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There are a considerable number of studies reporting the negative impacts of recreational diving and their causes,

yet there is a gap in the information regarding the aspects of activity management. A large part of the measures

identified address stakeholders’ awareness, data on the activity, and implementing adapted management

measures. Stakeholders need to be integrated into the entire process of managing the activity because they are

the target for correcting actions.

scuba diving management  environmental impacts  management actions  sustainability

1. Introduction

Each year, a considerable number of new divers complete a diving certification, making recreational diving one of

the fastest growing coastal tourist activities . The diver training organisation, the Professional Association of

Diving Instructors (PADI), has more than 100,000 certified professionals, who in turn have certified more than 28

million divers since 1967, spread over more than 200 countries and territories . This recreational activity is

economically viable and can raise environmental awareness by allowing direct observation of the marine

ecosystem . It is also accepted in multiple-use marine protected areas (MPAs) as a source of income .

However, carrying out this activity also brings negative impacts on the marine environment, particularly through

physical disturbance of species and habitats. Moreover, non-indigenous species (NIS) can be transported by diving

boats from marinas and introduced into sensitive marine areas such as MPAs .

2. Awareness, Training, and Briefings

The development and use of training and interpretation programmes on marine habitats and marine life can be the

key to greater awareness and engagement of divers underwater . Skilled diving behaviour is strongly related to

safety practices that reinforce relationships with diving buddies, diving masters, and diving friends but are less

effective as behaviours that preserve the marine environment. Changing attitudes and behaviours involves both an

awareness of the consequences and the knowledge of specific issues that can be addressed through public

education programmes (e.g., incorporation of marine conservation awareness programmes in public schools).

Interesting to note is that the best-known training organisations started to offer environmental awareness

programmes for divers and, in collaboration with the diving industry, have developed a package for training eco-

diving instructors (e.g., Scuba Schools International (SSI)), thus demonstrating concern in this regard. Diver
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education and buoyancy training have been a key feature in the reduction in the environmental impact of the scuba

diving industry . Thus, improvement of these two qualities has been shown to have a positive effect in reducing

contacts made by divers in the ecosystem . These are the two prerequisites for this industry, which

encompasses international and national autonomous agencies (e.g., the British Sub Aqua Club (BSAC), La

Confédération Mondiale Des Activités Subaquatiques (CMAS), and the Professional Association of Diving

Instructors (PADI)). It is known that education is a successful tool for increasing divers’ awareness, and another

indirect form of intervention that can minimise the level of diver impacts is diving guides. The intervention of dive

guides seems to be successful, as it seems to contribute to a reduction in diver contact with the ecosystem in the

range of 20% to 80% . The intervention of a dive guide reduces the likelihood of a diver contacting benthic

organisms in the first 10 min of each dive. In general, the level of impact can be minor when there is continuous

monitoring/intervention by the guide, thus achieving a more sustainable dive. An example is what happens in Santa

Lucia (Lesser Antilles, Caribbean), where only the dive guide’s intervention methods work in reducing coral

damage by divers . Along with novice divers, underwater photographers may cause great destruction on the

seabed, particularly on sessile organisms such as corals . To photograph different scenarios and species,

they often position themselves close to the substrate/bottom, leading to direct contact with marine organisms, and

this is when they do not hold onto them to steady themselves . Surprisingly, in  it was found that specialist

photographers are the worst when it comes to causing impact, which reinforces the need for transversal education.

Another source of impact with negative repercussions on the marine ecosystem is conflicts between divers. This is

common in areas where diving becomes popular or overcrowding occurs . In Molokini, minimum distances are

required between participants of the same activity groups, maintaining security to avoid conflicts . In certain

destinations, there are reports from dive guides of disputes between divers during the dive when trying to see small

emblematic species such as seahorses, which have resulted in the destruction of the seabed . Therefore, for

better management of the activity, codes of conduct have emerged in some regions and for some of the diving

offerings (e.g., shark diving) with the aim of protecting marine species . In developing a specific code of

conduct, it is essential to integrate all stakeholders in the process  and to consider the reality and specificities of

the site/region where it will be implemented. Moreover, this measure allows diving guides to take underwater

measures if necessary.

These examples illustrate that improving the awareness of divers and dive operators through education can

contribute to more divers using a particular site without causing degradation. Since 1996, the importance of

education has been emphasised as having an extreme relevance in raising environmental awareness and reducing

the damage caused by divers in renowned diving destinations. However, although the industry has already evolved

in this sense, it still shows some resistance to investing in education as a vehicle for more sustainable

management of diving activities. Still, more dive operators are improving their tools to offer a more sustainable

operation with less impact on nature, such as their diving briefings. This tool, if well done with all the information

about the diver’s behaviour and the environmental menaces of the diving activity, can improve divers’ awareness of

actual and potential threats, and is a beneficial management tool for awareness and conservation of marine

habitats. A dive briefing can take different forms, such as conservation education dive briefings, video briefings, or

predive ecological briefings, which, based on several studies, significantly decrease the frequency of contacts
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made by divers . It can also contain different content, like the ecological aspects of corals  and other

emblematic species , specific alerts for scuba divers with cameras and gloves , basic aspects of coral biology

with visual materials , and alerts for divers to maintain neutral buoyancy . In the Florida Keys National Marine

Sanctuary, a dive operator has implemented a “conservation-centred briefing” that has been shown to significantly

reduce the number of touches by divers per minute compared with the results obtained by the other dive

companies (0.16 ± 0.08 (mean ± SE) and 0.37 ± 0.06 (mean ± SE), respectively) .

3. Research/Monitoring the Marine Environment

Through scientific research, in various places in the world the intensive use of dive spots may have led to

differences in the distribution of benthic species abundance . Also, it has made it possible to identify

some of the behavioural sources causing the environmental impacts . Evidence since 2006 indicates

that for effective management and protection of the marine environment from anthropogenic activities, it is

essential to have a characterisation of it, together with a delineation of its thresholds within a consistent

classification . Therefore, the first step in recreational diving management is to characterise the benthic

community of dive sites, as benthic species are the ones that receive mechanical damage such as breakage.

Monitoring of the activity and of critical indicators of vulnerability is essential to identifying mitigating management

actions before setting about calculating the “carrying capacity” of the area and limiting the number of divers 

. All this highlights the importance of scientific research to acquire greater knowledge about the management of

recreational diving activity. Through research, it was possible to ascertain that the intensive use of diving places by

the diving industry may lead to several negative impacts on the marine environment. That is why long-term

monitoring of this activity is crucial. In general, there has been a growing evolution in scientific research and

monitoring of diving activity over the last three decades; however, there is still a lack of information and

management of the activity in many of the diving destinations analysed. Thus, more information needs to be

generated (e.g., recent studies with new data, studies involving monitoring and evaluation) to adapt management

measures to current circumstances.

4. Carrying Capacity Approaches

In the analysis conducted, under the umbrella of the carrying capacity management action group, all management

actions that focus on controlling the number of divers in a particular dive spot. Demand for a diving site is

dependent on several factors, such as the marine biodiversity and the geological features of the site, but also on

the wilderness experience. The benefits of the wilderness experience usually decline with the number of visitors,

which generates a phenomenon of congestion or overcrowding. The overcrowding effect is also magnified by the

agglomeration of diving activity in the most accessible and renowned destinations. There is a generalised

consensus that limiting the number of visitors to diving sites is one of the simplest management actions and can

contribute to alleviating the environmentally negative impacts of divers on the ecosystem . Primarily, the

concept of carrying capacity is developed for terrestrial sites and is the “maximum number of visitors” that a

particular geographical place can carry. It was developed as a management instrument to ensure that the number

[25][26][27][28] [28]

[28] [29]

[30] [30]

[27]

[13][31][32][33]

[17][25][34][35][36]

[34]

[19][37]

[38]

[39][40]



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 4/16

of recreational visits to a wilderness area would not degrade the quality of the recreation experience and would

maintain its biological and ecological functions . One of the main problems of applying the concept to marine

sites and scuba diving is the feasibility of excluding divers from a particular site . The second problem arises

from pursuing two main objectives: preserving the quality of the recreational experience and maintaining

biodiversity and ecological functions. The first empirical application of the carrying capacity concept to a marine

environment was used for the Bonaire Marine Park and reached the conclusion that diving had no significative

effects on fish communities, but even low diving levels had an impact on coral colonies . The majority of

subsequent studies focused on the effects of divers’ behaviour on coral communities and identified both short-term

and cumulative effects . A second group of empirical studies on non-tropical rocky reefs addressed the

identification of the bio-indicators of diving impacts .

5. Adaptation of the Diving Industry

The management action group analysed, diving industry adaptation, encompasses measures whose main

objective is to improve the operation of the activity and minimise its impact on the marine environment. Measures

are associated with stakeholders that are part of the SDTS, such as divers, dive operators, and diving schools .

Interaction with other stakeholders such as local communities, recreational fishing operators, local authorities, and

policymakers has been suggested . All these stakeholders interact in managing the activity, adopting

management measures, mitigating impacts, addressing conflicts in multi-use sea spaces, and supporting an

environment that ensures economic sustainability and the wider sustainability of the industry . These multiple

stakeholders share a heterogeneity of interests, but it has been argued that scuba dive operators have a personal

stake in the conservation of diverse marine life and in the conservation of small coral areas . Borrowing from

ICM methodology, it has been argued that a management strategy that takes multiple stakeholders into account

must invest in proper communication and participation in the management processes .

A range of ad hoc measures deal with the impact of the activity on the marine environment and the preservation of

quality dive sites. One example of a specific measure resulting from industry adaptation is the use of buoys so that

the descent and ascent of divers have a reference in shore dives, consequently preventing the destruction of

marine habitats common in this type of diving, which has a greater impact than diving from a boat. This is related to

the fact that divers start and end their dive in a sand zone . On the southern Caribbean island of Bonaire, only

vessels over four metres are allowed to anchor, and in the case of fishers, only those using “stone anchors” are

allowed . Thus, a mooring system for dive operators and other boats has been installed for this purpose. Also,

when divers arrive on the island, they need to take part in a briefing on the marine park, as well as participate in an

orientation dive, both of which are provided by the host operator.

As mentioned above, one of the measures that has been implemented by dive operators is entry points over sandy

areas, away from coral reef areas . This measure may have other associated measures as suggested by

different authors, such as definition of the distances between entry points (e.g., 30 m apart, 12 m apart), maximum

limit on the number of divers that can descend at each point at a time (e.g., 9 divers, 10 divers) , and

minimum distances between those participating in the same activity groups . There are other measures whose
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implementation could provide added value, like the planning of dive routes by operators so that sensitive habitats

and species are not disturbed . An example of the success of this measure is the Algarve (Portugal), where the

underwater routes pleased those who visited them , promoting environmental awareness in situ. All the above

examples show that the diving industry has been adapting and should continue to adapt to provide better and safer

diving experiences with less negative impact on marine ecosystems. Only then can there be more sustainable

diving activity.

6. Economic Values/Mechanisms

The management action group studied, economic values/mechanisms, comprises measures related to the

economic value of the activity and, consequently, the local economy of diving destinations. User-pay fees for divers

have been studied either for access to marine parks  to finance conservation  or simply as an instrument to

manage specialist activities such as diving with sharks . Access fees are suggested as an instrument to

manage demand while generating revenue for park management and conservation. Most access fees are set

below what divers are willing to pay , and in most cases, the revenue generated is not used to fund marine

conservation or enforce activities. Willingness to pay for fish diversity, pristine coral, and the presence of

megafauna such as sea turtles, mantas, and whale sharks is well above the values set for the majority of diving

access fees . The design of new fee structures, which take the value of heterogeneity into account, in studies on

the willingness to pay has led to a new discussion about the use of other pricing techniques such as discriminatory

pricing . The potential of privately managed marine reserves and co-managed marine reserves is another

example of the use of economic mechanisms at the local level in the Philippines and Malaysia .

While scuba diving is a market service and divers pay a competitive market price, it can be argued that this market

price does not consider the use of marine public goods such as fish diversity, coral quality, and the uniqueness of

the diving experience. Divers pay a price for a diversity of services provided by operators, such as accessibility to

spots and equipment use, but the perceived value of a dive is greater than the price. In accordance with the

research of Schoeman et al. (2016) , the value of tourism products can be calculated by taking tangible (e.g.,

marine biodiversity) and intangible (e.g., diving experience) elements into consideration. The diving tourism product

is intangible; however, through the diving experience a value (e.g., emotional, functional, social, epistemic) is

created that influences the satisfaction of those who practice it. Therefore, the diving industry should not

underestimate the relevance of the intangible aspects of the diving experience and should focus on them in its

marketing, product development, and day-to-day diving activities. In addition, they cannot neglect the aesthetic

value of the dive sites because they are one of the most crucial factors in convincing visitors to come to the

destination, so their maintenance should be considered a priority . The diving industry can use the theme of

newness in marketing strategies and keep the market up to date with product changes and new opportunities

through social media, e.g., Facebook, Twitter, and Instagram . Besides that, they should motivate tourists to

share their positive experiences and stories with others using the same communication platforms, because

satisfaction significantly influences storytelling intention .
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The case studies analysed deal with a “very rigid economic system”. In the Portofino MPA, the resident population

recognises the relevance of the marine environment to their livelihoods but, antagonistically, does not want the

tourism sector to be regulated. There are few employment opportunities, mainly because they do not invest in

innovation and because the local population mostly serves only high-income tourists. Moreover, the facilities of the

tour operators are located outside the area in which they operate, which excludes the participation of the

population in the operations and, consequently, has resulted in a decrease in the number of residents in Liguria 

. But the economic benefits of recreational diving (when professionally managed) for the coastal tourism sector

can translate into multiple gains for the local population. This is more significant in the case of poorly diversified,

small island economies.

7. Stakeholder Engagement

Another, no less important management action, stakeholder engagement, includes the measures related to the

involvement of all stakeholders related to the SDTS, stakeholders contributing with social and cultural resources,

and government (e.g., policymakers and managers). Since 2014, the focus on the importance of effective

stakeholder engagement in more sustainable management of diving activity has increased . The measures

analysed suggest that the work of stakeholders needs integration (e.g., managers with dive operators, scientists

with policymakers) to identify the desired ecological and social states for a given region and/or dive site. This is in

line with what is suggested by Augustine et al. (2016) . Stakeholders like scientists and policymakers need to be

open to the use of different approaches, such as empirical knowledge from stakeholders, expert judgement,

policies in place, habitat and/or species mapping, and spatially explicit modelling, to demonstrate how the integrity

of the marine environment is interlinked with human well-being. With the knowledge acquired, the gaps can be

filled with balanced management measures at all levels, ecological, social, and economic, as suggested by . In

decision-making processes, with respect to marine spatial planning, dive operators should be consulted . It is

essential that there are effective communication channels between all stakeholders  and that all, especially local

ones, are included through consultation and public participation during the entire planning process, as argued by

Tsilimigkas and Rempis (2021) . Furthermore, management rules need to be transparent, and the form of

communication should be as clear as possible, as stakeholders are often concerned about corruption and

mismanagement of the activity. An example of an important stakeholder contribution is when developing a code of

conduct (e.g., region-specific, site-specific) . In conclusion, different authors agree that there is a need for a

conversation between all stakeholders in dive tourism about the steps to take to obtain a more sustainable dive

industry.

8. Zoning

Management measures could have another field of action besides that presented above. In the research

performed, the authors find that spatial zoning strategies and spatial planning tools like temporal zoning are used in

diving activity management. For example, managers can rearrange the diving district/zone for each dive through

spatial zoning strategies to permit divers to be visible at one time. This measure reduces the number of diver
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encounters without reducing the number of permitted divers in each dive site . Also, it can be applied to separate

divers through spatial zoning for interpersonal conflict resolution, as mentioned above and according to .

Zoning can also be used to identify dive sites that are sensitive to divers’ impacts and where diving should not

occur, such as shallow-water, coral-rich zones . It can still contribute in another way to the activity for ; an

appropriate zoning scheme with established criteria for the use of local ecosystem services (considering the

specific environmental and socioeconomic conditions) could be a good measure for small islands with fragile

ecosystems.

Temporal zoning, in conjunction with increased fees, could be implemented to decrease usage and maintain the

profitability of dive sites and access for dive operators . This measure and the staggering of visiting times are

solutions that have also proved effective in resolving interpersonal conflicts at dive sites . For Ha et al. (2020)

, diving tourism destinations should implement zoning systems based on the perspective of spatial behaviour. In

conclusion, the measures analysed show that it is possible to implement zoning strategies in diving destinations

and simultaneously make a profit from their implementation, for example, through the implementation of temporal

zoning alongside fees. Also, zoning can be an efficient way of organising dive operations at dive sites, avoiding

interpersonal conflicts between divers.

9. Governance and Public Policy

Under the umbrella of the management action group, governance, and public policy tools, the measures analysed

have a focus on developing and redesigning appropriate policy instruments, such as policies/rules and

legislation/regulation of diving activity, as well as measures that suggest surveillance of the compliance of these

instruments after their implementation. Scuba diving tourism is mostly a self-regulated, market-oriented activity,

with operators accepting common standards for the training and safety of participants . Evidence of the negative

environmental impacts of scuba diving led training organisations to develop guidelines for best practices and the

Green Fins code of conduct, with the main purpose of mitigating the effects on coral reefs . Enforcing marine

park regulations and promoting site substitution policies was suggested by Abidin and Mohamed (2014) .

In a case study of the Azores scuba diving industry, the first step to manage shark diving activity is designing

appropriate legal frameworks, according to Bentz et al. (2013) . For these authors, laws/rules can lead to

mandatory controls on the number, qualifications, and operations of shark diving businesses, but only if compliance

with the law and the rules developed and implemented is subsequently monitored.

Another avenue for public policy is a regime that licenses scuba operators, considering the environmental state

and the diving pressure in a particular spot . Compliance with regulations and surveillance of the industry activity

is another proposed avenue . Conservation of marine life through the creation of MPAs and their effective

management is becoming more relevant in the Caribbean Sea and the Indian and Pacific Oceans, either using

regulatory public instruments, community initiatives, or private third parties. In summary, as argued by Lucrezi and

Saayman (2017) , there is an ongoing debate on different approaches for governance, such as the self-

regulatory framework , third-party control of the industry , and a meta-governance framework as suggested
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by Hunt et al. (2013) . The high growth of scuba diving tourism in both protected and unprotected areas creates

an urgent need for policies that address the impacts of divers and diving operations on marine biodiversity and

habitats to allow preservation of diving sites. Yet caution is need when designing or reformulating policies so that

they do not undermine the different key elements of the SDTS.

10. Adaptive Management Approaches and Economic
Values/Mechanisms

The literature review also showed that there is a greater focus on adaptive management measures for diving

activity. Adaptive management is an iterative process of change in management actions/measures based on

continuous monitoring and new practices centred on social learning. Adaptive management benefits from

stakeholder participation and addresses environmental, social, and economic concerns. That is why an increasing

demand for management frameworks in the context of scuba diving and empirical studies to develop synthetic

indicators  provides a more structured approach to assist managers and stakeholders in developing mitigating

and adaptive actions. The following managing frameworks have been identified in previous studies: (i) a carrying

capacity approach  (ii) a limits of acceptable change management framework , (iii) a percentile-based

management framework , (iv) a discriminatory pricing framework , (v) a systems approach to collaborative

management , and (vi) an adaptive management framework . Also, adaptive dive management must be

based on the characteristics/particularities of each dive site because each dive site has its own identity.

Furthermore, it should be evaluated through scientific monitoring .

Integrated coastal management (ICM) plans and dive plans for diving sites are also listed in the literature as good

management strategies . This type of plan can have different contents and should take into consideration

certain aspects, such as the importance of beginner and occasional diving tourism ; the marine conditions to

which divers are exposed and whether they correspond to their level of certification (e.g., training of divers and

introductory dives should occur in places with no coral cover) ; and the damage of marine ecosystems by

divers, which can be avoided through educational interpretative tools . The implementation of artificial coral reefs

is another strategy often referred to in the literature. These artificial structures can mitigate the negative impacts

caused by divers on nature  and, consequently, reduce stress levels . They are sometimes present at or

close to dive sites (e.g., shipwrecks, anchors); however, their construction is allowed if they do not occur

spontaneously. It is quite possible that in the near future it will be necessary to implement artificial reefs in MPAs to

give the dive hotspots time to recover . This action involves diverting divers from overloaded reef zones to

artificial areas, as recommended by the authors of . The list of management approaches does not end here. An

adequate system of discriminatory fees and prices to attract divers could be a strategic tool to control the number

of visitors, thus mitigating possible damage to the ecosystem . It constitutes a feasible management

response to decrease encounters between divers without leading to a reduction in the total number of divers

simultaneously at the same dive site . Fees collected from the activity can be used for the preservation and

maintenance of coral reefs, including proper monitoring and awareness-raising campaigns targeting the industry for

developing more sustainable activity, as is suggested by the literature . Another solution to achieve better

[77]

[81]

[8][43][82] [81][83]

[84] [42]

[45] [85]

[86]

[87][88][89]

[90]

[87][90]

[89]

[25][39] [87]

[70]

[91]

[57][75][92][93]

[50]

[25]



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 9/16

management of sensitive ecosystems is “no-take marine reserves”, where fishing and diving activities are totally

banned .

References

1. Giglio, V.J.; Luiz, O.J.; Ferreira, C.E.L. Ecological impacts and management strategies for
recreational diving: A review. J. Environ. Manag. 2020, 256, 109949.

2. Garrod, B. Market segments and tourist typologies for diving tourism. In New Frontiers in Marine
Tourism: Diving Experiences, Sustainability, Management; Routledge: London, UK, 2008; pp. 31–
48.

3. Scholtz, M.; Saayman, M. Diving into the consequences of stakeholders unheard. Eur. J. Tour.
Res. 2018, 20, 105–124.

4. Professional Association of Diving Instructors (PADI) 2019 Worldwide Corporate Statistics.
Available online: https://www.padi.com/sites/default/files/documents/2019-
02/2019%20PADI%20Worldwide%20Statistics.pdf (accessed on 17 January 2021).

5. Professional Association of Diving Instructors (PADI) 2021 Worldwide Corporate Statistics.
Available online: https://www.padi.com/sites/default/files/documents/2021-
02/2021%20PADI%20Worldwide%20Statistics.pdf (accessed on 17 January 2021).

6. Agardy, M.T. Accommodating ecotourism in multiple-use planning of coastal and marine protected
areas. Ocean Coast. Manag. 1993, 20, 219–239.

7. Cardoso-Andrade, M.; Cruz-Jesus, F.; Rego, F.C.; Rangel, M.; Queiroga, H. Assessing the land-
and seascape determinants of recreational diving: Evidence for Portugal’s south coast. Mar.
Policy 2021, 123, 104285.

8. Davis, D.; Tisdell, C. Recreational scuba-diving and carrying-capacity in marine protected areas.
Ocean Coast. Manag. 1995, 26, 19–40.

9. Lucrezi, S.; Milanese, M.; Markantonatou, V.; Cerrano, C.; Sara, A.; Palma, M.; Saayman, M.
Scuba diving tourism systems and sustainability: Perceptions by the scuba diving industry in two
Marine Protected Areas. Tour. Manag. 2017, 59, 385–403.

10. Parretti, P. Marine Non-Indigenous Species in Oceanic Islands: Climate Change and
Management Implications. Ph.D. Thesis, Faculdade de Ciência e Tecnologia, Universidade dos
Açores, Açores, Portugal, 2021.

11. Ong, T.F.; Musa, G. SCUBA divers’ underwater responsible behaviour: Can environmental
concern and divers’ attitude make a difference? Curr. Issues Tour. 2012, 15, 329–351.

12. Luck, M. Scuba diving tourism. Ann. Leis. Res. 2016, 19, 259–261.

[17][94]



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 10/16

13. Lyons, P.J.; Arboleda, E.; Benkwitt, C.E.; Davis, B.; Gleason, M.; Howe, C.; Mathe, J.; Middleton,
J.; Sikowitz, N.; Untersteggaber, L.; et al. The effect of recreational SCUBA divers on the
structural complexity and benthic assemblage of a Caribbean coral reef. Biodivers. Conserv.
2015, 24, 3491–3504.

14. Casoli, E.; Nicoletti, L.; Mastrantonio, G.; Jona-Lasinio, G.; Belluscio, A.; Ardizzone, G.D. Scuba
diving damage on coralligenous builders: Bryozoan species as an indicator of stress. Ecol. Indic.
2017, 74, 441–450.

15. Belhassen, Y.; Rousseau, M.; Tynyakov, J.; Shashar, N. Evaluating the attractiveness and
effectiveness of artificial coral reefs as a recreational ecosystem service. J. Environ. Manag.
2017, 203, 448–456.

16. Barker, N.H.L.; Roberts, C.M. Scuba diver behaviour and the management of diving impacts on
coral reefs. Biol. Conserv. 2004, 120, 481–489.

17. Giglio, V.J.; Luiz, O.J.; Schiavetti, A. Recreational Diver Behavior and Contacts with Benthic
Organisms in the Abrolhos National Marine Park, Brazil. Environ. Manag. 2016, 57, 637–648.

18. Rouphael, A.; Inglis, G. Take only photographs and leave only footprints?: An experimental study
of the impacts of underwater photographers on coral reef dive sites. Biol. Conserv. 2001, 100,
281–287.

19. Chung, S.S.; Au, A.; Qiu, J.W. Understanding the Underwater Behaviour of Scuba Divers in Hong
Kong. Environ. Manag. 2013, 51, 824–837.

20. Philips, L.P.; Szuster, B.W.; Needham, M.D. Tourist value orientations and conflicts at a marine
protected area in Hawaii. Int. J. Tour. Res. 2019, 21, 868–881.

21. Johnson, A.E.; Saunders, D.K. Time preferences and the management of coral reef fisheries.
Ecol. Econ. 2014, 100, 130–139.

22. Bentz, J.; Dearden, P.; Calado, H. Strategies for marine wildlife tourism in small islands—The
case of the Azores. J. Coast. Res. 2013, 65, 874–879.

23. Bentz, J.; Lopes, F.; Calado, H.; Dearden, P. Managing marine wildlife tourism activities: Analysis
of motivations and specialization levels of divers and whale watchers. Tour. Manag. Perspect.
2016, 18, 74–83.

24. De Brauwer, M.; Burton, M. Known unknowns: Conservation and research priorities for soft
sediment fauna that supports a valuable SCUBA diving industry. Ocean Coast. Manag. 2018, 160,
30–37.

25. Guzner, B.; Novplansky, A.; Shalit, O.; Chadwick, N.E. Indirect impacts of recreational scuba
diving: Patterns of growth and predation in branching stony corals. Bull. Mar. Sci. 2010, 86, 727–
742.



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 11/16

26. Hammerton, Z. Low-impact diver training in management of SCUBA diver impacts. J. Ecotourism
2017, 16, 69–94.

27. Camp, E.; Fraser, D. Influence of conservation education dive briefings as a management tool on
the timing and nature of recreational SCUBA diving impacts on coral reefs. Ocean Coast. Manag.
2012, 61, 30–37.

28. Giglio, V.J.; Ternes, M.L.F.; Mendes, T.C.; Cordeiro, C.; Ferreira, C.E.L. Anchoring damages to
benthic organisms in a subtropical scuba dive hotspot. J. Coast. Conserv. 2017, 21, 311–316.

29. Krieger, J.R.; Chadwick, N.E. Recreational diving impacts and the use of pre-dive briefings as a
management strategy on Florida coral reefs. J. Coast. Conserv. 2013, 17, 179–189.

30. Toyoshima, J.; Nadaoka, K. Importance of environmental briefing and buoyancy control on
reducing negative impacts of SCUBA diving on coral reefs. Ocean Coast. Manag. 2015, 116, 20–
26.

31. Hawkins, J.P.; Roberts, C.M.; Van’t Hof, T.; de Meyer, K.; Tratalos, J.; Aldam, C. Effects of
recreational scuba diving on Caribbean coral and fish communities. Conserv. Biol. 1999, 13, 888–
897.

32. Betti, F.; Bavestrello, G.; Fravega, L.; Bo, M.; Coppari, M.; Enrichetti, F.; Cappanera, V.; Venturini,
S.; Cattaneo-Vietti, R. On the effects of recreational SCUBA diving on fragile benthic species: The
Portofino MPA (NW Mediterranean Sea) case study. Ocean Coast. Manag. 2019, 182, 104926.

33. Bravo, G.; Marquez, F.; Marzinelli, E.M.; Mendez, M.M.; Bigatti, G. Effect of recreational diving on
Patagonian rocky reefs. Mar. Environ. Res. 2015, 104, 31–36.

34. Lloret, J.; Marin, A.; Marin-Guirao, L.; Carreno, M.F. An alternative approach for managing scuba
diving in small marine protected areas. Aquat. Conserv.-Mar. Freshw. Ecosyst. 2006, 16, 579–
591.

35. Rouphael, A.; Inglis, G. Impacts of recreational scuba diving at sites with different reef
topographies. Biol. Conserv. 1997, 82, 329–336.

36. Abidin, S.Z.Z.; Salim, N.; Badaruddin, M. Scuba divers’ underwater responsible behavior: A
comparison of divers’ specialization. In Hospitality and Tourism: Synergizing Creativity and
Innovation in Research; CRC Press: Boca Raton, FL, USA, 2014; pp. 509–514.

37. Ferrigno, F.; Bianchi, C.N.; Lasagna, R.; Morri, C.; Russo, G.F.; Sandulli, R. Corals in high
diversity reefs resist human impact. Ecol. Indic. 2016, 70, 106–113.

38. Fernandez, L.H.; Espinosa, Y.M.O.; Martin, T.F.; Fernandez, R.G.; Pardo, L.B.; Amargos, F.P.
Scuba diving incidence and carrying capacity of dive sites at Jardines de la Reina National Park,
Cuba. REVMAR-Rev. Cienc. Mar. Costeras 2016, 8, 9–27.



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 12/16

39. Abidin, S.Z.Z.; Mohamed, B. A Review of SCUBA Diving Impacts and Implication for Coral Reefs
Conservation and Tourism Management. In Proceedings of the SHS Web of Conferences: 4th
International Conference on Tourism Research, Kola Kinabalu, Malaysia, 9–11 December 2014;
Mydin, M.A.O., Marzuki, A., Eds.; EDP Sciences: Les Ulis, France, 2014; Volume 12.

40. Cajica, A.K.O.; Hinojosa-Arango, G.; Garza-Perez, J.R.; Rioja-Nieto, R. Seascape metrics, spatio-
temporal change, and intensity of use for the spatial conservation prioritization of a Caribbean
marine protected area. Ocean Coast. Manag. 2020, 194, 105265.

41. Wagar, J. The carrying capacity of wild lands for recreation. For. Sci. 1964, 10, 1–24.

42. Davis, D.; Tisdell, C. Economic management of recreational scuba diving and the environment. J.
Environ. Manag. 1996, 48, 229–248.

43. Dixon, J.A.; Scura, L.F.; van’t Hof, T. Ecology and Microeconomics as “Joint Products”: The
Bonaire Marine Park in the Caribbean; Environment Division, Latin America Technical
Department, The World Bank: Washington, DC, USA, 1993; p. 29.

44. Garrabou, J.; Sala, E.; Arcas, A.; Zabala, M. The Impact of Diving on Rocky Sublittoral
Communities: A Case Study of a Bryozoan Population. Conserv. Biol. 2008, 12, 302–312.

45. Dimmock, K.; Musa, G. Scuba Diving Tourism System: A framework for collaborative
management and sustainability. Mar. Policy 2015, 54, 52–58.

46. Fabinyi, M. Dive tourism, fishing and marine protected areas in the Calamianes Islands,
Philippines. Mar. Policy 2008, 32, 898–904.

47. de Groot, J.; Bush, S.R. The potential for dive tourism led entrepreneurial marine protected areas
in Curacao. Mar. Policy 2010, 34, 1051–1059.

48. Wongthong, P.; Harvey, N. Integrated coastal management and sustainable tourism: A case study
of the reef-based SCUBA dive industry from Thailand. Ocean Coast. Manag. 2014, 95, 138–146.

49. Roche, R.C.; Harvey, C.V.; Harvey, J.J.; Kavanagh, A.P.; McDonald, M.; Stein-Rostaing, V.R.;
Turner, J.R. Recreational Diving Impacts on Coral Reefs and the Adoption of Environmentally
Responsible Practices within the SCUBA Diving Industry. Environ. Manag. 2016, 58, 107–116.

50. Zhang, L.; Chung, S. Assessing the Social Carrying Capacity of Diving Sites in Mabul Island,
Malaysia. Environ. Manag. 2015, 56, 1467–1477.

51. Zhang, L.Y.; Qiu, J.W.; Chung, S.S. Assessing perceived crowding of diving sites in Hong Kong.
Ocean Coast. Manag. 2015, 116, 177–184.

52. Hammerton, Z. Determining the variables that influence SCUBA diving impacts in eastern
Australian marine parks. Ocean Coast. Manag. 2017, 142, 209–217.



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 13/16

53. Rangel, M.O.; Pita, C.B.; Goncalves, J.M.S.; Oliveira, F.; Costa, C.; Erzini, K. Developing self-
guided scuba dive routes in the Algarve (Portugal) and analysing visitors’ perceptions. Mar. Policy
2014, 45, 194–203.

54. Arin, T.; Kramer, R.A. Divers’ willingness to pay to visit marine sanctuaries: An exploratory study.
Ocean Coast. Manag. 2002, 45, 171–183.

55. Depondt, F.; Green, E. Diving user fees and the financial sustainability of marine protected areas:
Opportunities and impediments. Ocean Coast. Manag. 2006, 49, 188–202.

56. Gonzales-Mantilla, P.G.; Gallagher, A.J.; Leon, C.J.; Vianna, G.M.S. Economic impact and
conservation potential of shark-diving tourism in the Azores Islands. Mar. Policy 2022, 135,
104869.

57. Asafu-Adjaye, J.; Tapsuwan, S. A contingent valuation study of scuba diving benefits: Case study
in Mu Ko Similan Marine National Park, Thailand. Tour. Manag. 2008, 29, 1122–1130.

58. Schuhmann, P.W.; Casey, J.F.; Horrocks, J.A.; Oxenford, H.A. Recreational SCUBA divers’
willingness to pay for marine biodiversity in Barbados. J. Environ. Manag. 2013, 121, 29–36.

59. Emang, D.; Lundhede, T.H.; Thorsen, B.J. The role of divers’ experience for their valuation of
diving site conservation: The case of Sipadan, Borneo. J. Outdoor Recreat. Tour. Res. Plan.
Manag. 2020, 32, 100237.

60. Teh, L.C.L.; Teh, L.S.L.; Chung, F.C. A private management approach to coral reef conservation in
Sabah, Malaysia. Biodivers. Conserv. 2008, 17, 3061–3077.

61. Schoeman, K.; Van der Merwe, P.; Slabbert, E. The Perceived Value of a Scuba Diving
Experience. J. Coast. Res. 2016, 32, 1071–1080.

62. Tapsuwan, S.; Asafu-Adjaye, J. Estimating the Economic Benefit of SCUBA Diving in the Similan
Islands, Thailand. Coast. Manag. 2008, 36, 431–442.

63. Cater, C.; Albayrak, T.; Caber, M.; Taylor, S. Flow, satisfaction and storytelling: A causal
relationship? Evidence from scuba diving in Turkey. Curr. Issues Tour. 2021, 14, 1749–1767.

64. Salmona, P.; Verardi, D. The marine protected area of Portofino, Italy: A difficult balance. Ocean
Coast. Manag. 2001, 44, 39–60.

65. Augustine, S.; Dearden, P.; Rollins, R. Are changing diver characteristics important for coral reef
conservation? Aquat. Conserv.-Mar. Freshw. Ecosyst. 2016, 26, 660–673.

66. Culhane, F.E.; Robinson, L.A.; Lillebø, A.I. Approaches for Estimating the Supply of Ecosystem
Services: Concepts for Ecosystem-Based Management in Coastal and Marine Environments. In
Ecosystem-Based Management, Ecosystem Services and Aquatic Biodiversity; Springer
International Publishing: Cham, Switzerland, 2020; pp. 105–126.



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 14/16

67. Arcos-Aguilar, R.; Favoretto, F.; Kumagai, J.A.; Jimenez-Esquivel, V.; Martinez-Cruz, A.L.; Aburto-
Oropeza, O. Diving tourism in Mexico—Economic and conservation importance. Mar. Policy 2021,
126, 104410.

68. Tsilimigkas, G.; Rempis, N. Spatial planning framework, a challenge for marine tourism
development: Location of diving parks on Rhodes island, Greece. Environ. Dev. Sustain. 2021,
23, 15240–15265.

69. De Brauwer, M.; Saunders, B.J.; Ambo-Rappe, R.; Jompa, J.; McIlwain, J.L.; Harvey, E.S. Time to
stop mucking around? Impacts of underwater photography on cryptobenthic fauna found in soft
sediment habitats. J. Environ. Manag. 2018, 218, 14–30.

70. Oh, C.O.; Ditton, R.B.; Stoll, J.R. The economic value of scuba-diving use of natural and artificial
reef habitats. Soc. Nat. Resour. 2008, 21, 455–468.

71. Sorice, M.G.; Oh, C.O.; Ditton, R.B. Managing scuba divers to meet ecological goals for coral reef
conservation. Ambio 2007, 36, 316–322.

72. Needham, M.D.; Szuster, B.W.; Mora, C.; Lesar, L.; Anders, E. Manta ray tourism: Interpersonal
and social values conflicts, sanctions, and management. J. Sustain. Tour. 2017, 25, 1367–1384.

73. Zhang, L. Carrying Capacity Assessment of Diving Sites in Hong Kong and Malaysia. Ph.D.
Thesis, Hong Kong Baptist University, Hong Kong, China, 2016.

74. Rios-Jara, E.; Galvan-Villa, C.M.; Rodriguez-Zaragoza, F.A.; Lopez-Uriarte, E.; Munoz-
Fernandez, V.T. The Tourism Carrying Capacity of Underwater Trails in Isabel Island National
Park, Mexico. Environ. Manag. 2013, 52, 335–347.

75. Needham, M.D.; Szuster, B.W.; Lesar, L.; Mora, C.; Knecht, D.P. Snorkeling and scuba diving,
with manta rays: Encounters, norms, crowding, satisfaction, and displacement. Hum. Dimens.
Wildl. 2018, 23, 461–473.

76. Ha, N.T.; Cong, L.; Wall, G. China’s scuba divers’ marine-based environmental behaviors. J.
Sustain. Tour. 2020, 29, 616–638.

77. Hunt, C.V.; Harvey, J.J.; Miller, A.; Johnson, V.; Phongsuwan, N. The Green Fins approach for
monitoring and promoting environmentally sustainable scuba diving operations in South East
Asia. Ocean Coast. Manag. 2013, 78, 35–44.

78. Lucrezi, S.; Saayman, M. Sustainable scuba diving tourism and resource use: Perspectives and
experiences of operators in Mozambique and Italy. J. Clean. Prod. 2017, 168, 632–644.

79. Giglio, V.J.; Luiz, O.J.; Schiavetti, A. Marine life preferences and perceptions among recreational
divers in Brazilian coral reefs. Tour. Manag. 2015, 51, 49–57.

80. Byrnes, T.; Buckley, R.; Howes, M.; Arthur, J.M. Environmental management of boating related
impacts by commercial fishing, sailing and diving tour boat operators in Australia. J. Clean. Prod.



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 15/16

2016, 111, 383–398.

81. Jameson, S.C.; Ammar, M.S.A.; Saadalla, E.; Mostafa, H.M.; Riegl, B. A coral damage index and
its application to diving sites in the Egyptian Red Sea. Coral Reefs 1999, 18, 333–339.

82. Hawkins, J.P.; Roberts, C.M. Estimating the carrying capacity of coral reefs for SCUBA diving. In
Proceedings of the 8th International Coral Reef Symposium, Balboa, Panama, 24–29 June 1996;
Lessios, H.A., Macintyre, I.G., Eds.; Smithsonian Tropical Research Institute: Balboa, Panama,
1997; Volume 2, pp. 1923–1926.

83. Stankey, G.; Mccool, F. Managing recreation use of marine resources through the Limits of
Acceptable Change planning system. In Proceedings of the First World Congress on Tourism and
the Environment, Belize City, Belize, 26–30 April 1992.

84. Rouphael, A.; Hanafy, M. An Alternative Management Framework to Limit the Impact of SCUBA
Divers on Coral Assemblages. J. Sustain. Tour. 2007, 15, 91–103.

85. Tony, A.B.R. Adaptive management in context of MPAs: Challenges and opportunities for
implementation. J. Nat. Conserv. 2020, 56, 125864.

86. Thurstan, R.H.; Hawkins, J.P.; Neves, L.; Roberts, C.M. Are marine reserves and non-
consumptive activities compatible? A global analysis of marine reserve regulations. Mar. Policy
2012, 36, 1096–1104.

87. Hasler, H.; Ott, J.A. Diving down the reefs? Intensive diving tourism threatens the reefs of the
northern Red Sea. Mar. Pollut. Bull. 2008, 56, 1788–1794.

88. Lloret, J.; Riera, V. Evolution of a Mediterranean Coastal Zone: Human Impacts on the Marine
Environment of Cape Creus. Environ. Manag. 2008, 42, 977–988.

89. Todd, S.L.; Cooper, T.; Graefe, A.R. SCUBA diving & underwater cultural resources: Differences in
environmental beliefs, ascriptions of responsibility, and management preferences based on level
of development. In Proceedings of the 2000 Northeastern Recreation Research Symposium,
Newtown Square, PA, USA, 2–4 April 2000; USDA: Newton Square, PA, USA, 2000; Volume 276,
pp. 131–140.

90. Flores-de la Hoya, A.; Godinez-Dominguez, E.; Gonzalez-Sanson, G. Rapid assessment of
coastal underwater spots for their use as recreational scuba diving sites. Ocean Coast. Manag.
2018, 152, 1–13.

91. Zhang, L.Y.; Chung, S.S.; Qiu, J.W. Ecological carrying capacity assessment of diving site: A case
study of Mabul Island, Malaysia. J. Environ. Manag. 2016, 183, 253–259.

92. Hammerton, Z. Risk assessment of SCUBA diver contacts on subtropical benthic taxa. Ocean
Coast. Manag. 2018, 158, 176–185.



Approach to Existing Management Perspectives in Scuba Diving | Encyclopedia.pub

https://encyclopedia.pub/entry/55788 16/16

93. Emang, D.; Lundhede, T.H.; Thorsen, B.J. Funding conservation through use and potentials for
price discrimination among scuba divers at Sipadan, Malaysia. J. Environ. Manag. 2016, 182,
436–445.

94. Johnson, A.E.; Jackson, J.B.C. Fisher and diver perceptions of coral reef degradation and
implications for sustainable management. Glob. Ecol. Conserv. 2015, 3, 890–899.

Retrieved from https://encyclopedia.pub/entry/history/show/125695


