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A B S T R A C T

Marinas have a major ecological footprint, not only because of the pollution they generate but also because of the
introduction and spread of non-indigenous species (NIS). This invites us to reconsider both the practices and in-
frastructures of marinas but also their uses and users, as marinas are increasingly recognized as places of well-
being. The twofold objective of this article is to analyze the public's perception of environmental and ecological
degradation in marinas and to assess the willingness to pay to improve their environmental quality. We con-
ducted a field survey among residents and boaters of four marinas in France and showed that both have a rela-
tively low knowledge of NIS, as well as of the responsibility of the boating activity for their spread. Other envi-
ronmental degradations, such as the pollution generated by boats, are better identified and many agree on the
positive economic impact of marinas. We showed a high willingness to pay to improve the environmental quality
of marinas and on this basis make recommendations on how to encourage support for reducing environmental
degradation. In particular, we discuss the appropriation of marinas by a wider population, including residents,
young people and women. The challenge is for marinas to become multifunctional spaces, with the extension of
their uses to a wider range of users going hand in hand with an improvement in their environmental quality.

1. Introduction

Marinas are a major and growing component of the coastal urban-
ization [1]. Like other marine infrastructure, they have a large ecologi-
cal footprint leading to significant ecological and evolutionary impacts
on marine biodiversity and ecosystems [2–5]. For example, harbor con-
struction, which is increasing [1], leads to the fragmentation and de-
struction of natural habitats [6], which in turn alters the connectivity of
marine populations [3]. Compared to natural habitats, marinas have
also unique environmental characteristics, with a number of stressors
such as noise pollution [7] or chemical pollution [8]. In addition, these
artificial habitats, which are novel ones for marine species, exhibit pe-
culiar biotic properties, such as a high abundance of non-indigenous
species (NIS) [9–11], which are also key drivers of biodiversity change
[12]. As the primary vector for the introduction and spread of NIS is
ship fouling (i.e. species attached or associated with the ships’ hull)

[13], the incidence of NIS is increasing with the development of new in-
frastructure and shipping traffic and sailing [1,14,15]. It is also note-
worthy that, in parallel with the negative ecological footprint men-
tioned above, marinas are also increasingly considered as potential
habitats to contribute to the restoration of fish populations, particularly
through the use of marinas as nurseries for local native fishes [16,17].
Marinas may thus be perceived both as degraded environments or
refugees for some (overexploited) species. They are also viewed as
recreational and economically attractive spaces, and are increasingly
perceived as places of well-being in urban coastal areas [18–20], re-
flecting a demand for improving their environmental quality [21]. Fac-
ing these diverse facets of marinas, there is a growing attention in im-
plementing eco-engineering designs and regulations for mitigating the
impact of the abiotic and biotic stressors (including the aim to minimize
the risk of NIS establishment), increasing their benefits (e.g., nurseries
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grounds for fishes) and promoting more “environmentally-friendly” in-
frastructures [22–24].

Despite the burgeoning research on ecological impacts of ports [22,
24] and the increasing number of articles on public perceptions of the
marine environment [e.g., 25–27,20], there are still few studies analyz-
ing willingness to pay (WTP) for improving environmental quality and/
or decreasing the environmental footprint of marinas. From a public
policy perspective, however, it is essential to know to what extent the
environmental quality of marinas is valued. The monetary valuation lit-
erature mainly focused on marine protected areas [e.g. 28–32], wetland
restoration [33–35] or water quality improvement [20,21,36,37], but
in all cases, WTP were assessed to improve natural or recreational areas
perceived as unique or threatened ecosystems. In contrast, marinas are
highly entropized and degraded areas, which may explain why conser-
vation or nature protection issues have received less public/research/
stakeholders attention. To our knowledge, two studies assessed WTP fo-
cusing on marinas. The first assessed preferences for the development
of a marina and marine leisure activities in South Korea [38]. However,
the approach focused only on the positive aspects of marinas and the
WTP valued is for benefiting from a new recreational space rather than
for limiting a potential nuisance. The second assessed WTP to promote
the use of renewable energy and waste management in ports, but did
not look at valuing environmental improvements by limiting environ-
mental degradation or NIS [31]. Although not focused on marinas, [39]
assessed the WTP of residents and tourists for either the eradication or
prevention of NIS in a protected area located on the Doñana National
Park in Spain. The authors showed that WTP increased with the level of
knowledge about NIS. Complementing this work, [37] assessed WTP for
limiting the impact of NIS on the conservation of fish species diversity
and showed low WTP of the public, in the order of €3.7 per capita.

In this work, we aimed at examining the perceptions and WTP for
environmental quality improvements in marinas, including their eco-
logical footprint through biosecurity measures on NIS. As perceptions
and WTP are likely to vary according to current or potential users of
marinas, the survey focused on users of marinas (sailboat, motorboat)
and residents in the vicinity of these marinas. We surveyed 236 resi-
dents and 401 boat owners in four marinas in mainland France in spring
2022. In order to examine the factors influencing perceptions and pref-
erences, we selected marinas in two very distinct regions (with their
own culture, habits and heritage and different marine ecosystems and
environments), namely the Atlantic and the Mediterranean coasts. Mo-
tivated by the finding of [40] that sensitivity to biosecurity measures
for NIS would be lower in ports combining recreational boating and
maritime trade, we selected two separate marinas in each of the two re-
gions. One marina was dedicated solely to recreational boating while
the other was located near ports that combine other maritime activities,
including commercial and fishing activities and, for one of them, mili-
tary activities. Although we focused on distinguishing between the per-
ceptions and WTP of residents and boat owners, we were careful to bal-
ance motorboat owners and sailboat owners because of their different
navigation and boat maintenance practices and environmental sensitiv-
ities [41]. Complementing this later companion paper, which provided
an in-depth analysis of public perceptions based on a dedicated ques-
tionnaire (see Supplementary Material), the main contribution of this
study is to analyze public perceptions and preferences based on WTP
and their main determinants. We highlight the level of awareness and
demand to limit the environmental degradation caused by marinas,
which leads us to discuss the place of marinas in coastal areas and to
question their uses and users.

2. Methods

2.1. Sampling plan and survey protocol

The survey was carried out in four marinas in mainland France
(Brest, La Trinité-sur-mer, Port Camargue and Sète). In order to explore
recurrences based on structuring variables that may influence percep-
tions and WTP, the choice of these marinas was motivated by their con-
trasting geographical situations (Atlantic versus Mediterranean coasts)
and by their activities. The aim was to obtain a sub-set illustrative of the
diversity of French marinas, not only in terms of the range of direct uses
to which they are put, but also in terms of their distinct socio-cultural
environment and the way in which they are appropriated by nearby res-
idents. La Trinité-sur-Mer in the Atlantic and Port Camargue in the
Mediterranean are two specialized marinas, while Brest in the Atlantic
and Sète in the Mediterranean are also commercial ports. Brest has a
military harbor as well. Brest and Sète are bordered by large neighbor-
ing municipalities with a high proportion of primary residences (90 %
and 71 % respectively) whereas La Trinité-sur-Mer and Port Camargue
are characterized by a high proportion of secondary residences (82 %
in Port Camargue and 70 % in La Trinité-sur-Mer).

With regard to the representativeness of the sample, the survey de-
sign was based on separate criteria for residents and recreational
boaters. For the residents, we were careful to balance the gender of the
respondents and the age groups. Age and gender are critical issues in
the provision of public goods and environmental preservation in partic-
ular, where women and young people have been shown to contribute
more [16,42]. This distinction could not be realized for boaters, whose
reference population is mostly composed of men, often over 60 years
old. However, we did ensure that the proportion of sailing boats and
motorboats was representative, bearing in mind that the reference pro-
portion in the four ports is 65 % of sailboats. Indeed, following inter-
views prior to the survey, stakeholders (port managers and yachting as-
sociations) pointed to different behaviors between the two groups of
boaters, with different maritime practices (duration of cruises, links be-
tween ports, etc.) but also more pronounced pro-environmental behav-
iors among sailboat owners.

2.2. The survey

Although the surveys for residents and recreational boaters were
slightly different, they had the same structure and shared a majority of
common questions. The survey was organized into five modules (Table

Table 1
Survey modules and number of questions per module and respondent cate-
gories.
Thematic modules Number of questions

Common
to both

Specific to
residents

Specific
to boaters

Perception of the relationship between the city
and the marina (economic perception,
degree of artificialization, frequency and
reason for using the marina)

5 6 -

Perception of the positive and negative
impacts of marinas on the environment

3 - -

Perception of NIS (level of knowledge, mode of
introduction and impact of boating on NIS
spread)

10 - -

Willingness to pay module (presentation of the
scenario, WTP amount, motivations for
payment and non-payment)

3 2

Socio-demographic profile 10 - -
Boaters' practices (frequency of careening,

types of activities and outings, good
ecological practices)

- - 34
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1), with an additional module devoted to recreational boaters alone in
order to gain a better understanding of their practices.

The first three modules were dedicated to identifying respondents'
perceptions and knowledge of the relationship between the city and the
marina, the impacts of marinas on the environment and of NIS in partic-
ular. This was followed by a module assessing the respondents' willing-
ness to pay, and a module providing information on their socio-
demographic characteristics. In order to gain a better understanding of
the boaters' practices, a specific module was submitted to them immedi-
ately after the assessment of their perceptions.

In the survey we used the French translation of the English term
‘non-local species’ rather than ‘non-indigenous species’, which is easier
to understand and less technical in French. Furthermore, in order to
study preferences for improving the environmental quality of marinas,
we asked several questions aimed at understanding the environmental
sensitivity of the respondents and used the synthetic metric of [43] to
assess respondents’ sensitivity to nature. This measure, widely used in
the literature, is based on a figurative representation of the relative
weight that the respondent gives to nature, and provides a synthetic,
simple and global measure of this sensitivity. It thus avoids the criti-
cisms levelled at measures such as the New Ecological Paradigm (NEP)
proposed by [44], which were criticized for providing an incomplete
and biased measure of this sensitivity.

The willingness-to-pay scenario was included at the end of the ques-
tionnaire in order to ensure that the respondents were informed and
aware of the environmental issues that marinas pose. It was formulated
as follows: "There has been an improvement in the environmental manage-
ment of marinas with, for example, the development of numerous labels such
as Clean Port, Biodiversity-Active Port, Blue Flag, etc. These environmental
operations are costly and require additional staff. Subsidies are often
granted but for short periods and usually on an experimental basis, for ex-
ample for the development of protocols. In order to implement effective envi-
ronmental conservation policies, marina funds therefore need to be sustain-
ably financed by contributions from boaters and residents”. A non-linear
scale allowed for the choice of an annual WTP level ranging from €0 to
€250 or more (open answer) with the proposal that the corresponding
budget be managed by the municipality in association with the port au-
thority. The precise question was: "Would you personally be willing to
make an annual contribution to a specific budget that would be managed in
collaboration between the municipality and the port? If you are in favor, we
offer you a graduated list of amounts within which you can freely choose the
level of your contribution. How much would you be willing to contribute for
your household?”

After thorough testing of the questionnaire, the survey was carried
out from May to July 2022 face-to-face for residents (randomly selected
from the street) and in a mixed way for boaters, with 146 people face-
to-face and 255 online. The survey took an average of 10 min for resi-
dents and 20 min for boaters. Due to low presence of boaters in May,
and partly because of Covid restrictions, it was more difficult to survey
boaters on site, so the survey was also conducted online via boating as-
sociations and posters (with QR codes) in harbor master's offices.1

2.3. Synthetic indices on NIS

In order to analyze the respondents' perceptions of NIS we con-
structed two synthetic indices. The first is an index of NIS knowledge
and is rated on a 0–3 scale. The index was constructed by aggregating
the values given by the respondents to three questions: the knowledge
of the NIS notion (0, 0.5, 1), the responsibility attributed to recreational
boating in the dispersion of NIS (0, 0.5, 1) and the responsibility attrib-
uted to marinas as a recipient habitat and hub for introduction of NIS

1 Previous work find that mixed-mode surveys are an efficient and satisfac-
tory way to increase the sample size and representativeness of a survey [42,45,
46].

(0, 0.5, 1). The second index measured respondents’ awareness of the
responsibility of recreational boating on NIS establishment and spread.
It was also measured on a 0–3 scale and was obtained by aggregating
the values given by respondents to three questions: the responsibility
attributed to (i) marinas in the establishment of NIS (0, 1), (ii) the bio-
fouling on the hulls of ships in their spread within marinas (0, 1) and
(iii) the long-distance navigation in their spread between marinas (0,
1).

2.4. Descriptive statistics, sub-sample comparison tests and econometric
modelling of WTP

For NIS perceptions and observed willingness-to-pay, the descrip-
tive statistics provided depend on the quantitative or qualitative char-
acteristics of variables under consideration. The main statistical de-
scriptors are the percentage and the mean. For NIS perceptions and in-
dices, proportion comparison tests across various sub-sample (i.e., Resi-
dents vs Boaters, Sail-Boaters vs Motor-boaters, Male vs Female, etc.)
were performed. With the validity conditions verified, we used a para-
metric proportion comparison test between two independent sub-
samples; the statistic of the test for the difference in proportion (U) fol-
lows a standard normal distribution, (U N (0,1)).

After assessing the number of protest answers and excluding them
from the sample, we used the model of [33] and proceeded in two steps
in order to analyze willingness to pay. First, we estimated the probabil-
ity of having a positive WTP (dichotomous probit, taking the value 1 if
the individual agrees to contribute, 0 otherwise) and estimated second,
the amounts of strictly positive WTP (simple linear regression - ordi-
nary least squares - on the logarithm of the WTP). This enabled us to
identify the factors that determine choices at each step. For the compar-
ison of average WTP across sub-samples, as the normal distribution con-
ditions were not met, we used non-parametric Mann-Whitney U-tests.

3. Results

3.1. Characteristics of the sample and behaviors of boaters

Table 2 shows the main characteristics of the sample, with a rela-
tively even distribution between marinas, revealing a slight over-
representation of respondents over 45 and a predominance of sailboat
owners among the recreational boaters.

Specific questions on boaters' practices were asked to characterize
their behavior. It shows that 47 % of boaters declared that they go out
very often (compared to 24 % a few times and 18 % only at weekends)
and sometimes dock in other ports (53 % compared to 27 % often and
20 % never). Although the frequency of outings is fairly even between
sailing boats and motorboats, sailing boats dock more often in other
ports (34 % of them against only 12 % of motorboats). The majority of
boaters regularly careen once a year (78 %), with no difference be-
tween sailboats and motorboats. Among them, 22 % of boaters do in-
water hull cleaning, despite this practice is prohibited notably for the
risk it entails for the environment.

3.2. Perceptions of marinas

When asked about their overall perception of the role and impacts of
marinas (Table 3), the positive economic impacts are predominant for
both residents and boaters. The negative impacts are mainly related to
pollution, while the putative positive ecological impact is only margin-
ally perceived (3 % for residents and 4 % for recreational boaters).

Residents and boaters share a relatively similar assessment of the
negative environmental impacts of marinas. As Fig. 1 shows, the main
negative impact perceived (by far) is pollution, followed to a lesser ex-
tent by marine infrastructure. Negative impact of NIS is perceived as
marginal.

3
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Table 2
Sampled population in each site.

Residents Boaters

Total %
men

%>45 years
old

Total %
online

% sailboat
owners

Port
Camargue

66 48 % 68 % 154 41 % 51 %

Sète 54 46 % 56 % 86 77 % 74 %
Brest 60 48 % 50 % 108 93 % 63 %
La Trinité 56 52 % 54 % 53 47 % 77 %
Total 236 49 % 57 % 401 64 % 63 %

Table 3
Perceptions of the impact of ports on coastal areas per respondent categories.

Residents Boaters

Positive economic impact (attractiveness and job creation) 61 % 67 %
Negative economic impact (cost of maintaining infrastructure) 2 % 6 %
Negative ecological impact (mainly pollution from boats) 32 % 21 %
Positive ecological impact (creation of new ecological habitats) 3 % 4 %
Others 1 % 2 %

Note: One choice only. Respondents were asked to select the main impact of
marinas (from a set of positive and negative impact categories)

We observe in Fig. 2 that 30 % of respondents (both residents and
boaters) believe that marinas do not have any positive impact on the
environment. Of the remaining 70 % attributing at least one positive
environmental impact to marinas: 40 % of residents assign marinas the
status of observation and research areas, while around 45 % of boaters
assign marinas either refuge or nursery status. Note that the positive
role of marinas and ports as a refuge or nursery is scientifically contro-
versial, because the methods used can lead to an increase in NIS estab-
lishment [47] or a decrease of the diversity of fish assemblages at re-
gional scale [48]. We however introduced it because many ecological
projects in France aim to build supports on port infrastructure for this
purpose, and we found it useful to measure public perception on this
subject.

3.3. NIS perceptions

On a scale of 0–10 (questions C7 and D7 of the questionnaire, see
Supplementary Material), residents and recreational boaters have on
average similar perceptions of the role of marinas in introducing NIS
(average of 4.5), with a greater sensitivity from owner of sailing boats
(between 6 and 10). On a scale of 0–10 (questions D5 and D7 of the
questionnaire), the role of recreational boat traffic in introducing NIS
shows more contrasting results, with an average score of 4.9 for resi-
dents and 3.7 for recreational boaters. Here again, sailboats score pro-
portionately higher than motorboats.

The perceptions on the main factors of NIS introduction (Table 4)
and spread (Table 5) are, however, distinct between residents and
boaters. The latter attach more importance to ballast water while resi-
dents more often mention more secondary or controversial processes,
such as currents and storms -as discussed by [49] with tsunami-driven
long-distance species transports-, or the impact of aquaculture. In addi-
tion, boaters are more aware of the role of long-distance shipping in the
spread of NIS.

Confirming the findings of [46] on the relative unawareness of
French boaters on a European scale, half of the boaters have a low level
of knowledge of NIS, especially motorboat users (Table 6). Similarly,
the level of knowledge of residents is overall low to medium. On the
other hand, more than half of the boaters attribute a medium to high re-
sponsibility for the proliferation of NIS to their activity (responsibility
index). Residents underestimate this responsibility, with 34 % of them
attributing low responsibility and 43 % of them attributing medium re-
sponsibility to boating activities.

3.4. Willingness to pay

Sixteen respondents did not answer the WTP question, resulting in a
sample of 621 observations. Among them, a substantial number of re-
spondents (49.3 %) opted for a zero contribution. However, analysis of
the reasons for non-payment revealed that these were mostly “false” ze-
ros” or “protest answers” (41.7 %). Rather than a lack of interest or
willing to pay in improving the environmental quality of marinas, these
respondents explained their non-contribution choices by secondary ar-
guments: “I already contribute” (22 %); “It is not my responsibility to pay”
(24 %); “The proposed policy is not appropriate” (6 %); “The money might
be used for something else and I don't trust it“ (22 %). These reasons are
akin to the protest answers observed by [20] concerning the improve-
ment of the quality of coastal areas. Although instructive for decision-
makers, these answers provide no information on the value that respon-
dents place on the environmental quality of marinas, and on the
amount they would be willing to pay to achieve it, but on the reasons
external to this cause (problems of trust, implementation, payment
terms) that justify their rejection.2 Excluding them from the sample re-
duces the percentage of respondents with a zero WTP to 7.6 % (13 %
for residents and 4 % for boaters). The average amounts of willingness
to pay (Table 7) are slightly lower for residents (€29) than for recre-
ational boaters (€34), with an important difference between sailing
boats (€37) and motor boats (€29).

The econometric treatment of WTP makes it possible to identify the
variables that determine, on the one hand, the fact of agreeing to con-
tribute (Table 8) and, on the other hand, the level of the contribution
(Table 9). All structuring and perception variables were tested, taking
care to avoid correlations. The list of 31 perception and behavior vari-
ables and 11 socio-demographic variables that were introduced into the
WTP modeling is provided in Supplementary Material. The probit
model is globally valid as shown by the p-value associated with the like-
lihood ratio test (p-value <0.0001) (Table 8). We observe that four
principal variables influence the probability of contributing, namely
age, income, having made a donation to an environmental organization
and belief that NIS have an impact on the marine environment, this lat-
ter predictor being assessed on a scale from 0–10 (see question C7 in
Supplementary Material). In particular, being over 60 years old in-
creases the probability of paying, which is also more frequent for the
higher incomes (€3000 to €7500) and for those who have made dona-
tions to environmental organizations. Finally, people who think that
NIS have a strong impact on the marine environment have a higher
probability of having a positive WTP.

The model for the assessment of the level of the WTP values pre-
sented in Table 9 is also globally significant (p-value<0.0001) with an
adjusted R² of 0.16. All variables were tested and only those that were
significant at the 10 % level were retained. These explanatory variables
are more numerous for the level of contribution than for the probability
of a positive contribution. Among the common variables, relation to na-
ture (measured by the scale of [43]), having made a donation to an en-
vironmental association and the level of knowledge of NIS also have a
positive effect on contribution levels. In addition, gender and level of
education (measured by the number of years of post-secondary educa-
tion) are determining factors, with relatively higher contributions for
men and for educated respondents. Conversely, having a positive envi-
ronmental perception of marinas in terms of their role as refugees or as
nurseries for local native fishes (i.e., larval capture and juvenile devel-
opment) has a negative effect on the level of WTP. It is as if this positive
environmental perception undermined their motivation to contribute.

2 We invite readers to refer to the seminal works of [50] or [51] on the ques-
tion of protest answers, their determinants and treatment.
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Fig. 1. Negative perceptions of the impact of marinas on the environment. Note. One choice only: Respondents selected what they see as the main negative im-
pact.

Fig. 2. Positive perceptions of the impact of marinas on the environment. Note. One choice only: Respondents selected what they see as the main positive im-
pact.

Table 4
Perceptions of introduction vectors for NIS.

Proportion comparison test (H0
: Equal proportion)

Residents Boaters p-value

Biofouling (organism
attached) on boat hulls

39 % 35 % 0.2459

Ballast water release 20 % 37 % 0.0000
Currents and storms 19 % 9 % 0.0010
Use of non-local species for

aquaculture
14 % 6 % 0.0029

Accidental releases from
aquariums

6 % 9 % 0.1391

Others 2 % 4 % 0.1632

Note. Respondents selected only what they consider to be the main introduction
vector (only one choice possible)

4. Discussion

4.1. High WTP, quality of life and socio-demographic profiles

The high average level of the WTP (32 euros) and the low propor-
tion of respondents who were not willing to contribute (7.6 %) show a

Table 5
Perceptions of factors responsible for the spread of NIS.

Proportion comparison test (H0 : Equal
proportion)

Residents Boaters p-value

Long-distance
navigation

33 % 44 % 0.0064

Water temperature 28 % 27 % 0.3934
Non-regularity of

fairings
15 % 17 % 0.3267

Type of boat (motor or
sail)

13 % 4 % 0.0002

Number of outings 11 % 4 % 0.0050
Others 1 % 4 % 0.0060

Note. Respondents selected only what they consider to be the main factor re-
sponsible for the spread of NIS (only one choice possible)

strong commitment to improving the environmental quality of marinas.
Echoing recent findings on the positive perceptions of coastal environ-
ments including ports [52–54,41], this high WTP confirms the place of
marinas as specific urban coastal environments widely valued for their
contribution to recreation, landscape and quality of life. In this perspec-
tive, the high WTP would be explained both by a strict environmental
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Table 6
Knowledge and Responsibility NIS Indices.

Proportion
comparison test
(H0 : Equal
proportion)

Proportion
comparison test
(H0 : Equal
proportion)

Residents Boaters p-value Sail Motor p-value

Knowledge index
Low (up

to 1)
45 % 51 % 0.1468 46 % 62 % 0.0038

Medium
(1.5)

22 % 18 % 0.2048 20 % 15 % 0.2178

High
(from 2
to 3)

33 % 31 % 0.3501 34 % 23 % 0.0189

Responsibility index
Low (0) 34 % 26 % 0.0433 26 % 26 % 0.3989

Medium
(1)

43 % 49 % 0.1656 47 % 53 % 0.2107

High (2
and 3)

23 % 25 % 0.3053 27 % 21 % 0.1620

Table 7
Observed willingness to pay from boaters and residents.

Boaters Residents All

Average Sail Motor

Zero willingness to pay (in %) 4.4 3.1 7.1 12.7 7.6
Average willingness to pay per

household (in €)
34.4 37.3 29.0 28.8 32.3

Table 8
Estimates on the probability of having a positive WTP (Step 1 - Probit model).
Variables Coef. Pr>Chi²

Age (Reference: –40,60 years old) 0.0071***

Less than 40 years old -0.3877 0.0017***

More than 60 years old 0.1873 0.0986*
Income (Reference: >€7500) 0.0008***

€1000 to €2000 -0.4789 0.0063***

€2000 to €3000 -0.4745 0.0016***

€3000 to €5000 0.2409 0.1718
€5000 to €7500 0.5284 0.0885*
Donations (Reference: Yes)
No -0.1714 0.0516*
Impact on the marine environment 0.0957 0.0150**

Intercept 1.0214 <0.0001***

LRT (Prob > Chi²) <0.0001***

Pseudo-R² 0.1482
⁎ weakly significant (10 %).

⁎⁎ significant (5 %).
⁎⁎⁎ highly significant (1 %)

objective and by a more hedonic one, aimed at increasing the benefits
of marinas for users and residents.

However, both the probability to contribute and the level of contri-
bution are not evenly distributed among respondents. Probability and
level of contribution are higher for relatively old respondents with high
levels of education and income, in particular the over-60 age group.
This age effect confirms the results of [55] but contradicts many articles
in the literature that show a greater sensitivity of young people to envi-
ronmental issues, including applications to coastal areas, such as [27]
and [56]. This could be explained by a stronger appropriation of mari-
nas by older and higher income generations, who use them more and
for longer. As suggested by several authors including [57–59] or [60],
this sense of appropriation could indeed be responsible for the motiva-
tion to preserve the environment. In our case study, this sense of appro-
priation would counterbalance the effect of age. As for the correlations

Table 9
Estimates on WTP levels – (Step2 – ln WTP).
Variables Coef. Pr > t

Gender (Ref. Female) 0.3644 <0.0001***

Number of years of post-secondary education 0.0816 <0.0001***

Relation to nature 0.0646 0.0014***

Donations (environnemental associations) (Ref. No) 0.1732 0.0017***

Knowledge index 0.0576 0.0887*
Infrastructure improving the capture of larvae and young

fisha (Ref. No)
-0.1476 0.0380**

Intercept 2.3703 <0.0001***

Prob > F
R-squared
Adj R-squared

<0.0001***

0.1737
0.1649

a Note that the positive, albeit controversial, role of marinas as a nursery or a
refuge for fishes has a negative impact on WTP levels, meaning that respondents
who defend this positive impact also have lower WTP.

⁎ weakly significant (10 %).
⁎⁎ significant (5 %).

⁎⁎⁎ highly significant (1 %)

between environmental preservation and both income and education
levels, these relationships are well documented [e.g. 61,62,36,63]. It
should be noted, however, that the intensity of the relationship with ed-
ucation levels is high, with each additional year of education increasing
WTP by 8.5 %.

In addition to the importance of socio-demographic profiles, we also
find that those who are more environmentally aware have a higher
propensity to contribute. In particular, WTP is higher the more respon-
dents are willing to donate to environmental organizations and the
more they believe that NIS have a strong impact on the marine environ-
ment. This positive relationship between environmental sensitivity and
WTP is expected and frequently observed in the literature [e.g. 64,26].
More specifically concerning port areas, [22] note a positive correlation
between frequentation, type of activity and length of residence in the
vicinity of the port, on the one hand, with knowledge of the port envi-
ronment and, on the other, with acceptance of public funding, through
taxes, for ecological engineering works in favor of ports. In this logic,
high WTP would then be explained by a sensitivity to the environment
and the amenities offered by marinas, both of which being amplified by
the use and appropriation of marinas in the long run. In contrast, but
consistent with this line of argument, boaters who see marinas as
refugees and nurseries for fishes are less willing to pay for marinas' en-
vironmental quality. This can be explained in two ways. The first is that
these respondents have a positive view of the environmental impact of
marinas, and that it is not necessary to pay to improve it more. The sec-
ond is that these respondents do not value the environmental quality of
marinas, and justify their choice not to pay by the controversial asser-
tion that marinas have positive environmental virtues.

4.2. An unusual gender effect

While the literature in experimental economics generally shows that
women are more sensitive to the provision of public goods and to envi-
ronmental protection in particular [27,55,63,65], we obtained radi-
cally opposite results with much higher contributions from men
(+44 %, this value is obtained from the coefficient associated to the
gender dummy variable (Table 9) by the following computation: 100.
[exp(0.3644)-1]). Because of the relative importance of men in the
boating population - which is a widely shared characteristic within
boating [21,66] - we performed additional tests (non-parametric Mann-
Whitney U-tests) to check that the difference in WTP was not influenced
by this characteristic (see Supplementary Material). Women's willing-
ness to pay was significantly different (p-value <0.0001) from that of
men, even in the residents group. This confirms the gender effect in
WTP and highlights the singularity of marinas in terms of preference for
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environmental preservation. The WTP were €26.9 for women and €38.3
for men. The level of knowledge of environmental issues in marinas and
of NIS in particular does not explain this difference, with women having
a better knowledge of the impact of NIS than men (51% of men have a
low knowledge compared to 41 % of women3). On the other hand, the
low presence of women in nautical activities and more generally in port
activities, where they represent less than 2 % of jobs in France [67],
could explain this gender effect. As documented by [68], there is a his-
torical dominance of men in the marine world, whether as navigators or
fishermen, but also in maritime law. Because of this domination, mari-
nas are primarily a male object, which means that environmental
preservation in these places could be interpreted as the production of a
club good rather than a public good. Since women do not participate in
this club, they would have less interest in contributing to it. This is in
line with the findings of [69] or [70] on the influence of social and cul-
tural context in contributing to the preservation of ecosystem services.
The less directly involved one is, the less one contributes. To moderate
this point, if marinas are seen as men's clubs to which women have little
or no access, their level of contribution, although lower than that of
men, is relatively high. This corroborates a recent result by [71] show-
ing that women contribute significantly to non-local public facilities
from which they do not benefit. Echoing the point made earlier about
the place of harbors in urban coastal areas, this lower contribution of
women brings us back to the question of how marinas are used and by
whom. In order to preserve the environmental quality of marinas, but
also to make the most of the amenities they offer, we need to consider
broadening their uses and users, by including residents, particularly
women and young people [72]. This requires urban policies that open
these spaces to all and to multiple uses. It also requires participatory
governance and a diversification of the actors mobilized, especially in
terms of gender [73].

4.3. The role of environmental sensitivity and knowledge

Unsurprisingly, contribution levels are higher the closer respon-
dents feel to nature [43] and the more they donate to environmental as-
sociations. As suggested by [74,75] or [76], these correlations fall un-
der intrinsic motivations for nature. WTP is also positively correlated
with the NIS knowledge index and negatively correlated with the re-
spondent's attribution of marinas as having a positive impact on the de-
velopment of larval and juvenile fish, being viewed ad refugees and
nurseries for fishes. The respondents are therefore all the more willing
to give when it comes to compensating for environmental damage
caused by human activity and if this activity also has a positive impact
on the environment, they deduct the amount of this impact from their
contribution. The impact of the respondents' level of knowledge on
their WTP has been widely highlighted in the literature, including with
regard to the establishment of marine protected areas [32,61] or lagoon
preservation [77,78]. One reason suggested is that the level of knowl-
edge is correlated with the level of attendance and use [61]. Respon-
dents with higher knowledge of environmental damage would there-
fore have a greater interest in contributing to limit it. Conversely, we
show that knowledge of the positive environmental impact of marinas -
in this case, their role as nurseries - have a negative effect on the WTP.
This could be explained by the fact that it would justify the pointless-
ness of paying to limit a nuisance that is not really or totally a nuisance.
If this result is original, the behavior of these respondents is no less un-
founded in the present case, since as shown by [47], this nursery role
would be more particularly beneficial to the establishment and prolifer-
ation of NIS than to native species.

3 The corresponding proportion comparison tests are provided in Appendix 2.

5. Conclusion

In addition to the ambivalence and diversity of perceptions of mari-
nas, this work showed that there is a strong and widely shared will to
contribute to the improvement of the environmental management of
marinas. Despite that many ecological studies showed the increasing
prevalence of NIS in marinas and their impact on biodiversity [3,5,47,
79,80], we showed that knowledge of NIS and their impact, as well as
the responsibility of recreational boating for their establishment and
spread, remains low. Yet, the WTP for improving the ecological quality
of marinas is high. This is especially true as the respondents are older,
male, with higher levels of education and income. In other words, the
typical profile of people using marinas. Although they are less willing to
pay for these spaces, which are probably too often considered as club
goods, other socio-demographic profiles also have relatively high WTP,
especially when they are aware of the negative impact of marinas on
the environment. This suggests the need for greater awareness of envi-
ronmental issues related to these areas, but also for greater appropria-
tion of these areas by the population. As argued by [81,82] or [41] a
wide range of the population admits a positive view of ports especially
in the perspective of an urban coastal environment open to the sea. This
calls for the promotion of a multifunctionality of marinas which would
allow their appropriation. We see this multifunctionality as a way to en-
hance the WTP for an improvement of the environmental quality of
marinas but also to accompany their restructuring in the coastal urban
spaces.

The implications of this work for public policy are twofold. First, the
need for information campaigns on the issues related to NIS in the ma-
rine environment, but also on the boating practices that can limit their
impacts and spread. Awareness campaigns are currently entirely fo-
cused on water quality and it is critical to broaden their scope to in-
clude other environmental issues, including NIS. Complementing the
work of [60] on the impacts of cleaning practices, voyage duration and
boat size for the presence and spread of NIS, our work suggests that in-
formation campaigns would not only enable the appropriation of better
practices but also greater sensitivity among these key users. Second, the
opening up of marinas to other uses and other users, which will be ac-
companied by amenities but also by a greater acceptability of commit-
ting funds to improve environmental quality. The challenge is to
strengthen the knowledge and appropriation of marinas as specific and
multidimensional environments [52,53] in order to foster the commit-
ment of a wider population to limit their environmental impacts [83,
84]. These efforts should lead to the generalization of labelling policies
specific to the prevention and management of NIS, which are beginning
to develop not only for port areas, but also for other types of marine in-
frastructures [1] that accompany the recent boom in the blue economy
[85] that participates in the proliferation of NIS [47,86].
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Appendix 1. Non-parametric tests for comparison of WTP mean

We work on the WTP obtained in step 2. The proportions of true zeros are modeled at step 1. This explains why the results are slightly different
from those presented in Table 8 (Section 3.3). To find them again, simply multiply the WTP values in Table 11 by the share of non-zero WTP. Thus, at
the aggregate level, the share of null WTP is 7.6 %, so we have WTP= (1–0.076) * 34.9 = 32.2 €

A preliminary test of the normality of the distribution of WTP allowed us to reject the null hypothesis for normal distribution of WTP for all the
samples, and sub-samples. Therefore, we use non-parametric tests of comparison of means.

Table 10
Non-parametric tests for comparison of WTP mean
WTP (€) Samples

Whole Residents Boaters

Female
[n1]

26.9
[169]

27.3
[109]

26.1
[60]

Male
[n2]

38.3
[405]

39.4
[97]

38.0
[308]

Total
[n1+n2]

34.9
[574]

33.0
[206]

36.0
[368]

H0: WTP F = WTP M
[p-value]

No
[<0.0001]

No
[<0.0001]

No
[<0.0001]

Conclusion of the
tests

Women's willingness to pay is substantially different from that of men. This is true for the whole sample, as well as for the subsamples of residents and
boaters.

Appendix 2. Gender differences in NIS knowledge index

Table 11
Proportion comparison test in NIS Knowledge Index

Comparison test (H0 : Equal proportion)

Female Male U-Statistic p-value

Low Knowledge Index [Freq.] 41 % [70] 51 % [208] -2.19 0.0360
Medium Knowledge Index [Freq.] 21 % [36] 19 % [75] 0.75 0.3004
High Knowledge Index [Freq.] 37 % [63] 30 % [122] 1.64 0.1040
Sample size 169 405

Appendix A. Supporting information

Supplementary data associated with this article can be found in the online version at doi:10.1016/j.marpol.2024.106224.
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