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ABSTRACT 

Coral reefs provide a variety of ecosystem services to humans, but are also 

degrading due to human activities such as boat anchoring. Understanding why some 

boaters anchor on coral reef, even when environmentally-responsible alternatives are 

available, will lead to effective management with substantial environmental benefits. 

Anchoring on reef could occur intentionally, because boaters prioritize other 

considerations that outweigh any desire to not anchor on reef, or unintentionally, 

because they lack true awareness of the bottom type. We conducted structured 

interviews, informed by the Theory of Planned Behavior, with boaters in the British 

Virgin Islands to uncover the motivations and awareness underlying their anchoring 

behavior. Perceived awareness is rarely ground-truthed, so we also snorkeled to 

observe the bottom type where they anchored as a direct check of their interview 

response. All respondents displayed a strong aversion to anchoring on reef. The few 

boats we observed anchored on reef did so unintentionally due to a mismatch between 

their perceived and actual awareness of the bottom type. Because more anchoring 

leads to more unintentional anchoring on reef, using a mooring is a potential solution 

to this problem, so it is important to identify ways to increase the use of moorings. The 

decision to anchor rather than moor is multifaceted. Our results suggest that boaters 

who do not trust the moorings are safe to use, do not perceive moorings as easy to pre-

book, and prefer less-crowded areas are more likely to anchor. By increasing the 

proportion of boaters using a mooring, the number of boaters anchoring would 

decrease, and thus the amount of anchoring on reef would decrease as well. 
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• Anchoring on reef occurs because of a lack of actual awareness of the bottom 

type 

• Increased use of moorings instead of anchoring should reduce anchoring on 

reef 

• Increasing actual awareness of bottom type should reduce anchoring on reef 
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1. INTRODUCTION 

Coral reefs are part of a complex social-ecological system because humans rely 

on these ecosystems for services such as sustenance, protection from erosion and 

storms, bioprospecting, and tourism (Eddy et al., 2021) but they can also compromise 

the extent to which reefs provide these services. For example, human benefits from 

tourism are enhanced by healthy reefs (Dinsdale and Fenton, 2006), but anchoring has 

been shown to have detrimental impacts on these sensitive marine habitats, including 

directly injuring coral and lowering invertebrate population density (Dinsdale and 

Harriott, 2004; Flynn and Forrester, 2019; Forrester et al., 2015; Giglio et al., 2017). 

This damage is caused by a minority of boaters who anchor on coral reefs, despite 

having the option to anchor on sand or use a mooring (Forrester, 2020). There is thus a 

need to understand what causes boaters to perform environmentally-responsible 

(anchoring on sand or using a mooring) or irresponsible (anchoring on reef) behavior. 

There are a variety of frameworks to predict what causes individuals to perform 

environmentally-responsible behaviors, and the validity of each model depends on the 

context of the study (Kollmuss and Agyeman, 2002). When determining which 

framework is most appropriate, it is important to consider both the internal (e.g. 

awareness, attitudes) and external (e.g. social norms, cost) factors that may serve as 

motivators (Guagnano et al., 1995; Kollmuss and Agyeman, 2002). Frameworks such 

as the Theory of Reasoned Action (Fishbein and Ajzen, 1975), the Theory of Planned 

Behavior (Ajzen, 1991), and others incorporate both internal and external factors. Past 

research used these frameworks to understand other environmental behaviors, such as 
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recycling (Guagnano et al., 1995) and fishing waste management (Simmons and 

Fielding, 2019). 

Anchoring on reef may be intentional and other studies have examined anchoring 

as a planned behavior (Diedrich et al., 2013; Parry-Wilson et al., 2019). Past research 

in the Mediterranean showed that boaters consider factors such as cost, safety, 

comfort, crowding, and presence of sensitive marine habitats when choosing locations 

to visit and whether to anchor or moor there (Diedrich et al., 2013). It is therefore 

reasonable to propose that boaters may have other concerns that outweigh any desire 

to not anchor on reef and it is important to understand what these motivations are.  

Because properly anchoring requires a level of skill and awareness, anchoring on 

reef may also occur unintentionally due to boaters’ lack of awareness of the bottom 

type. However, perceived awareness is rarely benchmarked against actual awareness. 

The only study we could find about anchoring awareness indicated most (76%) 

boaters in the Mediterranean said they did not know the bottom type on which they 

were anchored and half (50%) of those anchored were, in fact, on ecologically-

sensitive seagrass beds (Lloret et al., 2008). It is thus important to both identify 

boaters’ perceived awareness and directly compare it with their actual awareness by 

observing their true anchoring behavior. 

Management actions to mitigate anchor damage can be taken locally, and 

common solutions include boater education programs, restricting anchoring on 

sensitive habitats, and providing moorings as an alternative to anchoring (Beeden et 

al., 2014; Day, 2002; Francour et al., 2006). These practices have been used in 

Caribbean locations for decades, but have not prevented extensive damage to reef 
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habitats. Behavioral solutions are also possible, and understanding boaters’ behavioral 

motivations and incorporating them into future management strategies will further 

reduce anchor damage and have substantial environmental benefits. 

Through this study, we explore boaters’ behavioral motivations and anchoring 

awareness to explain how some boaters anchor on coral reefs. We hypothesize two 

general reasons for how this occurs. The first is that anchoring on reef is planned 

because boaters have other concerns that outweigh those about anchoring on reef. 

These could include several factors, including crowding, the cost of moorings, safety, 

or lack of concern about the environment (Diedrich et al., 2013). Since this hypothesis 

assumes anchoring on reef is planned, we used a modified version of the Theory of 

Planned Behavior (Ajzen, 1991) as a framework to organize specific hypotheses, 

which are discussed in Section 2.4.1. The second hypothesis is that anchoring on reef 

is unintentional due to a lack of awareness of the bottom type on which they are 

anchoring. Boaters may think they are anchored on sand, but actually be anchored on 

reef. 
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2. METHODS 

2.1. Study location 

 

The British Virgin Islands (BVI) are an ideal location to investigate anchoring 

behavior. They are one of the most popular sailing destinations, as the calm seas and 

mild weather are conducive for sailors of all skill levels, and the islands are close 

together, so dozens of bays are easily accessible through a short sail (Fig. S2). Yacht 

tourism is thus a key contributor to the BVI economy (Everitt, 2007), with more than 

30 charter companies and 1100-1500 charter yachts operating in BVI waters 

(CharterWorld, 2024; Forrester, 2020). Other types of boats, including small fishing 

boats and large mega-yachts, also operate in the BVI, but most boats are intermediate-

sized power and sailing vessels associated with the charter and tourism industries. 

Similarly, most boaters in the BVI can be categorized into one of three operator types: 

1) bareboaters, who are charterers who rent a boat and captain it themselves; 2) charter 

captains, who are professionals employed by charter companies to operate the boat for 

those renting it; and 3) private boat owners, who both own the boat and operate it 

themselves. 

Past research also identified boat anchoring as a significant contributor to coral 

reef decline, despite a system of moorings and regulations against anchoring on reef 

(Flynn and Forrester, 2019; Forrester et al., 2015). There are several types of moorings 

across the BVI. A private company, BoatyBall, provides a system of reservable 

moorings ($55/night), first-come-first-serve moorings ($30-40/night), and day-use-

only moorings (donation-based) (BoatyBall, 2024). The reservable moorings are 

available to book on a cellular app that requires internet access. Moorings open for 

reservation at 7 a.m. each day and are only available to book for that day. The BVI 
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National Parks Trust also maintains day-use-only moorings at popular dive and 

snorkel sites that are free to use after purchasing a permit (BVI National Parks Trust, 

2024). Finally, there are privately-owned moorings that are provided by businesses, 

private owners, or private islands (typically $30-40/night). A comprehensive list of all 

moorings in the BVI does not exist, but these represent the main categories of 

moorings present there. Additionally, it is free to anchor in the BVI, but anchoring is 

prohibited in some areas (Virgin Islands Fisheries Regulations, 2003).  

We propose that boaters’ anchoring behavior can be described as a three-step 

process and it is important to understand their motivations at each of these steps. First, 

boaters choose a bay or anchorage in which to secure their vessel. Most boaters in the 

BVI are on a multi-day itinerary, so the bays they select to visit can affect, or be 

affected by, their intent to anchor or moor. The most discernible reason for this is that 

some bays have no moorings. There are also 20 bays designated as marine protected 

areas (MPAs) where anchoring is prohibited (Virgin Islands Fisheries Regulations, 

2003). After choosing a bay, boaters must decide whether to anchor or moor. The 

options to secure vessels in the BVI are anchoring, mooring, or docking at a marina, 

but at the vast majority of locations, anchoring and mooring are the existing 

alternatives. Finally, if they decide to anchor, they must decide on which substrate 

they will anchor. 

 

2.2. Questionnaire design 

 

There were three main components to the sampling approach. The first was face-

to-face, structured interviews to identify boaters’ anchoring and mooring motivations, 
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perceptions of the bottom type, and perceived awareness. The second was online 

questionnaires to supplement these in-person interviews and increase the sample size. 

The third was a direct observation of the seabed habitat for those who were anchored 

during the in-person interviews. This served as a mechanism to ground-truth these 

boaters’ perceived awareness of where they anchored against their actual awareness. 

Interview questions were informed by the Theory of Planned Behavior (TPB). 

This framework, initially described by Ajzen (1991) as a framework for predicting 

behavior by examining the factors that influence behavioral intent, has been used 

successfully to predict behavioral intent for other environmentally-responsible 

behaviors (de Leeuw et al., 2015; García Mejías et al., 2021; Han et al., 2010). Here, 

questions were asked about core TPB factors, including attitude towards behavior (as 

defined by (Zemore and Ajzen, 2014), subjective norms (as defined by Maichum et 

al., 2016), perceived behavioral control (as defined by Maichum et al., 2016), actual 

behavioral control (as defined by Ajzen, 1991), and behavioral intentions (as defined 

by Maichum et al., 2016). Question types included five-item Likert scales, multiple 

choice, and open-ended questions. Likert scale questions were rated from 1 to 5, and, 

unless stated otherwise, 1 represented “strongly disagree” and 5 represented “strongly 

agree.” The full set of interview questions can be found in Appendix 2. 

To test the clarity of the questions, a pilot study was conducted with 58 boaters 

in the United States Virgin Islands from 31 May 2023 – 9 June 2023. Revisions were 

made after the pilot study to streamline the interview process and improve the clarity 

and informativeness of the questions. A final review of the new set of questions was 

given by two colleagues who have extensive experience with yachting in the BVI.  
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2.3. Sampling strategy  

 

Face-to-face, structured interviews using a questionnaire (Bernard, 2017) were 

conducted with 74 boat operators in 16 bays and anchorages around the BVI from 25 

October – 3 November 2023 (Figure S2). To obtain a sample representative of boater 

preferences, our sample of bays included sites with and without moorings, as well as 

both popular and secluded areas. Interviews were conducted across all days of the 

week and during daylight hours, approximately 8 a.m. to 6 p.m. In each bay or 

anchorage, the interviewer used a small, inflatable boat to approach vessels and 

request an interview. All secured boats were approached unless they had already been 

interviewed in a different location. All boaters approached agreed to be interviewed, 

except five boaters who were actively preparing to depart the bay. Boats within a bay 

were approached in haphazard order, to reduce the likelihood of boats at anchor 

feeling targeted. Additionally, the interviewer wore University of Rhode Island 

clothing to assure the boaters that this was a research study. After explaining the 

purpose of the study and obtaining consent, the interviewer read the boat operator each 

question and recorded their quantitative and qualitative responses on paper. Interviews 

were conducted in English and, on average, lasted about 10 minutes.  

On-water interviews were supplemented by structured interviews on land and 

online questionnaires. Nine boat operators were approached opportunistically during 

the field trip (from 24 October – 4 November 2023) while their boat was docked or at 

a marina. An additional 47 responses were obtained through a Qualtrics questionnaire 

posted from 16 November 2023 - 27 November 2023 on a public Facebook page (BVI 
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Charter Chat) with over 35,000 members at the time of posting. On-land and online 

respondents were asked the original interview questions and instructed to answer 

based on their most recent anchoring or mooring experience. As these groups were not 

approached on the water, they could not be ground-truthed. While these different 

sampling strategies (on water, on land, and electronic) could result in different 

responses to questions, no formal comparisons between groups were made due to the 

small sample size of each group. However, the data across these three groups were 

compared visually and no obvious differences were identified.  

 

2.4. Why do some boaters anchor on coral reefs? 

 

2.4.1. Hypothesis 1: Anchoring on coral reef is a planned behavior 

 

Because the TPB is limited in scope, extensions are commonly added to increase 

its explanatory power (Gautam, 2020; Ha et al., 2021; Maichum et al., 2016; 

Panwanitdumrong and Chen, 2021; Simmons and Fielding, 2019; Xu et al., 2020). 

Two extensions were added for this study. The first was an environmental concern 

factor preceding attitude towards behavior, as past work suggests that concern for the 

environment can influence attitudes and behavioral intention (Maichum et al., 2016). 

Because anchoring on coral reef has significant, negative environmental impacts, we 

predicted boaters with higher levels of concern for the environment would be less 

likely to anchor on reef. The second extension was perceived awareness of BVI-

specific information relevant to anchoring. Past research on pro-environmental 

behaviors in marine recreation found individuals with more specific knowledge of and 

experience in the location and activity were more likely to support environmentally-
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responsible behaviors (Ha et al., 2021). This factor was added in our study to account 

for the potential effects of local knowledge and experience in BVI waters on boaters’ 

attitudes and perceived behavioral control. BVI residents, captains of crewed yachts, 

and private boat owners were predicted to be more familiar with BVI waters, and thus 

have more negative attitudes towards anchoring on reef, and more positive attitudes 

towards the environmentally-responsible anchoring alternative. These groups were 

also predicted to be more knowledgeable of proper anchoring practices, and thus have 

higher perceived control over their behavior to avoid reef when anchoring. Similarly, 

boaters who received a detailed briefing from the charter company, as well as those 

with a higher perceived awareness of BVI-specific regulations and the BVI 

environment, were predicted to have more negative attitudes towards anchoring on 

reef, and more positive attitudes towards anchoring on sand. 

 

2.4.2. Hypothesis 2: Anchoring on coral reef is unintentional due to a lack of 

awareness 

 

To address the hypothesis that anchoring on reef could be unintentional due to 

lack of awareness of the bottom type, we also asked two questions about boaters' 

perceived awareness of the bottom type. One question asked about the seabed habitat 

on which they anchored, while the other specifically asked if they thought they were 

anchored on reef. To ground-truth boaters' perceptions of their anchoring location an 

observer snorkeled to identify the bottom type under the anchor and chain of each boat 

at anchor. Each anchored boat was classified based on whether its anchor and 

adjoining anchor chain contacted primarily (1) sand, (2) seagrass, (3) coral reef, or (3) 

substrata of other composition. This judgement included both the substratum 
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underlaying the anchor and chain at the time of observation, plus the area plausibly 

affected by the chain and anchor with changing wind direction. This allowed for a 

direct comparison of boaters’ perceived and actual awareness of the bottom type. The 

snorkeler worked independently from the interviewer and, because the presence of 

snorkelers is routine at most sites sampled, we consider it unlikely that boaters were 

aware of the snorkeler’s intent.  

 

2.5. Why do some boaters anchor rather than moor? 

 

If anchoring on reef is unintentional, then it is important to understand why some 

boaters choose to anchor, rather than use the alternative of mooring. For that reason, 

we also asked questions addressing boaters’ anchoring and mooring motivations. This 

set of questions was also inspired by the TPB and was designed to discover how 

attitudes, perceived behavioral control, and perceived awareness influenced both 

anchoring and mooring. The questions were informed by past literature that suggested 

safety, comfort, crowding, cost, and environmental concern can influence boaters 

decisions to anchor or moor (Diedrich et al., 2013). As in section 2.4.1, environmental 

concern and BVI-specific perceived awareness were added as extensions to the TPB in 

this model. As hypothesized previously, BVI residents, captains of crewed yachts, and 

private residents were expected to be more familiar with BVI waters than non-

residents and bareboat captains, and therefore be more likely to anchor. Because 

anchoring and mooring are the only two options in most bays, some responses about 

anchoring are interpreted here as being informative towards mooring, and vice versa. 
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2.6. How does bay choice influence boaters’ decision to anchor vs. moor? 

 

Because most boaters in the BVI are on a multi-day itinerary, the bays they select 

to visit can affect, or be affected by, their intent to anchor or use a mooring. To 

understand this, boaters were asked how important a variety of factors were in their 

decision to choose a bay in which to secure their vessel (e.g. cost, crowding, 

availability of moorings, etc.). Importance was rated on a scale from 1 to 5, with 1 

being “not at all important” and 5 being “very important.” Because anchoring in some 

bays is prohibited (Virgin Islands Fisheries Regulations, 2003), questions about 

perceived awareness of anchoring regulations were also asked (e.g., presence of no-

anchoring zones and perceived knowledge of those locations). 

 

2.7. Data analysis 

 

Pathways predicted to be influential were set up as hypotheses prior to data 

collection (Fig. S3, Fig S4, Table S1, Table S2). Models developed using the TPB are 

often fit to data using structural equation models. The small sample size of this study 

provided too few observations per model parameter to properly fit a statistical model 

to these pathways. As a descriptive guide, Mann-Whitney U-tests, Kruskal-Wallis H-

tests, Chi-square tests, and Pearson correlations were used as appropriate to test the 

association between pairs of variables specified in each hypothesis. Non-parametric 

tests were used because most questions used a Likert scale (Allen and Seaman, 2007). 

IBM SPSS 28.0 was used for all analyses. Qualitative responses were inductively 

coded to identify patterns in open-ended responses (Kirner and Mills, 2019). 

Additionally, several questions were not included in statistical analyses due to 
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inconsistent interpretations by respondents or overlapping information with other 

questions. These are noted in Table S3. 
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3. RESULTS 

3.1. Sample characteristics 

 

A total of 130 responses were obtained (74 on water, 47 electronic, 9 on land) 

(Fig. S2). Respondent demographics and boat information are shown in Table 1. The 

majority of respondents were male (82%) bareboaters (61%) who did not reside in the 

BVI (75%), with an average of 29 years of boating experience. Most were operating 

powerboats (55%) with an average length of 13 meters (42 feet), suggesting this 

sample is representative of the typical boat types found in the BVI. Mooring (79%) 

was more common than anchoring. 
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Table 1. Sample characteristics. Sample size is given after each item. The sample size 

for “seabed where anchored” is the number of boaters who were observed to be 

anchored during on-water interviews.  

Item Classification Count Percentage Mean Std. Dev. 

Boat type  

(n = 130) 

Sailboat 58 45     

Powerboat 72 55     

Boat length 

(m)  

(n = 130) 

      13 3 

Boat secured 

by  

(n = 130) 

Anchoring 27 21    

Mooring 103 79     

Boat operation  

(n = 130) 

Private owner 24 18    

Charter captain 27 21    
 

Bareboat 79 61     

Country of 

primary  

residence  

(n = 130) 

BVI 20 15     
 

Non-BVI 98 75     

No response 12 10      

Gender  

(n = 130) 

Male 106 82     

Female 19 15     

No response 5 3      

Years of  

boating  

experience  

(n = 125) 

      29 17 

 

 

 

Age (years)  

(n = 106) 
      48 15  

Seabed where 

anchored  

(n = 14) 

On reef 3 21     

Not on reef 11 79      
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3.2. Why do some boaters anchor on coral reefs? 

 

3.2.1. Hypothesis 1: Anchoring on coral reef is a planned behavior 

 

Planning to anchor on coral reef was extremely rare. 100% of respondents 

disagreed or strongly disagreed they intended to anchor on reef that day and 98% 

strongly disagreed they intend to in the future (x̅ = 1.02, SD = 0.20). This suggests 

that, while the TPB was useful in informing question design, it is insufficient in 

explaining anchoring behavior (Fig. 1). 
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The ubiquitous intention to not anchor on reef was consistent with boaters' 

environmental concern, attitudes towards the behavior, subjective norms, and 

perceived and actual behavioral control (Fig. 2). Boaters had strong negative attitudes 

towards anchoring on reef, and said those close to them felt the same way. 94% of 

boaters agreed or strongly agreed they are very concerned about the environment (x̅ = 

4.66, SD = 0.66). 100% of respondents disagreed or strongly disagreed that anchoring 

on reef is a good thing to do (x̅ = 1.03, SD = 0.17) and 96% of respondents agreed or 

strongly agreed the environmentally-responsible alternative of anchoring on sand is a 

good thing to do (x̅ = 4.78, SD = 0.63). 98% of boaters disagreed or strongly disagreed 

that people who are important to them think anchoring on reef is a good thing to do (x̅ 

= 1.10, SD = 0.47). Additionally, there was a moderate amount of perceived peer-

pressure between boaters to avoid anchoring on reef (x̅ = 3.63, SD = 1.17). There was 

also near-universal agreement among boaters regarding their perceived behavioral 

control, as most boaters were confident they can avoid reef when anchoring (x̅ = 4.17, 

SD = 1.35). Boaters expressed moderate support for being able to find an available 

mooring to pick up or space to anchor on sand at the places they wanted to go to (x̅ = 

3.58, SD = 1.30), suggesting environmentally-responsible alternatives were not a 

limiting factor during the season in which this study was completed. None of these 

factors were significantly influenced by the operator type, country of residence, or 

perceived awareness of anchoring/mooring regulations. 
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3.2.2. Hypothesis 2: Anchoring on coral reef is unintentional due to a lack of 

awareness 

 

The results of this study suggest that anchoring on coral reefs is caused by a 

mismatch between perceived and actual awareness of the bottom type. Respondents 

had a high perceived awareness of the bottom type (x̅ = 4.34, SD = 1.11) and 100% of 

anchored boaters strongly disagreed they thought they anchored on reef that day. 

However, of the boaters who were anchored and ground-truthed (n = 14), 21% were 

anchored on reef (n = 3). This represents 4% of all boaters interviewed on the water.  

 

3.3. Why do some boaters anchor rather than moor? 

 

Anchoring was frequently a planned behavior. 60% of boaters agreed or 

strongly agreed they planned to anchor on their current trip (x̅ = 3.62, SD = 1.46). 74% 

of boaters who were anchored when interviewed agreed or strongly agreed that they 

planned to anchor again on their current trip (x̅ = 4.57, SD = 0.728), indicating that 

intention to anchor is likely a strong predictor of future anchoring behavior (Fig. 3). 
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Figure 3. Boaters’ future anchoring intentions depended on whether they were moored 

or anchored when interviewed. Different colored sections represent the proportion of 

boaters who responded with that level of agreement. 

 

Boaters’ intention to anchor was also multifaceted and mediated by awareness, 

attitudes, perceived behavioral control, and trust in the moorings (Fig. 4, Fig. S5). 

Boaters with more negative attitudes towards mooring had stronger intentions to 

anchor (r = -0.356, p < 0.001). These negative attitudes (r = 0.309, p < 0.001), as well 

as a higher intention to anchor (r = -0.323, p < 0.001), were influenced by a lack of 

trust that the moorings were safe to use. This is further supported by the qualitative 

responses of several boaters who provided examples of times they had mooring lines 

break on them or saw moorings break on others. Environmental concern did not 

influence attitudes towards moorings (r = 0.047, p = 0.599).  
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Boaters who perceived they had lower behavioral control over their ability to 

moor were also more likely to plan to anchor. Those who felt they could not easily 

pre-book a mooring had more negative attitudes towards mooring (r = 0.270, p = 

0.002) and a higher intention to anchor (r = -0.186, p = 0.038). Boaters reported a 

variety of problems with the BoatyBall reservation system that could have reduced 

this perceived behavioral control. Common complaints included the need for internet 

connection, the rush of competition to reserve early in the morning, and the ability to 

only pre-book for that day. 

The intention to anchor was also influenced by the boaters' familiarity with 

BVI waters. BVI residents had a higher perceived awareness of the bottom type than 

non-residents (Mann-Whitney U test, z = 2.528, p = 0.011). Captains of crewed yachts 

(primarily BVI residents) were more likely to plan to anchor than bareboaters 

(Kruskal-Wallis H test, H = -26.418, p = 0.002, Bonferroni corrected), as were private 

boat owners (Kruskal-Wallis H test, H = -22.053, p = 0.023, Bonferroni corrected). 

Anchoring requires more specific knowledge than mooring, as mooring leans on the 

knowledge of those who installed it. This could explain why charter captains and 

private boat owners were more likely to plan to anchor than bareboat captains. 

A lack of available moorings could be a reason that those who do not plan to 

anchor end up anchoring. Many boaters mentioned they prefer mooring over 

anchoring, but many also said there are not enough moorings available to use. This is 

especially pertinent for boats over 18 m (60 ft.) long, as almost all moorings in the 

BVI are only rated to hold boats up to 18 m (59 ft.). Boats above this threshold 

therefore face a limit to their actual behavioral control. Respondents on boats over 18 
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m long also had less trust in moorings than those on boats less than 18 m (Mann-

Whitney U test, z = -2.515, p = 0.012), possibly because most moorings are not rated 

to be safe for them to use. As such, those on boats over 18 m were more likely to be 

anchored (2
(1) = 11.242, p < 0.001, continuity corrected). This is supported by the 

qualitative responses of boaters on boats over 18 m long, who said they do not have 

the option to moor. 

 

3.4. How does bay choice influence boaters’ decision to anchor vs. moor? 

 

These results support the notion that bay choice can affect, or be affected by, 

boaters’ decision to anchor or moor (Fig. 5). Respondents stated safety (x̅ = 4.72, SD 

= 0.67), the ability to stay overnight (x̅ = 4.47, SD = 0.93), and weather and sea 

conditions (x̅ = 4.63, SD = 0.80) as the most important factors when choosing a bay or 

anchorage. While weather and sea conditions can affect the decision to anchor or moor 

(x̅ = 3.82, SD = 1.30), they were not a significant predictor of anchoring intention (r = 

0.132, p = 0.141). Weather and sea conditions do overwhelmingly affect bay choice, 

so they are most important at this step, rather than in deciding whether to anchor or 

moor once a bay has been selected. Many respondents also listed their planned 

itinerary as an important factor when choosing a bay. Cost was unimportant in 

selecting a bay (x̅ = 1.70, SD = 0.96), suggesting cost is not a deterrent to selecting 

bays with moorings.  
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A strong intention to anchor was associated with an avoidance of crowding and a 

lower priority of being near to bars, restaurants, and shops. Boaters with a stronger 

intention to anchor on their trip gave lower importance to the availability of moorings 

when selecting bays (r = -0.402, p < 0.001). They also considered the proximity of 

bars, restaurants, and shops to be of relatively low importance (r = -0.257, p = 0.004), 

but the number of other boats nearby to be of higher importance (r = 0.302, p < 

0.001). 

Most boaters had a high perceived awareness that there are bays where anchoring 

is not legal. 93% of boaters agreed or strongly agreed there are MPAs where 

anchoring is not legal (x̅ = 4.65, SD = 0.84) and 80% of these boaters agreed or 

strongly agreed they know where these MPAs are located (x̅ = 4.16, SD = 1.16). This 

should mediate boaters’ choices of bays, but anecdotal evidence suggests perceived 

awareness might not be accurate or not strongly influence actual bay choice. For 

example, Muskmelon Bay, Guana Island is a Fisheries Priority Area, but is a popular 

anchorage. 
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4. DISCUSSION 

The results of this study strongly suggest that anchoring on reef is unintentional 

and happens despite people preferring not to anchor on reef. This is consistent with 

past work in the Florida Keys that found scuba divers to have a near-universal feeling 

of embarrassment if they were seen anchoring on reef (Anderson and Loomis, 2011), 

suggesting that most individuals who recreate in areas with coral reefs do not want to 

anchor on them. The intentions to avoid this environmentally-irresponsible behavior 

also appear to be stronger than those for other environmentally-irresponsible 

behaviors, like allowing fishing waste to enter the ocean (Simmons and Fielding, 

2019).  

We observed a small minority (4%) of boaters anchored on reef. While this 

appears to be an insignificant number, it is important to consider that this study took 

place during shoulder season, when moorings are rarely limiting, and only a minority 

(21%) of boaters anchored to begin with. Past work found that from 2006-2022, about 

12% of boaters in the BVI anchor on reef, suggesting that as moorings become more 

limiting in high season, a higher proportion of boaters anchor, and thus more anchor 

on reef (Forrester, 2020 & unpublished). 

Proper anchoring behavior requires a higher level of skill and awareness than 

many other environmentally-responsible behaviors. Our results strongly suggest 

anchoring on reef arises due to a mismatch between perceived and actual awareness of 

the bottom type. Environmentally-responsible behaviors such as keeping fishing waste 

out of the ocean (Simmons and Fielding, 2019), choosing green hotels (Chen and 

Tung, 2014; Han et al., 2010), and buying green furniture (Xu et al., 2020) do not 

typically require a high level of awareness. In contrast, behaviors such as no-contact 
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scuba diving and anchoring on reef do require a level of skill and experience 

(Anderson and Loomis, 2011). Past work suggests that more scuba diving experience 

leads to not only stronger intentions to not damage reefs (Anderson and Loomis, 

2011), but also to less diver contact on coral reefs (Luna et al., 2009). Thus, lower 

levels of awareness and skill may ultimately lead to a disconnect between intention 

and behavior.  

Past work suggests anchoring on sensitive marine habitats is not always a result of 

a mismatch between perceived and actual awareness of the bottom type. While we 

found the majority of boaters in this study thought they knew the bottom type, 

research by Lloret et al. (2008) in Cape Creus found that 76% of boaters said they 

were unaware of the bottom type on which they were anchored. These researchers also 

found anchoring on sensitive marine habitat to be much more common, with 50% of 

anchored boats on seagrass beds, compared to 21% of anchored boats being on coral 

reefs here. The differences in perceived awareness and actual behavior between these 

two studies could be explained by the difference in boaters’ level of environmental 

concern. Nearly all boaters in our study said they were very concerned about the 

environment and did not think anchoring on reef was a good thing to do, but an 

unspecified majority of boaters in Cape Creus stated they did not care on which 

bottom type they anchored. Environmental conditions, such as weather, water 

visibility, and bottom type, also vary between the Mediterranean and the Caribbean, 

which could also impact differences between behaviors in the two locations.  

Since anchoring on reef appears to be unintentional, it becomes important to 

understand why some boaters anchor rather than moor in the first place. Because more 
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anchoring is expected to lead to more unintentional anchoring on reef, mooring is a 

potential solution to this problem. Our finding that the decision to anchor is 

multifaceted is consistent with past research, but the factors that can influence this 

decision are not always the same. Factors influencing anchoring intention, as well as 

those influencing bay choice, both play a role in the decision-making process. Though 

other work suggests the cost of moorings is important in deciding whether to anchor or 

moor (Diedrich et al., 2013; Parry-Wilson et al., 2019), our results imply cost is not an 

important factor because it was given little weight when choosing bays to visit. 

Additionally, our results show that boaters who intend to anchor tend to have more 

negative attitudes towards moorings, which is associated with having less trust that the 

moorings are safe to use and perceiving they have less control over their ability to pre-

book moorings. This contrasts previous work in Southwest England, which suggested 

that the majority of boaters tend to prefer moorings, citing reasons such as moorings 

being the more secure option (Parry-Wilson et al., 2019). This could be explained by 

local differences in mooring maintenance or boaters’ experiences anchoring on 

different bottom types, as not all seabed habitats hold anchors equally. The types of 

boats and boaters also differ between these locations, as the BVI tends to have larger, 

chartered vessels compared to the smaller recreational vessels in much of Europe. 

Finally, boaters who intended to anchor tended to prefer more secluded areas, away 

from other boaters, which do not always have moorings available. This is supported by 

past work that showed boaters’ perceived well-being and safety decreases as the 

amount of crowding in a bay increases (Ashton and Chubb, 1972; Diedrich et al., 

2011; Tseng et al., 2009). 
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4.1. Recommendations 

 

Since anchoring on reef primarily occurs due to a mismatch between the 

perceived and actual awareness of boaters who anchor, managers could consider: 1) 

actions that increase the probability that boaters use a mooring and 2) actions that 

increase the actual awareness of those who do anchor. There are many possible 

options to address these two points, and a greater understanding of why boaters 

responded how they did is needed to determine the most effective pathways.  

Increasing the probability that boaters use a mooring will decrease the probability 

of them anchoring, and thus decrease the likelihood of anchoring on reef. A key part 

of accomplishing this is to shift attitudes towards mooring to be more positive, 

especially for those who plan to anchor. Understanding if moorings are actually unsafe 

to use, or if the safety of moorings needs to be better communicated, would help 

identify if increased mooring maintenance is needed, or if something like enhanced 

communication about maintenance schedules would be more beneficial. Additionally, 

addressing boaters’ concerns with the mooring pre-booking system may increase its 

utilization. For example, some boaters suggested moorings be released in stages 

throughout the day or be available for pre-booking more than a day in advance. 

Boaters also described a need for a way to pre-book moorings without internet 

connection, as not all boaters have access to onboard internet. It may also be of value 

to address the limited availability of moorings, especially ones that support boats over 

18 m. A potential option for managers to consider is installing additional moorings, 

with a percentage of them being designated specifically for larger vessels. Adding 
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moorings in less-popular bays preferred by those who anchor may also reduce the 

amount of anchoring in those areas. 

Ultimately, some boaters will still choose to anchor, regardless of improvements 

to the mooring system. In this case, it may be valuable to improve boaters’ cognitive 

awareness so they are able to safely anchor in sandy areas. One possible solution to 

consider is enhancing communication of which sites are no-anchoring zones. 

Additionally, there may be benefits from a more robust pre-charter briefing. Pre-

activity briefings have been shown to facilitate environmentally-responsible behavior 

in similar scenarios (Krieger and Chadwick, 2013; Luna et al., 2009), and this may 

help ensure all bareboaters are aware of no-anchor areas and how to properly use their 

anchor. Managers may also consider increasing the number of marine patrols to help 

ensure boaters are following proper anchoring and mooring protocols. 

 

4.2. Limitations and future research 

 

There are several limitations to this study that could be improved with future 

research. Funding timelines caused this study to be conducted during shoulder season 

in the BVI, when moorings are typically not a limiting factor. We encountered only 

one bay where all moorings were occupied at the time of visiting. This could explain 

why we encountered such a small percentage of boaters at anchor, and ultimately 

limited our ability to ground-truth more boats. Qualitative results suggest that, during 

peak season (December - April), an influx of boaters creates competition for moorings 

and limits the number of sandy areas available to anchor on, resulting in more boaters 

anchoring on reef. Qualitative results also suggest many of the boaters present during 
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shoulder season are experienced enough to know that they should avoid the busy 

season if they want to be able to pick up moorings and avoid crowds. This group may 

also be experienced enough to be confident with their ability to anchor properly, 

suggesting our respondents may not be representative of all types of boaters in the 

BVI and may have under-sampled less-experienced boaters. Future research should 

interview boaters during peak season to gain a more comprehensive understanding of 

boaters’ behavioral motivations and limitations. 

Future research should also explore the motivations for anchoring versus 

mooring. Past work suggests that when pro-environmental attitudes are high, external 

barriers are often the limiting factor in performing the environmentally-responsible 

behavior (Guagnano et al., 1995). In this case, though pro-environmental attitudes are 

high, boaters may face external barriers to using a mooring, such as the limited 

availability of moorings. Gaining a deeper understanding of boater preferences and 

what causes some boaters to use, or not use, moorings will help determine how to 

increase the proportion of boaters using a mooring.  

 

4.3. Conclusions 

 

Anchoring on coral reef occurs despite management practices currently in place to 

prevent it. We found that anchoring on reef is not a planned behavior, but occurs due 

to a mismatch between boaters’ perceived and actual awareness of the bottom type. 

More anchoring leads to more unintentional anchoring on reef, and finding ways to 

increase the use of moorings is a potential solution to this problem. Management 

actions to prevent anchoring on reef can be taken locally, and our results suggest that 



 

33 

 

finding ways to increase the proportion of boaters using moorings and improve 

boaters’ actual awareness of the bottom type will help reduce anchoring on reef and 

have substantial environmental benefits.  
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APPENDICES 

Appendix 1: Supplementary figures and tables 
 

 

Figure S1. The Theory of Planned Behavior as described by Ajzen (1991). 
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Figure S2. Map of the British Virgin Islands. Locations where on-water interviews 

were given and anchored boaters were ground-truthed by snorkeling are marked with 

red circles. 



 

36 

 

 

F
ig

u
re

 S
3
. 
H

y
p
o
th

es
iz

ed
 a

ss
o
ci

at
io

n
s 

b
et

w
ee

n
 i

n
te

rv
ie

w
 q

u
es

ti
o
n
s 

ab
o
u
t 

th
e 

d
ec

is
io

n
 t

o
 a

n
ch

o
r 

o
n
 r

ee
f.

 B
lu

e 
ar

ro
w

s 
in

d
ic

at
e 

a 

p
re

d
ic

te
d
 p

o
si

ti
v
e 

as
so

ci
at

io
n
; 

re
d
 a

rr
o

w
s 

in
d
ic

at
e 

a 
p
re

d
ic

te
d
 n

eg
at

iv
e 

as
so

ci
at

io
n
. 

H
y
p
o
th

es
es

 w
er

e 
in

sp
ir

ed
 b

y
 t

h
e 

T
h
eo

ry
 o

f 

P
la

n
n
ed

 B
eh

av
io

r 
(T

P
B

) 
(A

jz
en

, 
1
9
9
1
) 

an
d
 t

h
e 

ar
ro

w
s 

sh
o
w

 t
h
e 

d
ir

ec
ti

o
n
 o

f 
th

e 
h
y
p
o
th

es
iz

ed
 c

au
sa

l 
li

n
k
s 

b
et

w
ee

n
 r

es
p
o
n
se

s 
to

 

q
u
es

ti
o
n
s 

b
as

ed
 o

n
 t

h
e 

T
P

B
 f

ra
m

ew
o
rk

. 
 



 

37 

 

 F
ig

u
re

 S
4
. 
H

y
p
o
th

es
iz

ed
 a

ss
o
ci

at
io

n
s 

b
et

w
ee

n
 i

n
te

rv
ie

w
 q

u
es

ti
o
n
s 

ab
o
u
t 

th
e 

d
ec

is
io

n
 t

o
 a

n
ch

o
r.

 B
lu

e 
ar

ro
w

s 
in

d
ic

at
e 

a 
p

re
d
ic

te
d
 

p
o
si

ti
v
e 

as
so

ci
at

io
n
; 

re
d
 a

rr
o
w

s 
in

d
ic

at
e 

a 
p
re

d
ic

te
d
 n

eg
at

iv
e 

as
so

ci
at

io
n
. 

H
y
p
o
th

es
es

 w
er

e 
in

sp
ir

ed
 b

y
 t

h
e 

T
h
eo

ry
 o

f 
P

la
n
n

ed
 

B
eh

av
io

r 
(T

P
B

) 
(A

jz
en

, 
1
9
9
1
) 

an
d
 t

h
e 

ar
ro

w
s 

sh
o

w
 t

h
e 

d
ir

ec
ti

o
n
 o

f 
th

e 
h
y

p
o
th

es
iz

ed
 c

au
sa

l 
li

n
k
s 

b
et

w
ee

n
 r

es
p
o
n
se

s 
to

 q
u
es

ti
o
n
s 

b
as

ed
 o

n
 t

h
e 

T
P

B
 f

ra
m

ew
o
rk

. 



 

38 

 

Table S1. Hypothesized associations between interview questions for the decision to 

anchor on reef. 
 

Anchoring on Reef 

TPB Factor 
Hypothesis 

# 
Path Hypothesis Result 

Environmental 

Concern 

H1 

Environmental 

concern → 

thinking  

anchoring on 

reef is a good 

thing to do 

Environmental con-

cern is negatively as-

sociated with thinking 

anchoring on reef is a 

good thing to do 

Unsupported 

H2 

Environmental 

concern → 

thinking  

anchoring on 

sand is a good 

thing to do 

Environmental con-

cern is positively as-

sociated with thinking 

anchoring on sand is a 

good thing to do 

Unsupported 

Perceived 

Awareness 

(BVI Specific) 

H3 

BVI residency 

→ confidence in  

ability to anchor 

off of reef 

Being a BVI resident 

is positively associ-

ated with confidence 

in being able to an-

chor off of reef 

Unsupported 

H4 

Operator type → 

confidence in  

ability to anchor 

off of reef 

Being an operator 

type that is more fa-

miliar with BVI wa-

ters is positively asso-

ciated with confi-

dence in being able to 

anchor off of reef  

Unsupported 

H5 

Received a 

proper briefing 

→  

thinking anchor-

ing on reef is 

good 

Receiving a briefing 

on proper anchoring 

and mooring proce-

dures is negatively as-

sociated with thinking 

anchoring on reef is a 

good thing to do 

Unsupported 

H6 

Received a 

proper briefing 

→  

thinking anchor-

ing on sand is 

good 

Receiving a briefing 

on proper anchoring 

and mooring proce-

dures is positively as-

sociated with thinking 

anchoring on sand is a 

good thing to do 

Unsupported 

H7 

Aware anchoring 

on reef is legal 

→ thinking an-

choring on reef 

is good 

Perceived awareness 

that anchoring on reef 

is legal in the BVI is 

negatively associated 

with thinking 

Unsupported 
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anchoring on reef is a 

good thing to do 

H8 

Aware anchoring 

on reef is legal 

→ thinking an-

choring on sand 

is good 

Perceived awareness 

that anchoring on reef 

is legal in the BVI is 

positively associated 

with thinking anchor-

ing on sand is a good 

thing to do 

Unsupported 

H9 

Aware of marine 

patrols → think-

ing anchoring on 

reef is good 

Perceived awareness 

that there are marine 

patrols in the BVI is 

negatively associated 

with thinking anchor-

ing on reef is a good 

thing to do 

Unsupported 

H10 

Aware of marine 

patrols → think-

ing anchoring on 

sand is good 

Perceived awareness 

that there are marine 

patrols in the BVI is 

positively associated 

with thinking anchor-

ing on sand is a good 

thing to do 

Unsupported 

H11 

Aware of anchor 

damage to reef 

→ thinking an-

choring on reef 

is good 

Perceived awareness 

that anchoring is a 

leading cause of reef 

decline in the BVI is 

negatively associated 

with thinking anchor-

ing on reef is a good 

thing to do 

Unsupported 

H12 

Aware of anchor 

damage to reef 

→ thinking an-

choring on sand 

is good 

Perceived awareness 

that anchoring is a 

leading cause of reef 

decline in the BVI is 

positively associated 

with thinking anchor-

ing on sand is a good 

thing to do 

Unsupported 

Attitude  

Towards  

Behavior 

H13 

Thinking anchor-

ing on reef is 

good → inten-

tion to anchor on 

reef that day 

Thinking anchoring 

on reef is a good thing 

to do is positively as-

sociated with intend-

ing to anchor on reef 

that day 

Unsupported 

H14 

Thinking anchor-

ing on reef is 

good → 

Thinking anchoring 

on reef is a good thing 

to do is positively as-

sociated with 

Unsupported 
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intention to an-

chor on reef in 

future 

planning to anchor on 

reef on their current 

trip 

Subjective 

Norms 

H15 

Other people 

think anchoring 

on reef is good 

→ intention to 

anchor on reef 

that day 

People who are im-

portant to the boater 

thinking anchoring on 

reef is a good thing to 

do is positively asso-

ciated with intending 

to anchor on reef that 

day 

Unsupported 

H16 

Other people 

think anchoring 

on reef is good 

→ intention to 

anchor on reef in 

future 

People who are im-

portant to the boater 

thinking anchoring on 

reef is a good thing to 

do is positively asso-

ciated with planning 

to anchor on reef on 

their current trip 

Unsupported 

H17 

Being less likely 

to anchor on reef 

if others will no-

tice → intention 

to anchor on reef 

that day 

Thinking boaters are 

less likely to anchor 

on reef if they think 

another boater will 

notice is negatively 

associated with plan-

ning to anchor on reef 

that day 

Unsupported 

H18 

Being less likely 

to anchor on reef 

if others will no-

tice → intention 

to anchor on reef 

in future 

Thinking boaters are 

less likely to anchor 

on reef if they think 

another boater will 

notice is negatively 

associated with plan-

ning to anchor on reef 

on their current trip 

Unsupported 

Perceived  

Behavioral 

Control 

H19 

Confidence in 

being able to an-

chor off of reef 

→ intention to  

anchor on reef 

that day 

Boaters' confidence in 

their ability to anchor 

off of reef is nega-

tively associated with 

intention to anchor on 

reef that day 

Unsupported 

H20 

Confidence in 

being able to an-

chor off of reef 

→ intention to  

anchor on reef in 

the future 

Boaters' confidence in 

their ability to anchor 

off of reef is nega-

tively associated with 

intention to anchor on 

reef on their current 

trip 

Unsupported 
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Actual  

Behavioral 

Control 

H21 

Availability of 

alternatives to  

anchoring on 

reef → anchor-

ing on reef 

Thinking there are 

open moorings to pick 

up or space to anchor 

on sand at the places 

they want to go to is 

negatively associated 

with being anchored 

on reef 

Unsupported 

Behavioral  

Intention 

H22 

Intention to an-

chor on reef that 

day → anchoring 

on reef 

Intention to anchor on 

reef that day is posi-

tively associated with 

being anchored on 

reef 

Unsupported 

H23 

Intention to an-

chor on reef in 

the future → an-

choring on reef 

Intention to anchor on 

reef on their current 

trip is positively asso-

ciated with being an-

chored on reef 

Unsupported 
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Table S2. Hypothesized associations between interview questions for the decision to 

anchor. 

 

Anchoring vs. Mooring 

TPB Factor 
Hypothesis 

# 
Path Hypothesis Result 

Environmental 

Concern 
H24 

Environmental 

concern → think-

ing mooring is a 

good thing to do 

Environmental con-

cern is positively as-

sociated with think-

ing using mooring is 

a good thing to do 

Unsupported 

Perceived 

Awareness 

(BVI Specific) 

H25 

BVI residency → 

intention to an-

chor 

Being a BVI resident 

is positively associ-

ated with planning to 

anchor on their cur-

rent trip 

Supported 

H26 

Operator type → 

intention to an-

chor 

Being an operator 

type that is more fa-

miliar with BVI wa-

ters is positively as-

sociated with plan-

ning to anchor on 

their current trip 

Supported 

Attitude  

Towards  

Behavior 

H27 

Thinking moor-

ing is a good 

thing to do → in-

tention to anchor 

Thinking mooring is 

a good thing to do is 

negatively associated 

with planning on an-

chor on their current 

trip 

Supported 

H28 

Trust in the 

moorings → 

thinking mooring 

is a good thing to 

do 

Trusting that the 

moorings in the BVI 

are safe to use is pos-

itively associated 

with thinking moor-

ing is a good thing to 

do 

Supported 

H29 

Trust in the 

moorings → in-

tention to anchor 

Trusting that the 

moorings in the BVI 

are safe to use is neg-

atively associated 

with planning to an-

chor on their current 

trip 

Supported 

Perceived  

Behavioral 

Control 

H30 

Ease of pre-book-

ing moorings → 

thinking mooring 

is a good thing to 

do 

Perceiving that being 

able to pre-book 

moorings is an easy 

thing to do is posi-

tively associated with 

thinking that mooring 

is a good thing to do 

Supported 
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H31 

Ease of pre-book-

ing moorings →  

intention to an-

chor 

Perceiving that being 

able to pre-book 

moorings is an easy 

thing to do is nega-

tively associated with 

planning to anchor 

on their current trip 

Supported 

Actual  

Behavioral 

Control 

H32 

Boat length → 

trust in the moor-

ings 

Boat length is nega-

tively associated with 

trust that the moor-

ings in the BVI are 

safe to use 

Supported 

H33 
Boat length → in-

tention to anchor 

Boat length is posi-

tively associated with 

planning to anchor 

on their current trip 

Unsupported 

H34 

Weather and sea 

conditions →  

intention to an-

chor 

Weather and sea con-

ditions being im-

portant in deciding 

whether to anchor or 

moor is positively as-

sociated with plan-

ning to anchor on 

their current trip 

Unsupported 

Behavioral  

Intention 
H35 

Intention to an-

chor → anchoring  

Planning to anchor 

on their current trip is 

positively associated 

with being anchored 

Supported 
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Table S3. Justifications for not including certain interview questions and observations 

in analyses. 

 

Question/Observation Justification for not including in analyses 

Weather and sea conditions 
Inconsistent measurement method and did not rec-

ord for all interviews 

Boat name 
Did not record for most boats and removed for pri-

vacy reasons 

Boat size class 
Boat length encompasses the same information and 

is more informative than size class 

Number of times chartered 
Years of experience encompasses the same infor-

mation and is more informative 

Activities Question was unclear and interpreted inconsistently  

I am more likely to use a mooring if 

the reef below looks pristine 
Question was unclear and interpreted inconsistently  

Whether or not I use a mooring is 

completely up to me 
Question was unclear and interpreted inconsistently  

Whether or not I anchor on reef is 

completely up to me 
Question was unclear and interpreted inconsistently  

Weather and sea conditions are the 

most important things I consider 

when deciding whether to anchor on 

sand or on reef 

Most boaters felt they could not answer because an-

choring on reef was not an option they considered 

Importance of proximity to natural 

attractions in bay choice 
Question was unclear and interpreted inconsistently  

Importance of presence of sensitive 

marine habitat in bay choice 
Question was unclear and interpreted inconsistently  
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Appendix 2: Interview questions 
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