access and connection
to nature is key, but uniquely broad connection may “float all boats,” especially when
diversified.
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Introduction

As land and seas are under mounting anthropogenic pressures-largely from agriculture, devel-
opment, fishing, pollution, and climate change [1, 2]-there has been a shift in social value over
time, i.e. ideals and principles informing human behavior, towards protecting and conserving
biodiversity in the United States (U.S.) [3]. While these shifts are likely non-linear and the root
of these long-term changes is challenging to pinpoint, there is some evidence such large-scale
societal change is generational and tied to commiserate declines in activities of ‘dominance’
over nature (e.g., hunting), where wildlife is treated as only a resource for humans. However,
conservation and attitudes towards such efforts are not homogenous and there may be distinct
views on what is most important in predicting social value of conservation or biodiversity,
including the type of environment at risk.

Social views and values of conservation may differ between terrestrial and marine ecosys-
tems. Likely due to a combination of relative accessibility and ease of observation, among
other factors, most U.S. federal policies for conservation are rooted in land-based protections,
while ocean-based efforts—-mostly fishery reforms and passive approaches of marine protected
areas (MPAs)-are comparatively recent [4, 5]. Matching the terrestrial conservation trend,
funding for conservation projects is typically terrestrial dominated [6] and private-land ease-
ments, an exponentially growing sector to conserve land in the U.S. [7, 8], are less likely in
marine systems, a more common-use space. The collective conservation efforts for the terres-
trial ecosystem may lend to more favorable perception of the conditions, thus reduced conser-
vation needs. In comparison, fishing is still a major part of society and source of seafood,
including in the U.S. [9, 10], which if the ‘dominance hypothesis” holds [3], should result in
perceived lower threat and need of intervention. The ‘dominance hypothesis’ proposes when
nature is treated or seen primarily as a resource to exploit for humans there is less consider-
ation for ecosystems. Yet overall, it is unclear whether distinct feelings towards different ani-
mals and habitats on land versus sea influence overall views on the need for conservation.

Collective social voice can affect change, but it is likely influenced by personal associations
with nature and how those activities can or should be funded. Education or familiarity with
conservation (i.e., conservation literacy, such as knowledge of how an ecosystem is impacted)
or sustainability activities (e.g., consumer choice) may play a role in the value of conservation
action (e.g., [11, 12]). Indeed, personal experiences in general can have an oversized impact on
people’s concern about the environment [13, 14]. For example, how people engage with nature
through various recreational activities (e.g, hunting, fishing, hiking) differ and can influence
perceived benefit or value of a place or animal [15-17]. Such activities, especially hunting, fish-
ing, and access to state parks, fund governmental conservation programs, but do not necessar-
ily capture the full dimension of how people view conservation needs (or impacts) and how to
financially address those needs [18].

Lastly, polarization is seemingly at an all-time high in the U.S., impacting how people perceive
and trust certain fields (e.g., science and education) [19] and related topics (e.g., vaccines and cli-
mate change) [20, 21]. However, while there may be strong ideological lines for certain topics
across the U.S.—past research documenting an increasing divide around environmental protection
spending in the U.S. [22]-views on conservation of biodiversity on land versus the sea have not
been explored. Broadly, it might be assumed such a topic falls in line with climate change given its
role in biodiversity loss [23] and ‘party sorting theory’ [22]. Yet, others have found political divides
can be shallower than expected, evidenced by bipartisan state climate policies and actions [24, 25],
offering hope for collective support for conservation of wildlife and ecosystems into the future.

In this study, we explore how perceptions of conservation may differ in distinct ways con-
cerning land and sea. We specifically compared differences in responses to conservation issues,

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 2/17


https://doi.org/10.1371/journal.pone.0307431

PLOS ONE

U.S. value land vs. sea conservation

need, interventions and monetary support for the oceans versus land using a parallel survey
design. In addition, we explored the predictive power of certain attributes (e.g., age, politics,
outdoor recreation), that have been found to influence value, on how people across the U.S.
report their connectedness to an ecosystem (via impact of environmental issue to self or com-
munity) and overall need for conservation intervention. We paid particularly close attention
to those who hunt and/or fish.

Methods

We developed two parallel surveys, with a mix of binary, rank/likert, and open-ended ques-
tions, one focused on oceans and one focused on land. Both surveys contained 21 total ques-
tions ranging from general characteristics of the respondent, including age, education, gender,
and political affiliation, to involvement and viewpoints pertaining to conservation concerns,
interventions, and funding. Questions were informed by the standing literature and developed
in consultation with key terrestrial and ocean experts from The Nature Conservancy, as well as
specialized survey designers to ensure the questions achieved the intended goal. Employing
two separate surveys focused on different environments allowed us to explicitly test the
strength of conservation views around ocean versus terrestrial conservation. To view the non-
demographic survey questions used in the analyses, see (S1 Table in S1 File).

The surveys were administered by PollFish, August 11-17, 2021, an online survey tool
where respondents are invited using a double opt-in, meaning interest to participate in any
surveys is determined, regardless of what survey, unique user IDs are created, and they join
the potential respondent pool if they fit the target audience. In our case, the respondents had
to be 18+ years old and live in the U.S. The survey was University of California, Santa Barbara
IRB approved on 6/1/2021 (protocol 3-21-0394). Out of an attempted 2000 respondents, a
total of 1,973 were viable.

Descriptive difference is ocean vs terrestrial reponses

Several questions were specifically designed to get at the difference in perceived conservation
need and threat to the given ecosystems. Out of the 21 questions, we individually evaluated
eight of the questions that were hypothesized to result in potential differing responses for land
versus oceans. The questions spanned awareness of threats, conservation need, species and sys-
tem health, conservation intervention type, and funding allocation and source for terrestrial
versus marine ecosystems. Responses were either yes or no (coded as 1 or 0, respectively),
ranking strongly disagree to strongly agree (1 to 5, normalized 0 to 1 for analysis), none to
major need (0 to 4, normalized 0 to 1), very important to not important (1 to 5, normalized 0
to 1), and percent (0-100%) (S1 Table in S1 File).

We evaluated the overall frequency, means, standard deviation, and employed individual
Kruskal-Wallis tests, a nonparametric method to determine if the sampled groups (ocean vs.
terrestrial) were significantly different (p-value < 0.05). All statistical tests were run in R pro-
gramming v4.3.2 [26], using packages randomForest and ggplot.

Random forest analysis

We tested what variables best predict two aspects of conservation: (1) conservation need and
(2) perceived environmental impact to self or community. The former gets at the overall feel-
ing of what level of intervention is needed, while the latter centers the personal experience
(perceived or real) of environmental impact. In addition, the analysis provides a fuller modeled
approach on whether the difference between land and sea are more or less important in

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 3/17


https://doi.org/10.1371/journal.pone.0307431

PLOS ONE

U.S. value land vs. sea conservation

predicting perceived need and impact compared to other variables. The values were normal-
ized from 0 to 1 and were the primary response variables for the Random Forest (RF) models.

We used the highly flexible, machine learning RF analysis to determine explanatory pat-
terns of our two separate response variables of interest (i.e., conservation need and issue
impact). RF analysis is a statistical approach that employs recursive and “out-of-bag” bootstrap
sampling (i.e., predicting data not in the bootstrap sample) to create binary partitions of pre-
dictor variables, fitting regression trees (n = 1000) to the dataset, and finally combining the
predictions from all trees [27]. The predictors input into the model are ranked by mean
squared error (MSE) [27, 28] and the order reflects the overall influence of each predictor on
the response variable in the model. While RF is highly conducive for analyzing diverse social
and colinear data, inclusion of multiple predictors with similar levels of MSE typically has
diminishing returns on the variance explained (e.g., [29]). As a result, we stepwise pruned the
full models and report on the most parsimonious predictive model (i.e., explained approxi-
mately equivalent variance of the full model) [30].

We included key attributes described in the literature in predicting conservation need and
reported impact to self and/or community. First, we were interested in whether connections to
hunting, fishing and/or other recreational activities were more important, and if such trends
were indeed generational [3]. Second, we wanted to explore what type of conservation involve-
ment and knowledge (e.g., level of education, awareness of conservation organizations) influ-
enced the strength of responses. Third, we were interested in how political affiliation or
connections to the political process (i.e., political affiliation, voting for environmentally sup-
portive politicians, perceived effectiveness of voting) influenced responses around conserva-
tion. Lastly, we wanted to get a better sense of how people viewed the funding needs of
conservation, if any, specifically where support should come from and how that predicted
responses.

A total of 23 questionnaire-based variables were used to model respondent reported conser-
vation need and environmental impact. Eight of the predictor variables were demographic
information, including binned age groups (18-24, 25-34, 35-44, 45-54, 54+), gender (male,
temale), political affiliation (left, right, moderate, won’t say), categorical income bracket (low,
middle, high, won’t say), number of kids, education level (postgraduate, university, vocational
technical college, high school, middle school, elementary school, won’t say), community type
(urban, suburban, rural), and US Census region (Midwest, South, Northeast, West). A ‘survey’
variable was included to discern any strong terrestrial versus marine division in predicting per-
ceived conservation need or impact. Feelings of concern and perceived habitat or animal
health (normalized values 0 to 1) were also included. Familiarity variables included binary (0
or 1) participation in any environmental conservation and awareness (1 or 0) of any conserva-
tion organizations or projects. We also included a specific categorical “hunting, fishing, both
or neither” variable to determine the strength of the dominance hypothesis [3]. Additionally,
we collected information on whether respondents participated in other outdoor activities
(snorkeling/diving; boating/sailing; hiking; camping) and summed the total number (0-6).
Given funding conservation efforts is a bottleneck, we included several funding predictive vari-
ables; one on whether the respondents have donated themselves and three binary (0 or 1)
responses on how conservation should be funded: government agencies and/or public-private
partnerships, companies whose products damage ocean environments (i.e., regulatory penal-
ties), and private market mechanisms (e.g. payment for ecosystem services). The three funding
source variables were selected based on breadth of funding sources and their respective percent
of the responses (highest—partnerships and penalties, lowest-market). Regarding politics, and
outside of just including political affiliation, we also included binary variables (0 or 1) of
whether the respondents voted for environmentally supportive politicians in the last two years

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 4/17


https://doi.org/10.1371/journal.pone.0307431

PLOS ONE

U.S. value land vs. sea conservation

300

n
(=3
o

frequency

100

400

[~
(=]
o

frequency
N
(=]
o

100

and if they thought voting was effective. Lastly, we included conservation need or impact to
self/community (0 to 1) in the opposing models.

Results

Demographics

Age, gender, and race were relatively well represented in the study. The 35-44 year olds made
up the largest proportion of respondents (31%), followed by 54+ (21%), while the younger
(18-24 = 13%) and mid-life respondents (45-55 = 13%) had the fewest people. Gender was rel-
atively equivalent (female 51%), but political affiliation did skew slightly more left (liberal)
leaning (37%), than right (conservative; 21%). However, there was a good distribution of the
differing affiliations across gender and age (Fig 1). The sample was biased White (70%), with
10% Black, 8% Hispanic or Latino, and 5% Asian, which broadly matches national estimates
[31]. It is important to note, the Hispanic or Latino community were under-represented,

female male

political
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Moderate

. None
B riont
. Wont say

18- 24 45 - 54

18-24 25-34 35— 44 45-54 25-34 35— 44

female male

region
Midwest
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high middle low wont say high middle low wont say
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Fig 1. Demographic distributions of respondents. Female and male respondents by age (top panels) and income (bottom panels) colored by political
affiliation and U.S. census region.

https://doi.org/10.1371/journal.pone.0307431.9001
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making up an estimated 19.1% of the actual population in the U.S., as of July 2022. We also
recognized races conveyed here are not representative of the diversity of the nation, and are
instead a function of PollFish’s limited categories.

Social-economically, respondents skewed slightly Southern, were relatively educated, a mix
of low to high income, and were more likely involved in fishing than hunting. The South was
the most well represented region (37%), followed by the Midwest (19%). We received
responses nearly all 50 states (expect Vermont), but Texas, Florida, New York, and California
provided the most responses, North and South Dakota the least (S1 Fig in S1 File). Most of the
respondents were from cities (47%), followed by suburban (35%) and rural areas (18%). The
majority of people received a high school education or higher (87%) and were employed
(63%). Interestingly, while gender was relatively even, the income distribution of gender
showed a near inverse pattern, with high income males (20%) and low-income females (23%)
contributing most to the survey (Fig 1). Lastly, half of the respondents reported hunting and/
or fishing as a recreational activity.

Terrestrial versus marine

The terrestrial versus marine questions spanned awareness of threats, conservation need, spe-
cies and system health, conservation intervention effectiveness, and funding allocation and
source.

Oceans did garner slightly higher scores around awareness of the issues and coincident
lower values concerning the health of the animals or habitats. On average, respondents were
slightly, but significantly (x* = 6.4, df = 1, p-value = 0.01) more aware of ocean issues compared
to terrestrial (Fig 2A). The trend was largely due to awareness of plastic pollution and oil spills,
with 83% and 74% of the ocean survey respondents aware of these issues, respectively. Only
extreme temperature/weather came close to plastics or oil at 70% of awareness. However,
deforestation (65%)-the number one driver of biodiversity loss globally-did have significantly
(x*=23.5df =1, p-value = 1.3e-06) more awareness than overfishing (54%) among

a) 1.00 b) 1.0
1] <
8 0.751 o 0.8
c e
S 1 S
£ 050 O 061
3 [
5 025 L 0.4
= ¢)
0.00 —— 0.2 t _—
Ocean  Terrestrial Ocean  Terrestrial
c)
i Conservation
mountains
need
forests 0.2
plains/grasslands 0.4
lakes-rivers . 0.6

.0.8
| K

open ocean

coast

500 1000 1500
Frequency of Responses

Fig 2. Ecosystem survey responses. Collective (a) awareness of issues, (b) overall concern, and (c) conservation need
for ocean (light blue) versus terrestrial (dark blue) habitats and animals.

https://doi.org/10.1371/journal.pone.0307431.g002
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respondents. In turn, the perceived health of the oceans’ animals (mean + SD = 0.55 + 0.2; x> =
5.8, df = 1, p-value = 0.016) and habitats (mean + SD = 0.53 + 0.2; x* = 16.3, df = 1, p-value =
5.3e-05) were scored significantly lower than terrestrial animals (mean + SD = 0.57 £ 0.2) and
habitats (mean + SD = 0.57 + 0.2).

Similar to awareness and perceived health, oceans again garnered slightly higher scores
around concern and perceived need. Overall concern was higher on average for oceans, but it
was not statistically different (x> = 2.6, df = 1, p-value = 0.11; Fig 2B). However, the view of
which ecosystems need more conservation were significantly different, with again, aquatic
environments—including freshwater-broadly seen as needing more intervention (Fig 2C; x* =
399.21, df = 5, p-value < 2.2e-16). The exception being forests, which received equivalent scor-
ing to marine and freshwater realms.

Ranking of the effectiveness of interventions also slightly favored oceans over terrestrial
approaches. When a real-word scenario of oyster restoration versus reforestation were provided,
respondents ranked the ocean-based intervention again only slightly higher, but significantly more
effective (X2 =9.7,df = 1, p-value = 0.002; S2 Fig in S1 File). Importance of potential conservation
approaches of protected areas, captive breeding for reintroductions, relocation, enforcement regu-
lations, environmental education, and supplementing for hunting/fishing were slightly higher for
the ocean (mean + SD across all inventions = 0.83 + 0.19) than the terrestrial (0.81 £ 0.21) survey,
but the overall trends were similar: education, protected areas, and regulations ranking the most
important, and supplementing for hunting/fishing the least (S2 Fig in S1 File).

Perceived concern, need, and type of conservation did appear slightly higher for the oceans,
but funding allocation and source did not substantially differ. In a hypothetical scenario of
how to allocate $1 billion (USD) for environmental conservation programs, respondents in
their respective surveys allocated ca. 62% (SD * 20%) to terrestrial or ocean environments and
wildlife (x> = 1.2, df = 1, p-value = 0.27; Fig 3A). This question was specifically designed to
account for survey bias of terrestrial versus ocean focus of the questionnaire, showing no real
preference for funding for one environment over the other. Where that funding should come
from showed similar patterns and the oceans only garnered a slightly higher number of per-
ceived funding sources on average (mean + SD = 3.2 + 1.8; x* = 6.2, df = 1, p-value = 0.013)
compared to land (3 + 1.8). More notable was government-linked sources (i.e., penalties, agen-
cies & partnerships, and incentivization by government regulation) were seen more favorably
as a source for both systems compared to voluntary pathways, specifically private market
mechanisms (e.g. payment for ecosystem services) and individual voluntary donations to con-
servation nonprofit organizations (Fig 3B); the exception being companies and corporations
with environmental responsibility programs.

Random forest

In both models, conservation need and impact to self and/or community were the best predic-
tors of each other, with slight differences in the top ranked variables. For conservation need,
the full model explained 43.4% of the variance [mean of squared residuals (MSR) = 0.017],
while the pruned model containing only impact, overall concern for wildlife and habitats, per-
ceived health of habitat, and perceived effectiveness of voting explaining 42.8% of the variance
(MSR = 0.017). Notably, impact to self/community explained 30% of the variance. For impact
to self and/or my community as the response, the full model captured 46.9% of the variance
(MSR = 0.05), and the pruned model with total conservation need, habitat health, penalties on
companies as funding source, voted for a pro-environmental candidate in the last 2 years, the
total number of recreational activities, and whether they donated to conservation efforts in the
last 2 years accounted for 43.0% (MSR = 0.05). Total conservation need explained the vast

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 7/17


https://doi.org/10.1371/journal.pone.0307431

PLOS ONE U.S. value land vs. sea conservation

1001

751

501

% Funding Allocation

251

Ocean Terrestrial

b) Ocean Terrestrial

penalties §

agencies &
parinerships |

Government

incentivized
invesments |
Response
environmental |
programs

No

Yes
donate to |
NGOs

Voluntary

private |
markets

none 7

0 250 500 750 0 250 500 750
Frequency of Responses

Fig 3. Funding survey responses. (a) Hypothetical percent allocation of $1 billion (USD) to ocean (light blue) or terrestrial (dark blue)
habitats and wildlife conservation from the respective surveys. (b) Response (yes or no) distribution of who should be responsible for
funding ocean or terrestrial conservation projects in the U.S. (respondents could select more than one).

https://doi.org/10.1371/journal.pone.0307431.9003

majority of variance (29.5%). While additional variables incrementally increased the variance
in the impact model, we limited the inclusion of the highly correlated responses (S2 Fig in S1
File) opting for parsimony.

Demographic variables, basic conservation familiarity, and survey (i.e., ocean versus terres-
trial) were poor predictors of both models (Fig 4A and 4B). Of the demographic parameters,
age and political affiliation ranked comparatively higher, but still only explain 2.8-4.3% of the
variance for both models when modeled in isolation. Participation in conservation efforts and
knowledge of specific conservation organizations also performed poorly (2.7-3.8%). However,
note donation to NGOs or charities in the last 2 years was a moderately important predictor in
the impact model (Fig 4B). Most importantly, focus on ocean versus terrestrial systems and
species had little to no explanatory power (0-2%) in our models.
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It is notable that the total number of recreational activities ranked highly in the impact
model, but hunting and/or fishing less so. Conducting a post-hoc RF partial analysis and
descriptive evaluation of hunting/fishing trends, we find a potential threshold of involvement
of 2 or more outdoor activities significantly influencing perception of environmental issues
impacting them and/or their community (Fig 5A). People who only hunt but do not fish were
sparse (4% of response pool: only 28% female and 82% under the age of 45) and reported sig-
nificantly lower scores than any of the other groups (x> = 30.8, df = 3, p-value = 9.5¢-07),
including fishing not hunting (Fig 5B; 30% of respondents: 47% female and 67% under 45). Of
note, those who reported they hunt and fish (17% of respondents: 31% female and 77% under
45) responded equivalently to those who do not engage in either, on average. Moreover,
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respondents who hunt and fish also tended to do more average (mean + SD = 4.6 + 1.26) out-
door activities in general than the other groups (S3 Fig in S1 File). The most common activities
being camping, hiking, and fishing (Fig 5C).

Discussion

We found evidence of the oceans and marine animals garnering slightly more concern and
support than terrestrial systems and organisms, which does not match most global assessments
reporting a greater biodiversity crisis on land-especially inland freshwater—than the seas [32-
35]. While there is inherent bias associated with ease of measurements on land and lack of cov-
erage of the vast ocean regions, where threats are real and growing [2, 34, 36], the slight signifi-
cance for ocean ecosystems does raise the question as to the main drivers. While we did not
explicitly test for the mechanisms, more detailed awareness is likely an important indicator.
Similar to other U.S. specific studies with akin sample sizes [37], plastic pollution and oil spills
where the top concerns across both surveys of our study. There have been major social-mar-
keting campaigns around plastic pollution [37, 38], ocean-based oil spills can have very visible
and disastrous impacts on animals and local communities [39]-though evidence of singular
environmental disasters’ influence is mixed [40]-and the ocean may still be seen as more wild,
perhaps pristine, compared to the more engrained use and privatization of land [41]. While it
is likely a combination of these and other factors, what is driving the slight difference may be
worth further investigation. That said, it is important to note the small difference we detected
between land and sea did not elicit more (hypothetical) monetary allocation nor predictive
power of conservation need.
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From a societal perspective, how best to fund the growing conservation need on land and
in the oceans was somewhat mixed, but largely reflected how conservation is mostly funded
now: government. Respondents tended to favor more government supported pathways for
conservation than voluntary mechanisms, so much so that regulatory penalties for companies
who pollute-also known as ‘polluter pays principle’~was one of the best predictors of perceived
impact to respondents and/or their community. Penalties can support conservation in the
form of fines/settlements and taxes/fees. Fines and settlements can and have been employed to
support conservation efforts, but the monetary influx is variable and the environmental price
can be steep. For instance, the 2010 Deepwater Horizon oil spill resulted in the largest environ-
mental settlement in U.S. history ($20.8 billion in 2016) with 80% of those funds going directly
to restoration of the impacted region under the RESTORE Act (c. 2012) [42], established in
response to the spill. However, it devastated the coast and the associated communities, killing
wildlife and decimating oyster reefs and industry in the region [39]. A more sustained source
of funding comes from a number of U.S. taxes and fees relevant to biodiversity [43]. Most
notably, the Federal Aid in Wildlife Restoration Act (also known as the 1937 Pittman-Robert-
son Act) taxes the nearly $150 billion spent on hunting and fishing each year [44], contributing
ca. $1 billion in a given year in conservation funding [45]. But, hunting participation is
decreasing-linked to the decline of ‘dominance’ values over nature [3]-while funding needs
are increasing, suggesting voluntary (market and/or donation) support may be more necessary
to diversify resource streams [18, 46]. Indeed, globally conservation funds do not appear to
match the estimated need [47]. And although governmental finance is not disappearing but
shifting to non-hunting individuals purchasing weapons, the trend is garnering concern
around the loss of connection to nature that could result in loss of support for conservation
[46].

Recreation, thus access to nature, was an important predictor for the view of environmental
issues affecting respondents, something that has been found in many other studies [48-53]
and part of the theoretical Conservation-Recreation Model [16, 54]. Observational research
tends to measure connection to nature as exposure time [48]. We found the number of activi-
ties reported by respondents, specifically recreation activities >2, was an important predictor
of scored impact to self/community, and in turn may influence perceived conservation need—
though the direct relationship in this study between outdoor activities and need was weaker.
Research has found place-based meaning differs depending on the recreational activity [55],
which may influence the direct predictive power of the number of recreational activities on
overall conservation need. Nonetheless, people who hunt but did not fish or vice versa did
tend to respond with lower overall perceived impact to environmental issues; hunters with the
lowest overall scores and sample size, consistent with larger national surveys [44]. However,
hunters who also fished had comparable (or higher) values to the general population (i.e., rec-
reating at least 2 activities). Our results provide a more nuanced view on the dominance
hypothesis [3]-alongside similar research of hunting-birdwatching [56]-providing additional
evidence that it is the diversity of interaction with nature and not necessarily the dominance
over nature itself that may be most important in influencing perceived value [17]. Notably, our
results support other findings that messaging on a specific issue (e.g., ocean versus terrestrial)
is not as important in predicting conservation support, but rather connection to nature in gen-
eral in multifaceted ways [50]. These findings underscore the need to create easier access to
nature in different ways, regardless of the environment; this could be through outdoor pro-
grams (e.g., Outdoor Afo, Latino Outdoors, Outward Bound) [57-59], community science
engagement (e.g, eBird, COASST) [60-62], and even accessibility apps (e.g., Urban Outdoors),
to name a few. That all said, it is also recognized that recreating itself has impact and needs to
be managed [63]. Yet the benefits likely outweigh the costs—especially from a human equity
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[64] and health perspective [48, 50, 65]-when collective action is needed for protection and
management of biodiversity on the whole, land and sea.

Related to recreational connection to nature, we found similar and divergent results com-
pared to other studies, with perceived impact of environmental threats to the respondents
themselves and/or their community as key predictors to conservation need, regardless of age.
Indeed, research has shown personal experiences or worry (real or perceived) can influence
action or interest to addressing climate change [13, 14, 66] and conservation [51-53]. The Con-
servation-Recreation Model posits individual behavior is tightly linked to community, which is
informed by the overall connections to nature, as well as social norms [16, 54]https://www.
zotero.org/google-docs/?5E65YC. Notably in our study, generation (i.e., age)-a hypothesized
important indicator of social differences-was not the most important predictor in either
model, which has been found in other research contexts [67] but is somewhat counter to oth-
ers [3]. However, age did rank on the higher side relative to the other demographic variables,
along with income and political affiliation.

Political affiliation was not one of the major predictors of perceived conservation need or
environmental issues impacting the respondents, but the political voting process was; a critical
component of conservation action [68, 69]. Whether it was the act of voting or the effective-
ness of voting for an environmentally supportive politician, voting was one of the most impor-
tant predictors of how people responded. The distinction in predictive power of political
affiliation versus voting could be seen as a glimmer of hope. While there is deep polarization in
the U.S., it is how you vote that matters more than perhaps ideology when it comes to conser-
vation of natural ecosystems. In fact, in 2019 a large land conservation policy was re-upped
under the Trump administration [70], but attempts to remove ocean protections from fishing
was also pursued [71], among others. And although ‘number of kids’ was not an important
predictor of response in our sampled population, connection to nature and family traditions
(i.e., personal experiences) can be a tether to conservation, as described above. For example, in
2017, again under the Trump administration, Secretary of the Interior, Ryan Zinke, was
quoted in a press release about the U.S. Fish and Wildlife Service recurrent 5-year survey at
that time:

“Some of my best family time growing up and raising my own kids was hunting an elk,
enjoying a pheasant, or reeling in a rainbow. These are the memories and traditions I want
to share with future generations,” [72].

Opverall, the importance of conservation is low compared to other perceived issues in the U.
S. (e.g., healthcare, the economy), which perhaps makes it less contentious [73] but also less
prioritized. These patterns also may not be persistent over time. Other research has found
acute changes in perception of conservation before and after elections in a given region [74].
Other researchers have also found ideology is important in driving individual environmental
behaviors [75]; the authors did have a much larger sample size during a less polarized period,
but did have very different framing in questioning around conservation—in particular linking
to “global warming” and trying to answer why they conserve. Nonetheless, our results under-
score the inherent complexity of social-natural systems.

While our study captured new and re-enforcing patterns related to conservation in the U.
S., there were some limitations. We did not include wildlife watching, which makes up a large
portion of people and funding in the U.S. (148 million people and total expenditures of $250.2
billion), mostly birding [44]. Most wildlife watching is done at home (99%) and participation
is increasing [44], which can be a powerful connection to nature, including diversifying activi-
ties [56]. Unlike Manfredo et al. 2021, who showed values toward nature have shifted over
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time in the U.S., we did not have a temporal component to the work. However, the intent of
this study was largely to test the possible current ‘land vs sea’ difference, in particular the domi-
nance hypothesis of hunting and/or fishing. Our sample size (N = 1,973) was also compara-
tively small compared to other somewhat similar studies (e.g., N = 10,000-20,000 [18]), but
not others (N = 1,124 [55]), and queried people already interested in responding to a survey
(i.e., signed up in PollFish), which could bias the results. For example, our population was
more likely to participate in outdoor activities, with ca. 80% involved in at least one of the
activities in the study, compared to some national statistics reporting just over half [76]. How-
ever, this may be a function of the truncated age range of our study (18 or older). Regardless,
the results of this paper should not be taken in isolation, but relative to broader trends in the
literature.

In all, we found, like many before us, linking one’s self or community to the environment is
important for conservation support, but uniquely it does not seem to matter if the connection
is terrestrial or ocean-based. Our results are promising, suggesting access and connection to
nature more broadly “floats all boats,” especially when diversified. Similarly, political affiliation
may not be the end all determining conservation support, particularly with stronger connec-
tions to nature (e.g., hunting and fishing). However, funding remains an issue. While govern-
ment is the classic and seemingly preferred pathway to support conservation, more voluntary
pathways (e.g., private markets) likely need attention for a more mixed economic approach
given the growing need—which does seem to be supported by the incoming, voting generation
[18]. Ultimately, there is substantial potential to reduce future threats of extinction through
increased conservation investments and efforts [34].

Supporting information

S1 File. One table and three figures.
(PDF)

Acknowledgments

Nearly all data analyses were conducted on Amtrak trains. Given the vital time and connectiv-
ity riding trains provided-plus the reduce carbon footprint-we would like to thank California
public transit for the indirect support in the completion of this research.

Author Contributions

Conceptualization: Halley E. Froehlich, Darien D. Mizuta, Jono R. Wilson.
Data curation: Halley E. Froehlich, Darien D. Mizuta, Jono R. Wilson.
Formal analysis: Halley E. Froehlich.

Funding acquisition: Halley E. Froehlich, Jono R. Wilson.

Investigation: Halley E. Froehlich, Jono R. Wilson.

Methodology: Halley E. Froehlich.

Project administration: Halley E. Froehlich.

Resources: Halley E. Froehlich, Jono R. Wilson.

Software: Halley E. Froehlich.

Supervision: Halley E. Froehlich.

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 13/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307431.s001
https://doi.org/10.1371/journal.pone.0307431

PLOS ONE

U.S. value land vs. sea conservation

Validation: Halley E. Froehlich, Darien D. Mizuta.
Visualization: Halley E. Froehlich.
Writing - original draft: Halley E. Froehlich.

Writing - review & editing: Halley E. Froehlich, Darien D. Mizuta, Jono R. Wilson.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Williams DR, Clark M, Buchanan GM, Ficetola GF, Rondinini C, Tilman D. Proactive conservation to
prevent habitat losses to agricultural expansion. Nat Sustain. 2020; 1-9. https://doi.org/10.1038/
s$41893-020-00656-5

O’Hara C, Frazier M, Halpern BS. At-risk marine biodiversity faces extensive, expanding, and intensify-
ing human impacts. Science. 2021; 372: 84-87. https://doi.org/10.1126/science.abe6731 PMID:
33795456

Manfredo MJ, Teel TL, Berl REW, Bruskotter JT, Kitayama S. Social value shift in favour of biodiversity
conservation in the United States. Nat Sustain. 2021; 4: 323-330. https://doi.org/10.1038/s41893-020-
00655-6

Richards R. Measuring Conservation Progress in North America. 2018 Dec. Available: https://www.
americanprogress.org/article/measuring-conservation-progress-north-america/

Hilborn R, Ovando D. Reflections on the success of traditional fisheries management. ICES J Mar Sci.
2014;71: 1040-1046.

Bakker VJ, Baum JK, Brodie JF, Salomon AK, Dickson BG, Gibbs HK, et al. The changing landscape of
conservation science funding in the United States. Conserv Lett. 2010; 3: 435—444. https://doi.org/10.
1111/j.1755-263X.2010.00125.x

Peters CB, Zhan Y, Schwartz MW, Godoy L, Ballard HL. Trusting land to volunteers: How and why land
trusts involve volunteers in ecological monitoring. Biol Conserv. 2017; 208: 48-54.

Quintas-Soriano C, Gibson DM, Brandt JS, Lépez-Rodriguez MD, Cabello J, Aguilera PA, et al. An
interdisciplinary assessment of private conservation areas in the Western United States. Ambio. 2021;
50: 150-162. https://doi.org/10.1007/s13280-020-01323-x PMID: 32086786

NOAA Fisheries. Fisheries of the United States, 2018 | NOAA Fisheries. In: NOAA [Internet]. 21 Feb
2020 [cited 10 Nov 2020]. Available: https://www.fisheries.noaa.gov/feature-story/fisheries-united-
states-2018

Arlinghaus R, Aas @, Alos J, Arismendi |, Bower S, Carle S, et al. Global Participation in and Public Atti-
tudes Toward Recreational Fishing: International Perspectives and Developments. Rev Fish Sci
Aquac. 2021; 29: 58-95. https://doi.org/10.1080/23308249.2020.1782340

Brennan C, Ashley M, Molloy O. A System Dynamics Approach to Increasing Ocean Literacy. Front
Mar Sci. 2019; 6. Available: https://www.frontiersin.org/articles/10.3389/fmars.2019.00360

Jefferson R, McKinley E, Griffin H, Nimmo A, Fletcher S. Public Perceptions of the Ocean: Lessons for
Marine Conservation From a Global Research Review. Front Mar Sci. 2021; 8. Available: https://www.
frontiersin.org/articles/10.3389/fmars.2021.711245

Bouman T, Verschoor M, Albers CJ, Béhm G, Fisher SD, Poortinga W, et al. When worry about climate
change leads to climate action: How values, worry and personal responsibility relate to various climate
actions. Glob Environ Change. 2020; 62: 102061. https://doi.org/10.1016/j.gloenvcha.2020.102061

Broomell SB, Budescu DV, Por H-H. Personal experience with climate change predicts intentions to
act. Glob Environ Change. 2015; 32: 67—73. https://doi.org/10.1016/j.gloenvcha.2015.03.001

Daigle JJ, Hrubes D, Ajzen |. A Comparative Study of Beliefs, Attitudes, and Values Among Hunters,
Wildlife Viewers, and Other Outdoor Recreationists. Hum Dimens Wildl. 2002; 7: 1-19. https://doi.org/
10.1080/108712002753574756

Siemer WF, Decker DJ, Stedman RC, Doyle-Capitman C. Measuring complex connections between
conservation and recreation: an overview of key indicators. 2017 [cited 14 Nov 2023]. Available: https://
ecommons.cornell.edu/bitstream/handle/1813/48206/HDRU%2017-3%20%20Measuring%20complex
%20connections%20between%20conservation%20and%20recreation.pdf?sequence=2

Shephard S, von Essen E, Gieser T, List CJ, Arlinghaus R. Recreational killing of wild animals can foster
environmental stewardship. Nat Sustain. 2024; 1-8. https://doi.org/10.1038/s41893-024-01379-7

Larson LR, Peterson MN, Furstenberg RV, Vayer VR, Lee KJ, Choi DY, et al. The future of wildlife con-
servation funding: What options do U.S. college students support? Conserv Sci Pract. 2021; 3: e505.
https://doi.org/10.1111/csp2.505

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 14/17


https://doi.org/10.1038/s41893-020-00656-5
https://doi.org/10.1038/s41893-020-00656-5
https://doi.org/10.1126/science.abe6731
http://www.ncbi.nlm.nih.gov/pubmed/33795456
https://doi.org/10.1038/s41893-020-00655-6
https://doi.org/10.1038/s41893-020-00655-6
https://www.americanprogress.org/article/measuring-conservation-progress-north-america/
https://www.americanprogress.org/article/measuring-conservation-progress-north-america/
https://doi.org/10.1111/j.1755-263X.2010.00125.x
https://doi.org/10.1111/j.1755-263X.2010.00125.x
https://doi.org/10.1007/s13280-020-01323-x
http://www.ncbi.nlm.nih.gov/pubmed/32086786
https://www.fisheries.noaa.gov/feature-story/fisheries-united-states-2018
https://www.fisheries.noaa.gov/feature-story/fisheries-united-states-2018
https://doi.org/10.1080/23308249.2020.1782340
https://www.frontiersin.org/articles/10.3389/fmars.2019.00360
https://www.frontiersin.org/articles/10.3389/fmars.2021.711245
https://www.frontiersin.org/articles/10.3389/fmars.2021.711245
https://doi.org/10.1016/j.gloenvcha.2020.102061
https://doi.org/10.1016/j.gloenvcha.2015.03.001
https://doi.org/10.1080/108712002753574756
https://doi.org/10.1080/108712002753574756
https://ecommons.cornell.edu/bitstream/handle/1813/48206/HDRU%2017-3%20%20Measuring%20complex%20connections%20between%20conservation%20and%20recreation.pdf?sequence=2
https://ecommons.cornell.edu/bitstream/handle/1813/48206/HDRU%2017-3%20%20Measuring%20complex%20connections%20between%20conservation%20and%20recreation.pdf?sequence=2
https://ecommons.cornell.edu/bitstream/handle/1813/48206/HDRU%2017-3%20%20Measuring%20complex%20connections%20between%20conservation%20and%20recreation.pdf?sequence=2
https://doi.org/10.1038/s41893-024-01379-7
https://doi.org/10.1111/csp2.505
https://doi.org/10.1371/journal.pone.0307431

PLOS ONE

U.S. value land vs. sea conservation

19.

20.

21.

22,

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tyson BK and A. Americans’ Trust in Scientists, Positive Views of Science Continue to Decline. In: Pew
Research Center Science & Society [Internet]. 14 Nov 2023 [cited 20 Nov 2023]. Available: https:/
www.pewresearch.org/science/2023/11/14/americans-trust-in-scientists-positive-views-of-science-
continue-to-decline/

Estep K, Muse A, Sweeney S, Goldstein ND. Partisan Polarization of Childhood Vaccination Policies,
1995-2020. Am J Public Health. 2022; 112: 1471-1479. https://doi.org/10.2105/AJPH.2022.306964
PMID: 36007205

Tyson A, Kennedy B, Funk C. Gen Z, Millennials Stand Out for Climate Change Activism, Social Media
Engagement With Issue. In: Pew Research Center Science & Society [Internet]. 26 May 2021 [cited 20
Nov 2023]. Available: https://www.pewresearch.org/science/2021/05/26/gen-z-millennials-stand-out-
for-climate-change-activism-social-media-engagement-with-issue/

McCright AM, Xiao C, Dunlap RE. Political polarization on support for government spending on environ-
mental protection in the USA, 1974-2012. Soc Sci Res. 2014; 48: 251-260. https://doi.org/10.1016/j.
ssresearch.2014.06.008 PMID: 25131288

IUCN. The IUCN Red List of Threatened Species. In: IUCN Red List of Threatened Species [Internet].
2024 [cited 9 Jul 2024]. Available: https://www.iucnredlist.org/en

Kennedy AT Cary Funk and Brian. Americans Largely Favor U.S. Taking Steps To Become Carbon
Neutral by 2050. In: Pew Research Center Science & Society [Internet]. 1 Mar 2022 [cited 20 Nov
2023]. Available: https://www.pewresearch.org/science/2022/03/01/americans-largely-favor-u-s-
taking-steps-to-become-carbon-neutral-by-2050/

Marshall R, Burgess MG. Advancing bipartisan decarbonization policies: lessons from state-level suc-
cesses and failures. Clim Change. 2022; 171: 17. https://doi.org/10.1007/s10584-022-03335-w PMID:
35378820

R Core Team. R: A language and environment for statistical computing. Vienna, Austria; 2021. Avail-
able: https://www.R-project.org/

Breiman L. Random forests. Mach Learn. 2001; 45: 5-32. https://doi.org/10.1023/a:1010933404324

Cutler DR, Edwards TC, Beard KH, Cutler A, Hess KT. Random forests for classification in ecology.
Ecology. 2007; 88: 2783—-2792. https://doi.org/10.1890/07-0539.1 PMID: 18051647

Burgess HK, DeBey LB, Froehlich HE, Schmidt N, Theobald EJ, Ettinger AK, et al. The science of citi-
zen science: Exploring barriers to use as a primary research tool. Biol Conserv. 2016 [cited 19 Aug
2016]. https://doi.org/10.1016/j.biocon.2016.05.014

Manzali Y, Elfar M. Random Forest Pruning Techniques: A Recent Review. Oper Res Forum. 2023; 4:
43. https://doi.org/10.1007/s43069-023-00223-6

Census. U.S. Census Bureau QuickFacts: United States. 2022 [cited 7 Dec 2023]. Available: https:/
www.census.gov/quickfacts/fact/table/US/PST045222

Brondizio ES, Settele J, Diaz S, Ngo HT. Global assessment report on biodiversity and ecosystem ser-
vices of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Bonn
Germany: IPBES secretariat; 2019 p. 1148.

Chamberlain S. rredlist: “lUCN” Red List Client. 2020. Available: https://CRAN.R-project.org/package=
rredlist

Isbell F, Balvanera P, Mori AS, He J-S, Bullock JM, Regmi GR, et al. Expert perspectives on global bio-
diversity loss and its drivers and impacts on people. Front Ecol Environ. 2023; 21: 94-103. https://doi.
org/10.1002/fee.2536

Maxwell SL, Fuller RA, Brooks TM, Watson JEM. Biodiversity: The ravages of guns, nets and bulldoz-
ers. Nat News. 2016; 536: 143. https://doi.org/10.1038/536143a PMID: 27510207

McCauley DJ, Pinsky ML, Palumbi SR, Estes JA, Joyce FH, Warner RR. Marine defaunation: Animal
loss in the global ocean. Science. 2015; 347: 1255641. https://doi.org/10.1126/science.1255641 PMID:
25593191

Baechler BR, De Frond H, Dropkin L, Leonard GH, Proano L, Mallos NJ. Public awareness and percep-
tions of ocean plastic pollution and support for solutions in the United States. Front Mar Sci. 2024; 10:
1323477. https://doi.org/10.3389/fmars.2023.1323477

Eagle L, Hamann M, Low DR. The role of social marketing, marine turtles and sustainable tourism in
reducing plastic pollution. Mar Pollut Bull. 2016; 107: 324—-332. https://doi.org/10.1016/j.marpolbul.
2016.03.040 PMID: 27048689

Beyer J, Trannum HC, Bakke T, Hodson PV, Collier TK. Environmental effects of the Deepwater Hori-
zon oil spill: A review. Mar Pollut Bull. 2016; 110: 28-51. https://doi.org/10.1016/j.marpolbul.2016.06.
027 PMID: 27301686

Farrow K, Brinson A, Wallmo K, Lew DK. Environmental attitudes in the aftermath of the Gulf Qil Spill.
Ocean Coast Manag. 2016; 119: 128—134. https://doi.org/10.1016/j.ocecoaman.2015.10.001

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 15/17


https://www.pewresearch.org/science/2023/11/14/americans-trust-in-scientists-positive-views-of-science-continue-to-decline/
https://www.pewresearch.org/science/2023/11/14/americans-trust-in-scientists-positive-views-of-science-continue-to-decline/
https://www.pewresearch.org/science/2023/11/14/americans-trust-in-scientists-positive-views-of-science-continue-to-decline/
https://doi.org/10.2105/AJPH.2022.306964
http://www.ncbi.nlm.nih.gov/pubmed/36007205
https://www.pewresearch.org/science/2021/05/26/gen-z-millennials-stand-out-for-climate-change-activism-social-media-engagement-with-issue/
https://www.pewresearch.org/science/2021/05/26/gen-z-millennials-stand-out-for-climate-change-activism-social-media-engagement-with-issue/
https://doi.org/10.1016/j.ssresearch.2014.06.008
https://doi.org/10.1016/j.ssresearch.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/25131288
https://www.iucnredlist.org/en
https://www.pewresearch.org/science/2022/03/01/americans-largely-favor-u-s-taking-steps-to-become-carbon-neutral-by-2050/
https://www.pewresearch.org/science/2022/03/01/americans-largely-favor-u-s-taking-steps-to-become-carbon-neutral-by-2050/
https://doi.org/10.1007/s10584-022-03335-w
http://www.ncbi.nlm.nih.gov/pubmed/35378820
https://www.R-project.org/
https://doi.org/10.1023/a
https://doi.org/10.1890/07-0539.1
http://www.ncbi.nlm.nih.gov/pubmed/18051647
https://doi.org/10.1016/j.biocon.2016.05.014
https://doi.org/10.1007/s43069-023-00223-6
https://www.census.gov/quickfacts/fact/table/US/PST045222
https://www.census.gov/quickfacts/fact/table/US/PST045222
https://CRAN.R-project.org/package=rredlist
https://CRAN.R-project.org/package=rredlist
https://doi.org/10.1002/fee.2536
https://doi.org/10.1002/fee.2536
https://doi.org/10.1038/536143a
http://www.ncbi.nlm.nih.gov/pubmed/27510207
https://doi.org/10.1126/science.1255641
http://www.ncbi.nlm.nih.gov/pubmed/25593191
https://doi.org/10.3389/fmars.2023.1323477
https://doi.org/10.1016/j.marpolbul.2016.03.040
https://doi.org/10.1016/j.marpolbul.2016.03.040
http://www.ncbi.nlm.nih.gov/pubmed/27048689
https://doi.org/10.1016/j.marpolbul.2016.06.027
https://doi.org/10.1016/j.marpolbul.2016.06.027
http://www.ncbi.nlm.nih.gov/pubmed/27301686
https://doi.org/10.1016/j.ocecoaman.2015.10.001
https://doi.org/10.1371/journal.pone.0307431

PLOS ONE

U.S. value land vs. sea conservation

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Rock J, Sima E, Knapen M. What is the ocean: A sea-change in our perceptions and values? Aquat
Conserv Mar Freshw Ecosyst. 2020; 30: 532-539. https://doi.org/10.1002/agc.3257

DOJ. Fact sheet proposed consent decree with BP for the Deepwater Horizon/Macondo well oil spill.
Department of Justics, USA; 2016. Available: https://www.justice.gov/enrd/file/834511/download

OECD. Tracking Economic Instruments and Finance for Biodiversity. Paris, France: Organisation for
Economic Co-operation and Development; 2021 p. 13. Available: https://www.oecd.org/environment/
resources/biodiversity/tracking-economic-instruments-and-finance-for-biodiversity-2021.pdf

USFW. 2022 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation. Washington,
DC: U.S. Department of the Interior, U.S. Fish and Wildlife Service; 2022 p. 100.

USDOI. Sportsmen and Sportswomen Generate Nearly $1 Billion in Conservation Funding | U.S.
Department of the Interior. 19 Mar 2020 [cited 12 Dec 2023]. Available: https://www.doi.gov/
pressreleases/sportsmen-and-sportswomen-generate-nearly-1-billion-conservation-funding

Duda MD, Beppler T, Austen DJ, Organ JF. The precarious position of wildlife conservation funding in
the United States. Hum Dimens Wildl. 2022; 27: 164—172. https://doi.org/10.1080/10871209.2021.
1904307

McCarthy DP, Donald PF, Scharlemann JPW, Buchanan GM, Balmford A, Green JMH, et al. Financial
Costs of Meeting Global Biodiversity Conservation Targets: Current Spending and Unmet Needs. Sci-
ence. 2012; 338: 946—-949. https://doi.org/10.1126/science.1229803 PMID: 23065904

DeVille NV, Tomasso LP, Stoddard OP, Wilt GE, Horton TH, Wolf KL, et al. Time Spent in Nature Is
Associated with Increased Pro-Environmental Attitudes and Behaviors. Int J Environ Res Public Health.
2021; 18: 7498. https://doi.org/10.3390/ijerph18147498 PMID: 34299948

Kareiva P. Ominous trends in nature recreation. Proc Natl Acad Sci. 2008; 105: 2757-2758. https://doi.
org/10.1073/pnas.0800474105 PMID: 18287051

Prévot A-C, Cheval H, Raymond R, Cosquer A. Routine experiences of nature in cities can increase
personal commitment toward biodiversity conservation. Biol Conserv. 2018; 226: 1-8. https://doi.org/
10.1016/j.biocon.2018.07.008

Tarrant MA, Cordell HK. The Effect of Respondent Characteristics on General Environmental Attitude-
Behavior Correspondence. Environ Behav. 1997; 29: 618-637. https://doi.org/10.1177/
0013916597295002

Thapa B. The Mediation Effect of Outdoor Recreation Participation on Environmental Attitude-Behavior
Correspondence. J Environ Educ. 2010; 41: 133-150. https://doi.org/10.1080/00958960903439989

Wright PA, Mathews C. Building a culture of conservation: Research findings and research priorities on
connecting people to nature in parks. PARKS. 2015; 21. https://doi.org/10.2305/I[UCN.CH.2014.
PARKS-21-2PAW.en

Larson LR, Stedman RC, Decker DJ, Siemer WF, Baumer MS. Exploring the Social Habitat for Hunting:
Toward a Comprehensive Framework for Understanding Hunter Recruitment and Retention. Hum
Dimens Wildl. 2014; 19: 105—122. https://doi.org/10.1080/10871209.2014.850126

Larson LR, Cooper CB, Stedman RC, Decker DJ, Gagnon RJ. Place-Based Pathways to Proenviron-
mental Behavior: Empirical Evidence for a Conservation—Recreation Model. Soc Nat Resour. 2018; 31:
871-891. https://doi.org/10.1080/08941920.2018.1447714

Cooper C, Larson L, Dayer A, Stedman R, Decker D. Are wildlife recreationists conservationists? Link-
ing hunting, birdwatching, and pro-environmental behavior. J Wildl Manag. 2015; 79: 446—457. https://
doi.org/10.1002/jwmg.855

Gibson S, Loukaitou-Sideris A, Mukhija V. Ensuring park equity: a California case study. J Urban Des.
2019; 24: 385-405. https://doi.org/10.1080/13574809.2018.1497927

Grimwood BSR, Gordon M, Stevens Z. Cultivating Nature Connection: Instructor Narratives of Urban
Outdoor Education. J Exp Educ. 2018; 41: 204—219. https://doi.org/10.1177/1053825917738267

Miner JL, Boldt J. Outward Bound USA: Learning Through Experience in Adventure-Based Education.
ERIC; 1981. Available: https://eric.ed.gov/?id=ED215811

Parrish JK, Burgess H, Lindsey J, Divine L, Kaler R, Pearson S, et al. Partnering with the public: The
Coastal Observation and Seabird Survey Team. Partnerships in Marine Research. Elsevier; 2022. pp.
87—108. Available: https://www.sciencedirect.com/science/article/pii/B9780323904278000058

Schuttler SG, Sorensen AE, Jordan RC, Cooper C, Shwartz A. Bridging the nature gap: can citizen sci-
ence reverse the extinction of experience? Front Ecol Environ. 2018; 16: 405—411. https://doi.org/10.
1002/fee.1826

Sullivan BL, Wood CL, lliff MJ, Bonney RE, Fink D, Kelling S. eBird: A citizen-based bird observation
network in the biological sciences. Biol Conserv. 2009; 142: 2282-2292.

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 16/17


https://doi.org/10.1002/aqc.3257
https://www.justice.gov/enrd/file/834511/download
https://www.oecd.org/environment/resources/biodiversity/tracking-economic-instruments-and-finance-for-biodiversity-2021.pdf
https://www.oecd.org/environment/resources/biodiversity/tracking-economic-instruments-and-finance-for-biodiversity-2021.pdf
https://www.doi.gov/pressreleases/sportsmen-and-sportswomen-generate-nearly-1-billion-conservation-funding
https://www.doi.gov/pressreleases/sportsmen-and-sportswomen-generate-nearly-1-billion-conservation-funding
https://doi.org/10.1080/10871209.2021.1904307
https://doi.org/10.1080/10871209.2021.1904307
https://doi.org/10.1126/science.1229803
http://www.ncbi.nlm.nih.gov/pubmed/23065904
https://doi.org/10.3390/ijerph18147498
http://www.ncbi.nlm.nih.gov/pubmed/34299948
https://doi.org/10.1073/pnas.0800474105
https://doi.org/10.1073/pnas.0800474105
http://www.ncbi.nlm.nih.gov/pubmed/18287051
https://doi.org/10.1016/j.biocon.2018.07.008
https://doi.org/10.1016/j.biocon.2018.07.008
https://doi.org/10.1177/0013916597295002
https://doi.org/10.1177/0013916597295002
https://doi.org/10.1080/00958960903439989
https://doi.org/10.2305/IUCN.CH.2014.PARKS-21-2PAW.en
https://doi.org/10.2305/IUCN.CH.2014.PARKS-21-2PAW.en
https://doi.org/10.1080/10871209.2014.850126
https://doi.org/10.1080/08941920.2018.1447714
https://doi.org/10.1002/jwmg.855
https://doi.org/10.1002/jwmg.855
https://doi.org/10.1080/13574809.2018.1497927
https://doi.org/10.1177/1053825917738267
https://eric.ed.gov/?id=ED215811
https://www.sciencedirect.com/science/article/pii/B9780323904278000058
https://doi.org/10.1002/fee.1826
https://doi.org/10.1002/fee.1826
https://doi.org/10.1371/journal.pone.0307431

PLOS ONE

U.S. value land vs. sea conservation

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Dertien JS, Larson CL, Reed SE. Recreation effects on wildlife: a review of potential quantitative thresh-
olds. Nat Conserv. 2021; 44: 51-68. https://doi.org/10.3897/natureconservation.44.63270

Winter PL, Crano WD, Basaiiez T, Lamb CS. Equity in Access to Outdoor Recreation—Informing a
Sustainable Future. Sustainability. 2020; 12: 124. https://doi.org/10.3390/su12010124

Van Den Berg AE, Hartig T, Staats H. Preference for Nature in Urbanized Societies: Stress, Restora-
tion, and the Pursuit of Sustainability. J Soc Issues. 2007; 63: 79-96. https://doi.org/10.1111/j.1540-
4560.2007.00497.x

Sambrook K, Konstantinidis E, Russell S, Okan Y. The Role of Personal Experience and Prior Beliefs in
Shaping Climate Change Perceptions: A Narrative Review. Front Psychol. 2021; 12. Available: https://
www.frontiersin.org/articles/10.3389/fpsyg.2021.669911 PMID: 34276492

Hughes J, Rogerson M, Barton J, Bragg R. Age and connection to nature: when is engagement critical?
Front Ecol Environ. 2019; 17: 265—269. https://doi.org/10.1002/fee.2035

Ditmer MA, Niemiec RM, Wittemyer G, Crooks KR. Socio-ecological drivers of public conservation vot-
ing: Restoring gray wolves to Colorado, USA. Ecol Appl. 2022; 32: e2532. https://doi.org/10.1002/eap.
2532 PMID: 35044025

Kroetz K, Sanchirico JN, Armsworth PR, Spencer Banzhaf H. Benefits of the ballot box for species con-
servation. Ecol Lett. 2014; 17: 294-302. https://doi.org/10.1111/ele.12230 PMID: 24308886

Dunning KH. Unlikely conservation policy making in a polarized Congress: A multiple streams analysis
of “America’s most successful conservation program.” Polit Policy. 2022; 50: 93—118. https://doi.org/10.
1111/polp.12448

Froehlich HE, Gentry RR, Lester SE, Cottrell RS, Fay G, Branch TA, et al. Securing a sustainable future
for US seafood in the wake of a global crisis. Mar Policy. 2021; 104328. https://doi.org/10.1016/j.
marpol.2020.104328

US DOI. New 5-Year Report Shows 101.6 Million Americans Participated in Hunting, Fishing & Wildlife
Activities | U.S. Department of the Interior. 7 Sep 2017 [cited 7 Dec 2023]. Available: https://www.doi.
gov/pressreleases/new-5-year-report-shows-1016-million-americans-participated-hunting-fishing-
wildlife

Casola WR, Beall JM, Nils Peterson M, Larson LR, Brent Jackson S, Stevenson KT. Political polariza-
tion of conservation issues in the era of COVID-19: An examination of partisan perspectives and priori-
ties in the United States. J Nat Conserv. 2022; 67: 126176. https://doi.org/10.1016/j.jnc.2022.126176
PMID: 35370533

Niemiec R, Berl REW, Gonzalez M, Teel T, Salerno J, Breck S, et al. Rapid changes in public percep-
tion toward a conservation initiative. Conserv Sci Pract. 2022; 4: e12632. https://doi.org/10.1111/csp2.
12632

Coffey DJ, Joseph PH. A Polarized Environment: The Effect of Partisanship and Ideological Values on
Individual Recycling and Conservation Behavior. Am Behav Sci. 2013; 57: 116—139. https://doi.org/10.
1177/0002764212463362

QOutdoor Foundation. 2022 Outdoor Participation Trends Report. Boulder, CO USA; 2022 p. 50.

PLOS ONE | https://doi.org/10.1371/journal.pone.0307431  July 25, 2024 17/17


https://doi.org/10.3897/natureconservation.44.63270
https://doi.org/10.3390/su12010124
https://doi.org/10.1111/j.1540-4560.2007.00497.x
https://doi.org/10.1111/j.1540-4560.2007.00497.x
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.669911
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.669911
http://www.ncbi.nlm.nih.gov/pubmed/34276492
https://doi.org/10.1002/fee.2035
https://doi.org/10.1002/eap.2532
https://doi.org/10.1002/eap.2532
http://www.ncbi.nlm.nih.gov/pubmed/35044025
https://doi.org/10.1111/ele.12230
http://www.ncbi.nlm.nih.gov/pubmed/24308886
https://doi.org/10.1111/polp.12448
https://doi.org/10.1111/polp.12448
https://doi.org/10.1016/j.marpol.2020.104328
https://doi.org/10.1016/j.marpol.2020.104328
https://www.doi.gov/pressreleases/new-5-year-report-shows-1016-million-americans-participated-hunting-fishing-wildlife
https://www.doi.gov/pressreleases/new-5-year-report-shows-1016-million-americans-participated-hunting-fishing-wildlife
https://www.doi.gov/pressreleases/new-5-year-report-shows-1016-million-americans-participated-hunting-fishing-wildlife
https://doi.org/10.1016/j.jnc.2022.126176
http://www.ncbi.nlm.nih.gov/pubmed/35370533
https://doi.org/10.1111/csp2.12632
https://doi.org/10.1111/csp2.12632
https://doi.org/10.1177/0002764212463362
https://doi.org/10.1177/0002764212463362
https://doi.org/10.1371/journal.pone.0307431



