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Concern about the human
health implications of marine
biodiversity loss is higher among
less educated and poorer
citizens: Results from a
14-country study in Europe
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Group, University of Vienna, Vienna, Austria, 5AZTI, Marine Research; Basque Research and
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Introduction: Marine biodiversity loss has direct and indirect effects on human

health and wellbeing. Recent European data suggest that the public is aware of

this, identifying marine biodiversity protection as its top research priority in terms

of oceans and human health, rated higher than issues such as plastic, chemical,

and microbial pollution.

Methods: The current study aimed to better understand key sociodemographic

and personality predictors of concern aboutmarine biodiversity loss and the desire

for more research into marine biodiversity protection, in an attempt to support

communication efforts targeting specific sectors in society. Data were drawn from

nationally representative samples of 14 European countries (n = 14,167).

Results: Results show greater concern about marine biodiversity loss and

support for more research into marine biodiversity protection by older adults,

females, and individuals: (i) without (vs. with) a university degree; (ii) with lower

(vs. middle) incomes; (iii) who identified as politically left-wing; (iv) who visited

the coast more often; and (v) those with more open, agreeable and

conscientious personalities.

Discussion: These results suggest that, although concern and research support

are generally high among European citizens, policy makers and communicators

need to take into consideration individual-level variation.

KEYWORDS

marine biodiversity, biodiversity protection, biodiversity loss, public perceptions, public
health, oceans and human health, multi-country analysis, mediation analysis
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1 Introduction

Anthropogenic factors such as overfishing, land/sea use, climate

change, and pollutionare having a substantial negative impact on

the biodiversity of marine environments (United Nations, 2021a;

United Nations, 2021b). Globally, for example, approximately a

third of marine fish stocks are currently being harvested at

unsustainable levels (IPBES, 2019a). ‘Biodiversity loss and

extinctions’ have been described as one of the nine planetary

boundaries (Rockström et al., 2009; Steffen et al., 2015; EEA and

FOEN, 2020), partly due to their influence on other planetary

boundaries (Rockström et al., 2009).

Growing realisation about the gravity of marine biodiversity

loss, has led to the issue receiving ever greater attention from policy

makers. Some efforts target specific jurisdictions such as the

European Union’s ambitious Marine Strategy Framework

Directive (MSFD; European Union, 2008) which aimed to achieve

good environmental status by 2020, including ensuring that

“biological diversity is maintained”, across trans-national

European waters. With these original targets unmet, new revised

2030 targets have been proposed for both Europe (European

Commission, 2020) and further afield (Secretariat of the

Convention on Biological Diversity, 2020; United Nations, 2021c).

The links between biodiversity health (terrestrial and marine) and

human health have been well documented (MEA, 2005; Lloret,

2010; Valderrama et al., 2010; Teh and Sumaila, 2013; Cracknell

et al., 2016; Lindequist, 2016; White et al., 2017; Collins et al., 2019;

Secretariat of the Convention on Biological Diversity, 2020) and

they are now receiving greater policy attention (UN, 2015; IPBES,

2019b). However, knowledge about how the general public

perceives these issues is relatively sparse. Given the attention paid

to biodiversity decline by NGOs (e.g. World Wildlife Fund, 2018),

the United Nations Decade of biodiversity (2010-2020) and widely

viewed TV programmes (e.g. BBC’s ‘Extinction: The facts’ with over

5 million viewers1), one might assume that the public has relatively

high awareness of the negative effects of biodiversity loss, in

comparison with other marine-based threats to human health

(e.g. drug-resistant microbes, Leonard et al., 2018). However,

biodiversity loss is still covered approximately eight times less in

the media than climate change (Legagneux et al., 2018), and whilst

the reasons for this are unknown, it raises question-marks about

how high up on the priority list of challenges to human health and

wellbeing marine biodiversity loss is perceived to be.

Understanding the general public perceptions of these issues is

important because, as suggested by Gkargkavouzi et al. (2020), the

management of marine resources requires understanding of

“peoples’ knowledge, attitudes, values, general beliefs and

perceptions toward marine biodiversity to ensure social acceptance,

compliance, public support and participation, and eventually achieve

more effective conservation interventions”. Drawing on data from

the H2020 Seas, Oceans and Public Health In Europe survey

(SOPHIE Survey2), Davison et al. (2021) found that marine
1 BBC (2020). Extinction: The Facts. Available at: https://www.bbc.co.uk/

programmes/m000mn4n [Accessed July 19, 2021].
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species loss was ranked as the third greatest concern by European

citizens in terms of potential impacts to human health and well-

being, out of a possible 16 marine threats. Moreover, marine species

protection was rated as the top research area, in terms of citizen

support for research funding into better understanding health

implications, out of a possible 15 research areas linked to

addressing marine threats. Additionally, Davison et al. (2021)

found country-level differences in the level of concern and

research support into marine species loss/protection, with

respondents from countries such as Bulgaria showing higher

levels of concern and research support, compared to countries

such as the Netherlands. However, the socio-demographic and

individual difference predictors of these responses were not

explored in that investigation. This information could be

important in identifying which groups in society tend to have

greater or lesser concern, which in turn may aid targeted

communication efforts (Feinberg and Willer, 2013; Wolsko et al.,

2016; Whitmarsh and Corner, 2017). The aim of the current paper

was to address this gap.

Previous public perception studies have found that recreational

visit frequency to marine settings had a significant positive

association with concern for invasive species effects and the

changing distribution of marine wildlife (Gelcich et al., 2014).

Additionally, the Eurobarometer (2017) survey showed concern

for “the decline or extinction of species and habitats, and of natural

ecosystems” to be higher in younger age groups (15-24 yr) than

those in older age groups (55+ yrs) and those with a higher

educational attainment than those with a lower attainment.

However, the impacts on human health and well-being were not

explicitly considered in either study. Finally, building on the

existing literature on socio-demographic predictors of

environmental concern (Van Liere and Dunlap, 1980; Zelezny

et al., 2000; Gifford and Nilsson, 2014; Hamilton and Safford,

2015; Hornsey et al., 2016), the Davison et al. (2021) study into

public attitudes towards the health effects of marine threats found

that women, those who were older, people on the political left, and

again those in education, expressed greater concern for, and support

for research into, the health impacts of marine plastic pollution.

Engaging in coastal recreation activities, such as coastal walking and

even more passive activities such as watching the view, were found

to be positive predictors of concern and research support, whilst

having a household member employed in a marine profession was

associated with lower concern and support for research.

Additionally, those with more open, conscientious and agreeable

personalities expressed greater concern and research support.

Perhaps unsurprisingly there was also a strong association

between concern about marine plastic pollution for human health

and support for more research into the issue. In combination, these

findings highlight the importance of considering individual-level

differences of health-related perceptions of marine issues.

From the studies reviewed, there is a lack of trans-national,

representative data examining individual-level determinants of

human health-related perceptions of marine biodiversity,
2 https://sophie2020.eu/activities/sophie-survey/
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including preferences for future research. Additionally, there seems

to be no literature on the role of psychological variables (e.g.

personality traits) on perceptions of marine biodiversity.

Therefore, the current paper aimed to understand which socio-

demographic, reported marine contact, and psychological factors

would predict perceptions about the human health-related aspects

of marine biodiversity loss3.

In summary, this paper aimed to answer the following research

questions (RQs):

RQ1) To what extent do citizens across Europe vary in their

concern for, and support for research into, the health impacts of

marine species loss or protection;

RQ2) To what extent are individual characteristics such as

socio-demographic factors (e.g. age, education and income) and

political orientation, marine contact/experience factors (e.g. coastal

proximity), and personality factors associated with human health-

related concern over the loss of marine species (i.e. biodiversity loss)

(RQ2a) and support for research funding into marine species

protection (RQ2b); and

RQ3) How are concern about species loss and support for

research into species protection related; specifically, like plastic

pollution, does concern about the health impacts of marine

species loss mediate (or account for) the relationship between any

identified individual characteristics (e.g. socio-demographic factors)

and research support for marine species protection in Europe?
2 Methods

2.1 The SOPHIE survey

The survey collected responses from 14,167 individuals (Mdnage
= 46 age range: 18-99 years, 6,898 men and 7,269 women), with

approximately 1,000 respondents from each of 14 European

countries sampled (Belgium, Bulgaria, Czech Republic, France,

Germany, Greece, Italy, the Netherlands, Norway, Poland,

Portugal, the Republic of Ireland, Spain and the United

Kingdom). The 14 countries were chosen based on their

bordering of one of Europe’s six sea basins (i.e. Atlantic Ocean,

Baltic Sea, Black Sea, Mediterranean, North Sea and Arctic), with

the Czech Republic chosen as a land-locked country whose citizens

may have less direct experience of marine issues. Although analysis

by sea-basin was considered, we did not have data on where exactly

respondents in countries with access to multiple basins (e.g. France,

Germany, Norway, Spain, UK) resided, so no further analyses

discusses sea-basin to avoid misclassification.

The survey was designed in collaboration with SOPHIE project

partners, expert advisory board members and various marine

stakeholders and translated in all relevant languages (see Roberts

et al., 2021). Data were collected using established on-line panels by

an international polling company between March and April 2019.
3 Unlike Davison et al. (2021) which examined perceptions of European and

Australia respondents together, our research focuses on perceptions of

European respondents only.
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Data were stratified at a country-level, representative by age, gender

and region. Ethical approval was granted by the University of Exeter

(ref no: Nov18/B/171).
2.2 Measures

2.2.1 Dependent variables
Although the survey contained a wide variety of items (Roberts

et al., 2021), the two most relevant sets of questions examined here

were: a) the level of concern expressed over the human health and

wellbeing impacts of multiple marine threats and b) the level of

support for more research funding into various marine research

areas with the aim of better understanding the health implications.

To examine concern, respondents were asked “How concerned

do you feel about the following potential threats to human health/

wellbeing?”. Respondents were then presented with 16 marine

threats (Table S1, Supplementary Materials) including ‘marine

species loss’, the marine threat of focus for our research. Support

for health-related research was assessed with the question “To what

extent would you support more research funding in the following

areas, to better understand health/wellbeing implications? Research

into…”, with respondents presented with 15 marine research areas

(Table S1 Supplementary Materials) including ‘marine species/

wildlife protection’, the marine research area relating to this

paper. Seven-point scales were used for respondents to record

their response to each question (0 = not at all concerned/no

support at all, 6 = extremely concerned/strong support). In the

subsequent results and discussions, ‘marine species loss’ refers to

concern and ‘marine species protection’ refers to research support.

2.2.2 Predictor variables
Two separate groups of models were conducted predicting: a)

concern over marine species loss; and b) research preferences into

marine species protection, with predictor variables selected based on

previous marine-related papers (e.g. Papathanasopoulou et al., 2016;

Elliott et al., 2018; Garrett et al., 2019) entered into the models in three

stages (first socio-demographics and political orientation, then marine

contact/experience, then personality traits). To explore RQ3, concern

was additionally added as a predictor of research support in the final

research support model (see also Davison et al., 2021). Details of the

predictor variables, including their wording and categorisation are

described in supplementary materials (Table S2). Details of sample

numbers for each category of predictor variable are presented in Table 1.
2.3 Data analyses

The data collected have been added to the UK data archives and are

publicly available4. Analyses were completed using the programme R

(R Core Team, 2021). To investigate RQ1, multi-level models with

‘country of residence’ as a random intercept were conducted on the
4 The SOPHIE survey data are publicly available on the UK data archive:

https://beta.ukdataservice.ac.uk/datacatalogue/studies/study?id=8972.
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TABLE 1 Sample sizes, correlations or means (standard deviations) of concern and research support for each variable/category included in a) marine
biodiversity concern and b) marine biodiversity research support models.

Concern models Research Support models Overall sample

N r/Mean (SD) N r/Mean (SD) N

Socio-demographics and political orientation

Age 13460 0.15 13236 0.12 14167

Gender

Men (reference) 6565 4.97 (1.29) 6466 5.06 (1.23) 6898

Women 6895 5.20 (1.13) 6770 5.26 (1.13) 7269

Educational attainment

‘No degree’ (reference) 6769 5.09 (1.23) 6643 5.17 (1.21) 7206

‘Degree’ 6651 5.10 (1.20) 6553 5.16 (1.16) 6882

‘Missing’ 40 4.69 (1.66) 40 4.72 (1.63) 79

Employment situation

‘Full time’ (reference) 7573 5.03 (1.23) 7441 5.12 (1.19) 7871

‘Student’ 757 4.84 (1.33) 747 5.02 (1.23) 808

‘Retired’ 2384 5.28 (1.10) 2352 5.31 (1.09) 2493

‘Other’ 2577 5.17 (1.20) 2530 5.22 (1.22) 2776

‘Missing’ 169 4.85 (1.44) 166 4.87 (1.49) 219

Income

‘Low income’ 2856 5.16 (1.20) 2806 5.21 (1.23) 3049

‘Middle income’ (reference) 4608 5.07 (1.23) 4537 5.16 (1.15) 4791

‘High income’ 4244 5.09 (1.22) 4201 5.18 (1.16) 4372

‘Missing’ 1752 5.04 (1.24) 1692 5.08 (1.28) 1955

Political orientation

‘Left’ (reference) 2984 5.27 (1.10) 2953 5.34 (1.06) 3082

‘Centre’ 5303 5.09 (1.18) 5240 5.16 (1.15) 5499

‘Right’ 3266 4.92 (1.33) 3223 5.00 (1.27) 3394

‘Missing’ 1907 5.12 (1.25) 1820 5.19 (1.29) 2192

Contact/experience with the marine environment

Coastal proximity

‘≤1 km’ 1270 5.21 (1.16) 1255 5.28 (1.12) 1340

‘>1-5 km’ 1492 5.09 (1.23) 1467 5.22 (1.16) 1563

‘>5-20 km’ 1891 5.11 (1.17) 1867 5.17 (1.16) 1986

‘>20 km’ (reference) 8732 5.07 (1.23) 8576 5.14 (1.20) 9196

‘Missing’ 75 5.03 (1.47) 71 4.98 (1.46) 82

Frequency of coastal visits

‘≥ Once a week’ 2178 5.28 (1.12) 2159 5.34 (1.08) 2263

‘Visits the coast < once a week’ (reference) 11028 5.06 (1.23) 10839 5.13 (1.20) 11575

‘Missing’ 254 5.01 (1.39) 238 5.12 (1.36) 329

(Continued)
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final models to explore the country level variation in a) concern over

the health impacts of marine species loss, and b) research support into

the health implications of marine species protection.

To explore RQ2a and RQ2b which aimed to investigate if

individual-level characteristics predicted a) concern for marine

species loss and b) research support for marine species protection,

hierarchical multi-level regression models were built with the function

‘lmer’ from the package ‘lme4’ (Bates et al., 2015). To answer RQ3

regarding whether concern mediated the relationship between

individual characteristics and research support, a second model was

created for predicting research support which added concern to the

previous model. Any decrease or reduction of significance of

coefficients would be indicative of mediation which was subsequently

tested by the R function ‘mediation’ (Tingley et al., 2014). This

separated each characteristic’s effect on research support into direct,

indirect and total effects, and indicated if they were significant.

Models had ‘country of residence’ as a random intercept and

following previous environmental concern literature (Nawrotzki,

2012; Aspelund et al., 2013; Poortinga et al., 2019), political

orientation as a random slope, to account for national-level

respondent clustering and cross-country variation in the effect of

political orientation on concern and research support. Survey weights

were used in all models to maintain national representativeness with

regards to the sampling strata within each country (i.e. sex, age, and
Frontiers in Marine Science 05
region of residence) using the R function ‘rescale_weights’ from

package ‘parameters’ (Lüdecke et al., 2020). Correlations and

means for each of the variables contained in the models can be

seen in supplementary materials Table S1. The models for research

support with and without concern were compared using the ANOVA

function (R Core Team, 2021).

Due to non-normally distributed outcome variables, models were

also run with the Gamma family and identity link. The akaike

information criterion (AIC) of models were compared, and the

Gaussian models were found to have the lowest AIC. Model estimates

were largely consistent across models, therefore Gaussian models were

used, consistent with findings that Gaussian models can be robust to

non-normal data (Schielzeth et al., 2020; Knief and Forstmeier, 2021).
3 Results

3.1 Country variation in marine
biodiversity perceptions

In response to RQ1, the country-level random intercepts of

models predicting concern for the health impacts of marine species

loss and support for research into the health implications of marine

species protection are shown in Figure 1. Figure 1A, B show how
TABLE 1 Continued

Concern models Research Support models Overall sample

Marine recreational activities

‘Active coastal recreation’ (e.g. beach/coastal walking) 11142 5.15 (1.17) 10984 5.22 (1.13) 11589

‘Passive coastal recreation’ (e.g. watching the view) 11453 5.14 (1.17) 11289 5.22 (1.14) 11920

‘Recreational water sports’ (e.g. surfing) 3818 5.08 (1.22) 3765 5.17 (1.18) 3968

‘Swimming’ 6744 5.12 (1.21) 6656 5.21 (1.15) 6985

‘Eating seafood’ 6218 5.24 (1.10) 6154 5.31 (1.09) 6389

‘Other’ 147 5.05 (1.42) 145 5.09 (1.45) 156

‘Missing’ 38 4.06 (2.01) 35 3.99 (1.96) 71

‘None’ (reference) 655 4.80 (1.45) 614 4.88 (1.46) 733

Marine sector occupation

‘Marine occupation in household’ 1329 4.98 (1.33) 1305 5.07 (1.22) 1429

‘No marine occupation in household’ (reference) 11645 5.11 (1.19) 11461 5.19 (1.17) 12171

‘Missing’ 486 4.97 (1.39) 470 4.91 (1.47) 567

Personality traits

Openness 13460 0.08 13236 0.09 14030

Conscientiousness 13460 0.04 13236 0.05 14006

Extraversion 13460 0.02 13236 0.02 14035

Agreeableness 13460 0.04 13236 0.06 14038

Neuroticism 13460 0.00 13236 0.00 14048

Concern – – 13236 0.59 13864
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each country differs from the respective overall model intercept.

Details of how country level intercepts were retrieved are contained

in the data analyses section above. Figure 1 suggests that there was

more country-level variation in concern over the loss of marine

species than in support for research into marine species protection.

This suggests that countries were more aligned on support for

research, than on concern.

Figure 1 also shows that some countries ranked low compared

to others on both concern and research support, such as the

Netherlands, Norway and Belgium. In contrast, other countries

ranked relatively high on both, such as Bulgaria and Portugal. Of

note, non-overlap of 95% confidence intervals is conceptually

equivalent to the scores of the countries being significantly

different. For some countries such as France, there appears to be

variation depending on the variable in question, with concern

ranking relatively high in comparison with other countries, yet

research support remaining average in comparison with

other countries.
3.2 Predicting European concern for the
public health/wellbeing impacts of marine
species loss

Table 2 (Column 2) shows the multi-level model predicting

concern for the human health impacts of marine species loss

(‘biodiversity concern’) across 14 European nations (RQ2a). In

terms of socio-demographics, results found that older

respondents (b = 0.17, 95% CIs: 0.14, 0.20), and females (b =

0.17, 95% CIs: 0.13, 0.20), were significantly more concerned about

the public health impacts of marine species loss than those younger

adults and males. By contrast, those with a degree were less likely to
Frontiers in Marine Science 06
be concerned than those without a degree (b = -0.05, 95% CIs: -0.09,

0.00), and those in the lowest income category (b = 0.10, 95% CIs:

0.04, 0.15) were significantly more concerned than those in the

middle-income category (and also more concerned than those in

the highest category although this wasn’t directly compared).

Political orientation was also shown to be significantly associated

with concern, with those aligned with the centre (b = -0.14, 95%

CIs: -0.22, -0.05) and right (b = -0.26, 95% CIs: -0.39, -0.13)

expressing lower concern than those who aligned with the left.

In terms of marine contact/experience variables, those who

visited the coast once a week or more often (b = 0.08, 95% CIs: 0.01,

0.15) were significantly more concerned than those who visited less

often. Those who engaged in active beach activities (b = 0.18, 95%

CIs: 0.12, 0.24), passive beach activities (b = 0.13, 95% CIs: 0.07,

0.20), water sports (b = 0.06, 95% CIs: 0.01, 0.11), eating seafood (b
= 0.13, 95% CIs: 0.08, 0.17) or other activities (b = 0.33, 95% CIs:

0.14, 0.53) whilst visiting the coast were significantly more

concerned than those who engaged in no coastal recreation

activities. Those who engaged in swimming (b = 0.00, 95% CIs:

-0.04, 0.05), however, did not differ in their concern from those who

engaged in no coastal recreation. Neither home proximity to the

coast nor having a family member engaged in a maritime

occupation were related to concern.

Finally, in terms of personality, those higher in openness (b =

0.09, 95% CIs: 0.06, 0.11), conscientiousness (b = 0.05, 95% CIs:

0.02, 0.07) and agreeableness (b = 0.03, 95% CIs: 0.01, 0.06) were

found to be significantly more concerned than those lower in these

personality traits. No significant effects were found for extraversion

(b = 0.01, 95% CIs: -0.01, 0.03) or neuroticism (b = 0.01, 95% CIs:

-0.01, 0.03). Biodiversity concern Model 1 explained 13% of the

variance in concern for the public health impacts of marine

species loss.
A B

FIGURE 1

Country-level intercepts (ranked from highest to lowest in each case) from final models predicting health-related concern for (A) marine species loss
(Biodiversity Concern Model 1), and (B) support for health-related research funding into marine species protection (Biodiversity Research Model 2).
Scores for each country represent divergence from the grand mean (with 95% confidence intervals) across all countries, and not absolute scores (so
France was significantly above average for concern, whereas Netherlands was significantly below average).
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TABLE 2 Multi-level regression analyses predicting concern for the human health impacts of marine species loss and support for research funding
into better understanding the health impacts of marine species protection using ‘country of residence’ as a random intercept and ‘political orientation’
as a random slope.

Biodiversity Concern Model 1 Biodiversity Research
Model 1

Biodiversity Research
Model 2 (+ Concern)

B [95% CI] B [95% CI] B [95% CI]

(Intercept) 4.15 *** 4.34 *** 2.11 ***

[3.94, 4.35] [4.15, 4.54] [1.95, 2.28]

Socio-demographics

Age (18 to 99) 0.17 *** 0.13 *** 0.04 ***

[0.14, 0.20] [0.11, 0.16] [0.02, 0.07]

Gender (ref: Men)

Women 0.17 *** 0.14 *** 0.05 **

[0.13, 0.21] [0.10, 0.18] [0.02, 0.09]

Education (ref: No Degree)

Degree -0.05 * -0.06 ** -0.04 *

[-0.09, -0.00] [-0.10, -0.02] [-0.07, -0.00]

Missing -0.20 -0.21 -0.12

[-0.56, 0.16] [-0.56, 0.14] [-0.41, 0.18]

Employment (ref: Full
time Employment)

Student 0.03 0.10 * 0.09 *

[-0.06, 0.12] [0.00, 0.19] [0.01, 0.17]

Retired -0.01 0.00 0.01

[-0.08, 0.05] [-0.07, 0.06] [-0.05, 0.06]

Other 0.06 * 0.05 0.01

[0.00, 0.11] [-0.01, 0.10] [-0.03, 0.06]

Missing -0.17 -0.19 * -0.08

[-0.35, 0.01] [-0.37, -0.01] [-0.23, 0.07]

Income (ref: Middle)

Low 0.10 *** 0.06 * 0.00

[0.04, 0.15] [0.00, 0.11] [-0.04, 0.05]

High -0.02 -0.04 -0.04

[-0.07, 0.03] [-0.09, 0.01] [-0.08, 0.01]

Missing 0.03 -0.04 -0.06 *

[-0.03, 0.10] [-0.10, 0.03] [-0.11, -0.00]

Political orientation (ref: Left)

Centre -0.14 ** -0.15 *** -0.07 **

[-0.22, -0.05] [-0.22, -0.08] [-0.12, -0.02]

Right -0.26 ** -0.26 *** -0.11 **

[-0.39, -0.13] [-0.37, -0.15] [-0.18, -0.05]

Missing -0.11 -0.11 -0.05

(Continued)
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TABLE 2 Continued

Biodiversity Concern Model 1 Biodiversity Research
Model 1

Biodiversity Research
Model 2 (+ Concern)

[-0.22, -0.01] [-0.22, -0.00] [-0.12, 0.03]

Marine contact/experience

Coastal proximity (ref: +20 km)

≤1km 0.02 0.05 0.04

[-0.07, 0.11] [-0.04, 0.14] [-0.04, 0.11]

>1-5km -0.02 0.03 0.04

[-0.09, 0.05] [-0.04, 0.10] [-0.02, 0.10]

>5-20km 0.02 0.01 -0.00

[-0.05, 0.08] [-0.05, 0.08] [-0.05, 0.05]

Missing -0.10 -0.19 -0.16

[-0.36, 0.16] [-0.45, 0.07] [-0.38, 0.06]

Visit frequency (ref: Less often than once a week)

Once a week or more 0.08 * 0.08 * 0.04

[0.01, 0.15] [0.01, 0.15] [-0.02, 0.09]

Missing 0.01 0.02 0.02

[-0.14, 0.15] [-0.12, 0.17] [-0.10, 0.14]

Recreation activities (ref: no activities)

Active beach 0.18 *** 0.17 *** 0.08 **

[0.12, 0.24] [0.11, 0.23] [0.03, 0.13]

Passive beach 0.13 *** 0.14 *** 0.07 **

[0.07, 0.20] [0.07, 0.20] [0.02, 0.13]

Watersports 0.06 * 0.04 0.01

[0.01, 0.11] [-0.00, 0.09] [-0.03, 0.05]

Swimming 0.00 0.01 0.01

[-0.04, 0.05] [-0.03, 0.06] [-0.02, 0.05]

Eating seafood 0.13 *** 0.12 *** 0.06 **

[0.08, 0.17] [0.08, 0.16] [0.02, 0.09]

Other 0.33 *** 0.32 ** 0.14

[0.14, 0.53] [0.13, 0.51] [-0.02, 0.31]

Missing -0.47 * -0.60 ** -0.35 *

[-0.84, -0.10] [-0.98, -0.22] [-0.67, -0.03]

Marine sector occupation (ref: No marine occupation in household)

Household member has a marine occupation -0.05 -0.05 -0.03

[-0.12, 0.02] [-0.12, 0.01] [-0.09, 0.03]

Missing -0.09 -0.22 *** -0.16 ***

[-0.19, 0.02] [-0.32, -0.11] [-0.25, -0.07]

(Continued)
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3.3 Predicting European support
for research funding in marine
species protection

3.3.1 Multi-level linear regression analysis
Table 2 (Columns 3 & 4) shows models predicting support for

research funding into the health implications of marine species

protection (‘biodiversity research’) across the 14 European nations

surveyed (RQ2b). Similarly to the model for concern, biodiversity

researchModel 1 (which included the same predictors as for concern)

also found that those who were older (b = 0.13, 95% CIs: 0.11, 0.16),

female (b = 0.14, 95% CIs: 0.10, 0.18), or in the lowest income

category (b = 0.06, 95% CIs: 0.00, 0.11) were significantly more

concerned about the public health impacts of marine species loss than

those who were younger, male, or in the middle-income category.

Again, like concern, those with a degree showed less support for

research in this area than those without (b = -0.06, 95% CIs: -0.10,

-0.02), though this time, those in education were at least significantly

more supportive of biodiversity research than those in full time

employment (b = 0.10, 95% CIs: 0.00, 0.19). As with concern, those

with centre-aligned (b = -0.15, 95% CIs: -0.22, -0.08) and right-

aligned (b = -0.26, 95% CIs: -0.37, -0.15) political beliefs reported

lower levels of support than those who aligned with the left.

In terms of marine contact/experience variables, those who

visited the coast once a week or more indicated more research
Frontiers in Marine Science 09
support than those who visited less often (b = 0.08, 95% CIs: 0.01,

0.15). Additionally, engaging in active beach activities (b = 0.17,

95% CIs: 0.11, 0.23), passive beach activities (b = 0.14, 95% CIs:

0.07, 0.20), eating seafood (b = 0.12, 95% CIs: 0.08, 0.16) or other

forms of recreation (b = 0.32, 95% CIs: 0.13, 0.51) when visiting the

coast were all positively related to research support. On the other

hand, those who engaged in water sports or swimming did not differ

in their research support from those who did not engage in any

coastal recreation. Neither coastal proximity nor marine sector

occupation were significantly associated with research support.

Again, in terms of personality, openness (b = 0.08, 95% CIs: 0.05,

0.10), conscientiousness (b = 0.03, 95% CIs: 0.01, 0.06) and

agreeableness (b = 0.05, 95% CIs: 0.02, 0.08) were shown to be

significant positive predictors of research support. The model

explained 11% of the variation in research support.

Adding concern for the public health impacts of marine species

loss as a predictor (biodiversity research Model 2) resulted in a

significant improvement on model 2 (X2 = 4844.92; p < 0.001).

Concern was a significant positive predictor of research support (b
= 0.53, 95% CIs: 0.52, 0.55). The final model explained 36% of the

total variance in research support, an increase of 25% fromModel 1.

3.3.2 Mediation analysis
To answer RQ3, mediation analysis was conducted for each

variable whose effect may have been mediated by concern in
TABLE 2 Continued

Biodiversity Concern Model 1 Biodiversity Research
Model 1

Biodiversity Research
Model 2 (+ Concern)

Psychological factors

Personality traits

Openness (1 to 5) 0.09 *** 0.08 *** 0.03 **

[0.06, 0.11] [0.05, 0.10] [0.01, 0.05]

Conscientiousness (1 to 5) 0.05 *** 0.03 ** 0.01

[0.02, 0.07] [0.01, 0.06] [-0.01, 0.03]

Extraversion (1 to 5) 0.01 0.00 -0.01

[-0.01, 0.03] [-0.02, 0.02] [-0.03, 0.01]

Agreeableness (1 to 5) 0.03 * 0.05 *** 0.03 **

[0.01, 0.06] [0.02, 0.08] [0.01, 0.06]

Neuroticism (1 to 5) 0.01 0.00 -0.00

[-0.01, 0.03] [-0.02, 0.02] [-0.02, 0.01]

Concern about marine species loss 0.53 ***

[0.52, 0.55]

N (respondents) 13460 13236 13236

N (country) 14 14 14

AIC 42350.90 41185.32 36615.44

R2 (fixed) 0.06 0.06 0.35

R2 (total) 0.13 0.11 0.36
*** p < 0.001, **p < 0.01, *p < 0.05. CI = confidence interval. Ns < 14,167 due to missing data.
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biodiversity research Model 2. Table 3 confirms that the effects of

age, gender, centre-aligned political orientation, right-aligned

political orientation, active coastal recreation, passive coastal

recreation, seafood consumption, openness and agreeableness on

research support were partially mediated by concern, whilst the

effects of having a lower income, visit frequency and

conscientiousness on research support for marine species

protection were fully mediated via concern. Interestingly the

mediation analysis showed that having no degree and being

currently in education actually showed no significant indirect

effect. That is, greater desire for research was not being driven by

concern among these individuals.
4 Discussion

Marine species loss is an issue of major environmental

importance and has been described as a planetary boundary

(Rockström et al., 2009; Steffen et al., 2015; Nash et al., 2017;

EEA and FOEN, 2020). If we are to mobilise public action on the

issue, determining which individuals are more/less concerned by

biodiversity loss and supportive of research into its interactions

with human health has never been more important (WHO, 2015;

Marselle et al., 2021; WHO, 2021). It is perhaps reassuring that

Davison et al. (2021) found that the potential human health impacts

of marine species loss was one of the issues the European public

were most concerned about (after marine plastics), and that the
TABLE 3 Mediation analysis predicting support for research into marine
species protection via concern for marine species loss.

Predictor variables Estimate (95% CI)

Age (18 to 99)

Direct effect 0.04 (0.02, 0.07)***

Indirect effect 0.09 (0.08, 0.11)***

Total effect 0.13 (0.11, 0.16)***

Gender: women (vs. men)

Direct effect 0.06 (0.02, 0.09)**

Indirect effect 0.09 (0.07, 0.11)***

Total effect 0.14 (0.11, 0.18)***

Education: degree (vs. no degree)

Direct effect -0.04 (-0.07, 0.00)*

Indirect effect -0.02 (-0.04, 0.00)

Total effect -0.06 (-0.10, -0.02)**

Income: low (vs. middle)

Direct effect 0.003 (-0.04, 0.05)

Indirect effect 0.05 (0.03, 0.08)***

Total effect 0.06 (0.004, 0.11)*

Employment: student (vs. full time)

Direct effect 0.09 (0.01, 0.17)*

Indirect effect 0.01 (-0.04, 0.06)

Total effect 0.10 (0.01, 0.19)*

Political orientation (centre vs. left)

Direct effect -0.07 (-0.11, -0.02)**

Indirect effect -0.07 (-0.12, -0.03)**

Total effect -0.14 (-0.21, -0.07)***

Political orientation (right vs. left)

Direct effect -0.11 (-0.18, -0.05)***

Indirect effect -0.14 (-0.21, -0.06)***

Total effect -0.25 (-0.35, -0.16)***

Visit frequency: once a week or more (vs. less often)

Direct effect 0.03 (-0.02, 0.09)

Indirect effect 0.04 (0.01, 0.08)*

Total effect 0.08 (0.01, 0.15)*

Recreation activities: active (vs. none)

Direct effect 0.08 (0.03, 0.13)**

Indirect effect 0.10 (0.06, 0.13)***

Total effect 0.17 (0.11, 0.23)***

Recreation activities: passive (vs. none)

Direct effect 0.07 (0.02, 0.12)*

(Continued
TABLE 3 Continued

Predictor variables Estimate (95% CI)

Indirect effect 0.06 (0.03, 0.10)***

Total effect 0.13 (0.07, 0.19)***

Recreation activities: eating seafood (vs. none)

Direct effect 0.06 (0.02, 0.09)**

Indirect effect 0.06 (0.04, 0.09)***

Total effect 0.12 (0.08, 0.17)***

Personality: openness (1 to 5)

Direct effect 0.03 (0.01, 0.05)***

Indirect effect 0.04 (0.03, 0.06)***

Total effect 0.08 (0.05, 0.10)***

Personality: conscientiousness (1 to 5)

Direct effect 0.01 (-0.01, 0.03)

Indirect effect 0.03 (0.01, 0.04)***

Total effect 0.03 (0.01, 0.06)***

Personality: agreeableness (1 to 5)

Direct effect 0.03 (0.01, 0.05)**

Indirect effect 0.02 (0.002, 0.03)*

Total effect 0.05 (0.02, 0.07)***
*** p < 0.001, **p < 0.01, *p < 0.05. CI = confidence interval. Results based on 1000
simulations per model.
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implications for human health of marine species protection was

ranked as the most important area for further research.

In this context, our research built upon these findings by

investigating which individuals express higher/lower levels of

concern for marine species loss and support for research into

marine species protection. These results can aid policy makers to

better understand the likely public reception of new policies, as well

as inform communication experts and NGOs focused on protecting

the marine environment to create more tailored environmental

communications (Whitmarsh and Corner, 2017).
4.1 Individual-level predictors of health-
related marine biodiversity perceptions

Research question RQ1 sought to examine if there was country-

level variation in marine biodiversity perceptions. Plotting of

country-level random intercepts revealed that some countries (e.g.

Bulgaria) ranked high in terms of concern about, and support for

research into, marine species loss/protection, whilst others ranked

relatively low in comparison to other countries (e.g. the

Netherlands). These results emphasise that, as with climate

change perceptions research (Poortinga et al., 2019), health-

related perceptions of marine biodiversity do vary as a function of

country of residence when taking into consideration other

individual-level characteristics (i.e. socio-demographic and

political factors, marine contact/experience factors and

personality traits). These differences may be of interest to marine

policy makers across Europe and beyond.

The second RQ concerned which individual- leve l

characteristics (e.g. socio-demographic, marine contact/experience

and personality factors) predicted concern for the health impacts of

marine species loss (RQ2a) and support for research into the health

implications of marine species protection (RQ2b). We found that

education level and income were associated with both concern and

research support.

Somewhat surprisingly, having a degree (although we do not

know in which subject) was associated with both lower concern

over the loss of marine species and lower support for research

funding into marine species protection. This finding is contrary to

the Eurobarometer (2017) results which found those with higher

educational attainment were more concerned about the decline or

extinction of species and habitat in general (i.e. not marine specific)

and Gifford and Nilsson (2014) who also showed higher educational

attainment correlated positively with environmental concern.

Future surveys should compare public concern about marine

biodiversity loss with concern about biodiversity more generally,

with and without a focus on human health, in the same population,

to clarify these differences. Such work may be of particular interest

to the ocean literacy movement because they support the idea that

high levels of formal education are not required to appreciate and be

concerned about the issues.

Another key socio-demographic factor which was found to be

important was income, with a ‘lower’ income (in contrast to a

‘middle income’) associated with both more concern about loss of
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marine species and support for more research funding into marine

species protection. These results again contrast with (albeit dated)

findings on environmental concern generally (Franzen and

Meyer, 2010).

We also investigated the impact of variables centred on contact/

experience with the marine environment. It was theorised that

individuals who physically engaged with the coast/marine

environment more often (e.g. through visiting more often, living

by the coast, etc.) would be more exposed to the marine issues in

question and therefore have different attitudes towards the marine

issues than those who are less exposed (Gelcich et al., 2014; Strain

et al., 2019; Román et al., 2022). Consistent with this possibility,

coastal visit frequency was positively associated with both concern

over the health impacts of loss of marine species and support for

research funding investigating the health and wellbeing impacts of

marine species protection. This supports the findings of Gelcich

et al. (2014) who also found visit frequency to be associated with an

increased concern for the distribution of marine species. However,

no association was found between the coastal proximity of the

respondent home and either of the outcome variables.

Similarly, previous research has shown that those who engaged

in leisure activities near harbours (Strain et al., 2019) or surfing-

related activities (Román et al., 2022) were more concerned about

the harbour/beach environment respectively, than those who did

not. The current results also support these findings suggesting that

those who engaged in activities such as coastal walking (i.e. active

coastal recreation), sunbathing (i.e. passive coastal recreation), and

surfing (i.e. water sports), for instance, all had higher concern about

marine biodiversity loss compared to those who did not engage in

any coastal recreation, although no associations were found

between engagement in water sports and support for research

funding into marine species protection. These findings could be

examined further through an independent measures design in

which the health-related concerns and support of a control group

is compared with a group which have had their coastal leisure

activity increased. No association was found between engagement

in coastal swimming and health-related concern over marine

species loss and research support for marine species protection.

Openness, conscientiousness, and agreeableness were found to

be significant positive predictors of health-related concern for

marine species loss and support for research funding into marine

species protection, with those more open, conscientious and

agreeable personalities exhibiting more concern and support.

These findings fit with the suggestion of openness and

agreeableness in particular being linked to values which focus on

nature appreciation and care for others (Olver and Mooradian,

2003). Future survey work should examine these links between

personality traits, values and health-related concern and

research support.

These results suggest that engaging individuals who are low in

openness, conscientiousness and agreeableness may be particularly

important in communications surrounding marine biodiversity.

Soutter et al. (2020) meta-analysis also found openness to be

related to environmental concern; and they suggested that those

low in openness may be more reluctant to try new environmental
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practices, stating that “it may not be helpful to frame

environmentally friendly practices as novel but rather demonstrate

the extent to which they are already established; those on the lookout

for novel practices are already more likely to behave pro-

environmentally” (Soutter et al., 2020). Therefore, framing marine

biodiversity strategies as established may be more highly accepted

by those low in openness. This is only a hypothesis and would be for

future research to test experimentally by comparing the perceptions

before and after reading a novelty-framed communication.

The strongest predictor of research support for the protection

of marine species was, however, concern for loss of marine species.

This was perhaps to be expected, given Davison et al. (2021) found

concern for health-related impacts of marine plastic pollution to be

the largest predictor of support for health-related research into

the issue.

In response to RQ3, mediation analysis revealed two quite

different patterns emerged for two of our, perhaps most

interesting, findings. First, like coastal visits, the relationship

between income and support for research into marine biodiversity

loss was fully mediated by concern. This suggests the reason why

those on lower incomes wanted more research was because they

were more concerned. However, by contrast, the relationship

between educational attainment (having a degree or not) and

research preferences was not mediated by concern, reflecting the

lack of association between education and concern in the basic

regression model. Clearly, further research is needed to explore

these income and education related findings in more detail.
4.2 Future research and limitations

Substantial variation in the concern for marine species loss and

support for research into marine species protection were left

unexplained. Therefore, further research may wish to examine

other predictors of health-related marine species perceptions. This

paper’s purpose is to outline possible associations between

individual characteristics and concern for and support for

research into the health impacts of marine biodiversity loss and

protection found within our dataset. Although we have discussed

some potential hypotheses for these associations, we understand

that there are many other potential hypotheses and that it will be for

future work to draw these inferences from more causality-driven,

focused methods.

For instance, earlier work in the field of marine (Ressurreição

et al., 2012) and coastal (Martıń-López et al., 2007) biodiversity loss/

protection explored attitudes towards different taxa (e.g. marine

mammals, birds, invertebrates, algae etc.), rather than the more

generic ‘marine species’ investigated here. These studies found that

not only did protection motivations vary quite substantially across

different taxa (with mammals and birds generally valued higher

than invertebrates and plants), reactions to these different taxa

varied both across cultural groups (Martıń-López et al., 2007) and

different country case study sites (Ressurreição et al., 2012). For

instance, motives for biodiversity protection ranged from utilitarian

potential (local residents), scientific rarity (environmentalists) and
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affective considerations (visitors; Martıń-López et al., 2007), and

certain communities (e.g. resident of the Isles of Scilly) rated some

species (e.g. algae) higher than others (e.g. resident of the Azores or

Gdansk). Further, these studies also adopted contingent valuation

approaches (CVA) in order to determine participant’s Willingness

to Pay (WTP) for (hypothetical) protection measures which

enabled them to both explore different underlying values for

protection (including direct and indirect use values as well as

existence and bequest values) and provide monetary estimates of

value which might be relevant to policy and conservation

prioritisation. Despite these strengths, these and similar studies

also acknowledge that even species richness is only one aspect of

biodiversity, and that even less is known about public attitudes

towards issues such as genetic, ecosystem and functional diversity.

In sum, further work using large representative multi-country

surveys like our own might nevertheless explore marine

biodiversity issues in more depth by examining the reactions of

different social groups and country residents to different aspects of

biodiversity in more detail and/or by using alternative valuation

methods in future.

A further limitation with the current work is its focus on the

European public. Given that it is low- and middle- income countries

that are likely to be worst affected by biodiversity loss (Pauly et al.,

2005; Roxburgh et al., 2020; WHO, 2021), it will be vital to take into

consideration the thoughts of those in these countries going

forward, as well as those of specific societal groups (e.g. small-

scale fishers and fishing communities; Madarcos et al., 2021). Future

research could gather further public perceptions data using

representative and specifically targeted groups from nations

across Asia, South America and Africa to see if the associated

livelihoods that fishing provides influences perceptions of marine

biodiversity loss.

The current study also lacked a baseline of control measures

which established concern for, and support of research, into marine

biodiversity more generally, to compare to the concern and support

for research related to the human health implications of marine

biodiversity in particular. Therefore, it is unclear how much

concern and research support were driven by perceptions of the

wider ecological issue, versus human health specifically.

It might also be beneficial to adopt qualitative methods to

gather more in-depth data on perceptions of the health impacts

of marine biodiversity (e.g. using a Mental Models Approach;

Morgan et al., 2002; Boase et al., 2019). For example, it would be

useful for future research to understand if marine biodiversity is

perceived differently between Bulgarian respondents (who

supported research into marine species protection the most) and

respondents from the Netherlands (who supported research into

marine species protection the least). Sea-basin differences could be

investigated by collecting specific addresses or greater details about

the nearest coastline for each respondent, and/or conducting more

in-depth interviews into people’s lived experiences of different

coastal settings.

Additionally, unlike other multi-country surveys (e.g. ESS,

Eurobarometer), although samples were representative on age,

gender and region within country, the sample was not fully
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representative, therefore caution should be taken when inferring

findings about specific countries from the current sample. The

present survey was also designed to get an initial broad overview

of public perceptions relating to the potential health implications

of the marine environment and the predictors of such perceptions.

We are therefore unable to infer causality from our findings, a

limitation associated with cross-sectional survey methodology

in general.

Finally, we also recognise that the data were collected before the

Covid-19 pandemic and that concern about environmental issues,

including (marine) biodiversity loss may have decreased since this

data were collected, given the ‘limited pool of worry’ hypothesis

which suggests people may reduce environmental concerns in the

face other more pressing issues. Despite this possibility, a repeat

cross-sectional study with samples in Canada, Norway and Scotland

in Oct/Nov 2019 (Pre-pandemic) and May 2020 (during the

pandemic) found relatively little change in people’s trade-off

preferences in the relative importance of a range of marine

related issues including health of commercial fish stocks, density

of marine litter, and size of marine protected areas over the two time

points (Hynes et al., 2021). More broadly, a longitudinal study in

the UK, also suggests that the Covid-19 pandemic did not reduce

concern about climate change and people believed that climate

change was ultimately a greater threat than the pandemic (Evensen

et al., 2021). In short, there is good reason to believe that current

pre-pandemic data is still relevant today.
5 Conclusions

This paper explored the effect of individual-level characteristics

in predicting concern over the human health impacts of marine

species loss and support for research into the health implications of

marine species protection. Some of our findings were consistent

with other environmental issues. For instance, females and those on

the political left showed more concern and greater support for

research into how to protect marine biodiversity. Perhaps more

interestingly, people with lower incomes and those without a degree

also showed more concern than those on higher incomes and those

with a degree suggesting that ocean connectedness and possibly

ocean literacy are not the preserve of richer more educated

individuals. Moreover, the consistent findings in relation to

personality factors and systematic differences across country alert

communicators aiming to increase awareness, concern and support

for marine protection research/measures to the need to design

tailored messages to different audiences.
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