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Snorkeling is a popular recreational activity in shallow water of coastal ecosystems. Because snor-

keling is commonly assumed to cause comparatively fewer potential impacts to the marine biota than 

scuba diving, management is generally focused on the latter. We investigated the behavior of snorkel-

ers aiming to quantify their interactions with benthic reef sessile organisms and sea turtles. We also 

compared the behavior of snorkelers with scuba divers to assess which group of divers is more dam-

aging to the reef biota. Finally, we compared the use of conventional and nonconventional sampling 

approaches through analysis of social media images to evaluate the reliability of different approaches 

to investigate the behavior of underwater recreationists. Snorkelers were observed during 5 min; 

their interactions with benthic organisms were recorded and compared with scuba diver’s behavior. 

Snorkelers’observations were carried out with and without the presence of sea turtles and compared 

with videos from social media. Videos were extracted from YouTube through a search using key-

words and analyzed to quantify the number of interactions of divers with the benthic organisms. 

Snorkelers caused 33% more contacts and 70% more damage to benthic reef organisms than scuba 

divers. Most interactions were over the zoanthid Palythoa caribaeorum, which received ~80% of 

contacts and ~30% of damage. The contact rate of snorkelers with benthic organisms increased 5.5-

fold when they interacted with sea turtles. Snorkelers sampled through direct observation accounted 

for more contacts with benthic reef organisms than those observed in social media videos, whereas 

higher rates of behavioral disturbance to sea turtles were observed in snorkelers sampled in social 

media videos. As the videos from social media focused on sea turtle watching, they overestimated 

the amount of snorkelers–sea turtles’ interactions but underestimated the amount of contacts with 

benthic organisms. Our results revealed that snorkeling in shallow waters <2 m deep may represent 

a considerable amount of impacts to reef benthic sessile organisms and such impacts significantly 

increase during sea turtle watching.
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Introduction

The popularity of marine wildlife tourism—the 

practice of observing wild animals in their natural 

environment—is increasing globally. The number 

of participants is estimated to be between 79 and 

440 million and still increasing (Moorhouse et al., 

2015). Among marine tourism activities, diving is 

one of the most important due to the considerable 

number of participants and socioeconomic impor-

tance, providing benefits for many coastal communi-

ties (Spalding et al., 2017). In Southeast Asia, scuba 

diving tourism is worth more than US$150 million 

annually, employing 2,200 people (De Brauwer et 

al., 2017). In Mexico, a recent study revealed diving 

sites generate gross revenues ranging from US$455 

million to US$725 million annually. Such values 

are comparable to those generated by Mexican 

artisanal and industrial fisheries together (Arcos-

Aguilar et al., 2021). Besides, there are many stud-

ies describing the economic benefits of shark diving 

throughout the world, with positive effects on shark 

conservation policies (Mustika et al., 2020; Pires et 

al., 2016; Zimmerhackel et al., 2019).

Diving tourism may provide alternative liveli-

hoods that reduce reef exploitation by local users, 

thereby minimizing local impacts on reefs from 

extractive activities (Lowe & Tejada, 2019). There 

are several types of recreational diving practiced in 

marine environments, including scuba diving, snor-

keling (swimming while using a mask and a snor-

kel), and snuba (a form of surface-supplied diving 

that uses an underwater breathing system). Another 

important characteristic of the diving tourism seg-

ment is the benefits provided to human health and 

well-being through physical practice and contact 

with nature, mainly by reducing stress levels and 

improving the mood of divers (Beneton et al., 

2017; Gregory & Dimmock, 2019).

This study investigates the potential impacts of 

different recreational diving activities in a subtropi-

cal reef environment that receives a large number 

of tourists annually. In the next section, we present 

a background including a short literature review 

about the ecological impacts and management of 

recreational diving followed by the research aims.

Background

Recreational diving activities may cause detri-

mental effects on benthic reef assemblages (Calò et 

al., 2022; reviewed in Giglio et al., 2020). After the 

popularization of diving in the late 1980s, highly 

visited sites in tropical coral reefs showed declines 

of reef health condition related to increase diving 

visitation. Benthic sampling studies revealed a 

marked positive correlation with increase of physi-

cal damage in corals and increase in visitation from 

scuba diving (Hawkins & Roberts, 1992) and snor-

keling (Allisson, 1996). Such findings raised con-

cerns among researchers and managers, resulting 

in efforts to develop and implement management 

strategies aiming to the sustainability of diving 

tourism. Among the strategies, the most common 

were spatial zoning, the establishment of carrying 

capacity to limit the number of visitors (Davis & 

Tisdell, 1995), and the improvement in predive 

briefing to promote low-impact diving behavior 

techniques (Medio et al., 1997).

Scuba divers can damage reefs through mechani-

cal contacts with benthic organisms mainly through 

fin kicks (Lyons et al., 2015; Rouphael & Inglis, 

2002). At shallow reefs, snorkelers may damage 

benthic organisms through fin kicks and trampling 

(Hannak et al., 2011; Nestor et al., 2018). Stony 

corals, sponges, gorgonians, and other branching 

organisms are usually considered most susceptible 

to diving impacts because of their fragile three-

dimensional structure and filter-feeding habits (Au 

et al., 2014; Casoli et al., 2017; Lamb et al., 2014). 

When diving tourism is intense and poorly man-

aged, reef biota can suffer from cumulative div-

ing impacts over the years, leading to detrimental 

effects such as loss of structural complexity and 

decrease of diversity (Lyons et al., 2015). Such 

changes may have consequences for the entire reef 
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system, decreasing the delivery of ecosystem goods 

and services (Pratchett et al., 2014). Moreover, the 

loss of reef structural complexity may decrease 

the productivity (Rogers et al., 2018) and reduce 

their resilience against climate change (Duffy et al., 

2016).

In addition to benthic reef sessile organisms, 

mobile animals like fishes and sea turtles can also 

be affected by unregulated diving activities (Griffin 

et al., 2017; Teresa et al., 2011). The closer contact 

with humans may result in physical contacts and/

or evasive behavior through short-term behavioral 

change and movements to other sites to avoid the 

interaction. For instance, presence of snorkelers 

may cause damselfishes to decrease their foraging 

time by 50% (Benevides et al., 2019) and cause sig-

nificant shifts in fish assemblage structure such as 

short-term behavioral responses (Albuquerque et al., 

2014). Scuba divers’ approach to juvenile hawks-

bill turtle Eretmochelys imbricata causes them to 

decrease rates of eating and breathing (Hayes et 

al., 2016). Despite these indicators of short-term 

effects, the effects of cumulative disturbance from 

marine wildlife tourism remain poorly known.

An increasing number of studies have investi-

gated the behavior of scuba divers and their poten-

tial impacts on benthic reef sessile assemblages 

(e.g., Hammerton, 2017; Roche et al., 2016; Toyo-

shima & Nadaoka, 2015; Worachananant et al., 

2008), but snorkelers have been less frequently 

studied. Only 13% of 67 published peer-reviewed 

studies that investigated the potential impacts 

of divers on benthic organisms focused on snor-

keling (Giglio et al., 2020). This occurs, in part, 

because snorkelers are considered to cause fewer 

contacts with benthic organisms since they spend 

most of their time on the water surface. However, 

a determinant of the potentially damaging behavior 

of snorkelers is the depth of the reef, because on 

shallow reefs people can stand or walk on the reef 

(Hannak et al., 2011; Leujak & Ormond, 2008). 

For instance, in the Great Barrier Reef (Australia), 

a small number of snorkelers caused marked dete-

rioration in the health condition of coral assem-

blages (Plathong et al., 2000). Moreover, on highly 

visited snorkeling sites of Mexican tropical coral 

reefs, hard coral cover decreased and macroalgal 

cover increased significantly compared with sites 

that received fewer visitors (Renfro & Chadwick, 

2017). These impacts are more detrimental in shal-

low waters and with snorkelers being inexperi-

enced (Allison, 1996).

Assessing the potential impacts caused by rec-

reational activities, especially in protected areas, 

is imperative to assist in management strategies 

and conservation policies. Given the increasing 

demand for data to support management of the 

growing marine wildlife tourism and recreational 

activities sector, social media have arisen as an 

alternative source of information (Sbragaglia et 

al., 2020; Toivonen et al., 2019). Recent studies 

have assessed videos from social media to provide 

insights on detrimental behaviors of recreational 

divers to corals (De et al., 2020) and recreational 

fishers’ catch (Giovos et al., 2018; Roos & Longo, 

2021; Sbragaglia et al., 2020). Thus, the use of 

social media has proven to be a relevant alternative 

approach to collect data from recreational activities.

Study Aims

We investigated the behavior of snorkelers aim-

ing to quantify their interactions with reef benthic 

sessile organisms and sea turtles in a Brazilian sub-

tropical diving hotspot. Specifically, we asked: i) 

Are snorkelers potentially more damaging to sessile 

reef organisms than scuba divers? ii) Do snorkelers 

increase rates of potentially damaging behaviors to 

reef biota (i.e., touching and breaking organisms) 

during sea turtle watching? Finally, we compared 

the behavior of snorkelers using conventional 

(direct in-water observation) and unconventional 

(videos from social media) sampling approaches 

to provide insights on the reliability of noncon-

ventional approaches to investigate the behavior of 

underwater recreationists.

Methodology

Study Site

The fieldwork was conducted in Arraial do 

Cabo (22°58′S; 42°00′W), southeastern Brazil 

(Fig. 1). Rocky reefs of Arraial do Cabo harbor 

a rich benthic community, but turf algae and the 

zoanthid Palythoa caribaeorum covers up to 40% 

of the substrate (Aued et al., 2018; Rogers et al., 

2014). Hard corals cover about 13% of the reef 
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and are composed primarily of the hydrocoral Mil-

lepora alcicornis and the scleractinian corals Sid-

erastrea stellata and Mussismilia hispida (Lima & 

Coutinho, 2015; Rogers et al., 2014). The observa-

tion of snorkelers was conducted in Forno beach 

(1–3 m deep), while scuba divers were observed 

in Cardeiros and Ilha dos Porcos dive sites (3–10 

m deep) (Fig. 1). The reefs in Arraial do Cabo are 

influenced by a seasonal coastal upwelling, which 

promotes the co-occurrence of tropical and sub-

tropical marine communities on a small spatial 

scale and enhances local biodiversity (Cordeiro et 

Figure 1. Sampled sites in rocky reefs of Arraial do Cabo, Brazil. (a) Dive sites samples: snorkelers 

were sampled in Forno beach and scuba divers [data from Giglio et al. (2018)] were sampled in Car-

deiros and Ilha dos Porcos. (b) Reef area sampled in Forno beach.



Delivered by Ingenta
IP: 187.63.152.66 On: Sat, 04 Feb 2023 12:37:35

Article(s) and/or figure(s) cannot be used for resale. Please use proper citation format when citing this article
including the DOI, publisher reference, volume number and page location.

	 SNORKELERS INTERACTIONS WITH REEF BIOTA	 253

al., 2016). Since 1997, Arraial do Cabo has been 

part of a partially protected marine area (Arraial 

do Cabo Marine Extractive Reserve), where only 

the local traditional population is allowed to fish 

(Barbosa et al., 2021). In addition to fishing, 

Arraial do Cabo receives a large number of differ-

ent types of tourists interested in its scenic beauty 

and clear waters.

Arraial do Cabo is considered a diving hotspot in 

Brazil, receiving more than 50,000 dives per year 

including scuba, snorkeling, and discovery/bap-

tism dives (author’s personal communication). The 

increase in tourist activities on the reefs of Arraial 

do Cabo has been a matter of concern due to reef 

damage caused by divers (Giglio et al., 2017), high 

pressure from recreational fishing (Barbosa et al., 

2021), and plastic litter (Silva et al., 2018). Such 

tourism-related impacts acting synergistically with 

other anthropogenic impacts such as overfishing of 

commercial fisheries (Bender et al., 2014; Foglia-

rini et al., 2021), invasive species (Batista et al., 

2017), and pollution (Cardozo-Ferreira et al., 2021) 

have caused continuous decline of cover and erod-

ing health of hard corals and gorgonians (Cassola et 

al., 2016; Rogers et al., 2014).

Data Collection

Direct Observations. A total of 145 boat-based 

snorkelers at Forno beach were haphazardly selected 

and followed during 5-min periods in which their 

behavior was recorded. Sampling occurred for 14 

days between December 2015 and January 2016 

totaling ~12 hr of observation. Observers remained 

behind the subjects posing as tourists to avoid being 

perceived as researchers. Nevertheless, if a subject 

perceived that she/he was being observed, the data 

were discarded. All physical contacts between the 

snorkeler and benthic reef organisms were recorded. 

Benthic reef organisms were categorized in four 

major groups: zoanthid (P. caribaeorum), branch-

ing coral (M. alcicornis), massive corals (M. hispida 

and S. stellata). and sponges (Aplysina sp.). These 

organisms were chosen because they are among 

the most abundant and most touched and damaged 

by scuba divers in Arraial do Cabo (Giglio et al., 

2018). Snorkeler–reef interactions were categorized 

as “physical contact” or “damage.” While the lat-

ter results in physical damage to the organism, such 

as breakage or tissue lesion, the former does not 

result in any visible damage. Data from the behav-

ior of boat-based scuba divers in Arraial do Cabo 

was obtained from Giglio et al. (2018), who used 

the same approach and data collector to observe the 

behavior of 94 subjects. Scuba diving sites were 

usually deeper than snorkeling sites, with depths 

ranging from 3 to 10 m while the depth of snorkel-

ing sites ranged from 1 to 3 m. It is important to note 

that data from Giglio et al. (2018) refers to scuba 

diver observation from boat-based diving during the 

entire dive time while data from this study is from 

a 5-min sampling. Both snorkeling and scuba div-

ing navigation are parallel to the shore; practitioners 

stay close to the rocky reef and associated biota. 

Despite the differences in sampling time between 

the two studies, the data can be compared because 

the rate of physical contact of divers with the ben-

thic reef organisms was standardized as the number 

of contacts per minute.

We also recorded the behavior of snorkelers dur-

ing sea turtle watching through direct observations. 

Arraial do Cabo is an important feeding ground for 

juveniles and subadults of green turtles Chelonia 

mydas, which occurs in higher abundances in feed-

ing areas located in shallow rocky reefs (Mello-

Fonseca et al., 2021). An encounter with a sea 

turtle (described here as watching) was recorded 

when a snorkeler sighted an individual and inten-

tionally approached the animal at a distance of less 

than 2 m. During sea turtle watching, we recorded 

whether the diver caused behavioral disruptions in 

sea turtles (i.e., when the sea turtle quickly changed 

swimming direction or swam faster to avoid 

approaching the snorkeler) and whether physical 

contact occurred between snorkelers and sea tur-

tles (e.g., the snorkeler chased and touched the sea 

turtle). It is important to note the observer always 

remained at a distance of >2 m from the snorkeler, 

and some behavior could not be observed due to the 

distance. Thus, the number of interactions reported 

here may be underestimated.

Social Media Videos. A systematic search was 

conducted to find uploaded videos on the open-

access video-sharing platform YouTube in June 

2021. Searches were conducted using the Portu-

guese/English keywords: mergulho OR apneia OR 
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snorkeling AND Arraial do Cabo AND Praia do 

Forno. Videos resulting from the preliminary search 

were further scrutinized to confirm if they were 

recorded in Arraial do Cabo through legends, oral 

explanation, comments, reef characteristics, and 

landmarks. Additional videos suggested as related 

videos on YouTube were also checked and if they 

met the criteria were added to the database. All vid-

eos were downloaded and analyzed with the final list 

comprising 40 videos and 133 min of observation. 

All videos were analyzed by a unique researcher 

(BMS) to avoid sampling bias. Data recorded were: 

1) the duration of the video; 2) the number of physi-

cal interactions (contact or damage) of the snorkeler 

with benthic sessile reef organisms; 3) if a sea turtle 

was sighted; and if yes 4) the number of behavioral 

disruptions that snorkeler caused in sea turtles; and 

5) the number of physical contacts with sea turtles.

Data Analysis

Because the sampling duration differed among 

snorkeler direct observation, scuba diver observa-

tion, and the videos, we standardized the number 

of interactions (contact and damage) per minute. 

We used Mann–Whitney U tests to compare: a) 

the rate of contact and damage with benthic organ-

isms between snorkelers and scuba divers; b) the 

rate of contact and damage of each group of benthic 

organisms between snorkelers and scuba divers, 

and c) the rate of contact with benthic organisms 

and behavioral disturbance in sea turtles recorded 

among snorkelers sampled through direct observa-

tions and videos from social media. The correlation 

between the rates of diver–reef interaction and the 

number of sighted sea turtles was tested using the 

Kendall rank correlation coefficient since data had 

neither a normal distribution nor a homogeneous 

variance. All analyses were conducted in the R 

software v. 3.6.2 (https://www.R-project.org/) at a 

significance level of p < 0.05.

Results

Direct Observation of the Behavior 

of Snorkelers and Scuba Divers

We recorded contact with benthic organisms 

totaling 358 events caused by 43% of the 145 snor-

kelers sampled and damage to benthic organisms in 

56 events caused by 18% of snorkelers. The average 

rate of snorkelers’ contacts and damage to benthic 

reef organisms per minute was 0.35 ± 0.05 (±SE) 

and 0.07 ± 0.02, respectively. Among scuba div-

ers, contact with benthic organisms was observed 

in 70% (n = 946) of the 96 scuba divers samples 

and physical damage was observed in 7% (n = 66) 

of these contacts. The rate of contacts and dam-

age per minute was 0.24 ± 0.05 and 0.02 ± 0.004, 

respectively. We did not find a significant differ-

ence in the rate of contact per minute with benthic 

reef organisms between snorkelers and scuba div-

ers; however, snorkelers caused significantly more 

damage to the benthos (W = 6170, p = 0.02; Fig. 2).

Figure 2. Rates (mean + SD) of contacts and damage on benthic reef 

organisms between snorkelers and scuba divers.  *p < 0.05.

http://www.R-project.org/)at
http://www.R-project.org/)at
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The organisms that suffered the highest rate of 

contact by both snorkelers and divers were zoan-

thids followed by sponges. However, the snorkeler 

contact rate with zoanthids was significantly higher 

than that of scuba divers (W = 4846, p < 0.001; 

Fig. 3a). On the other hand, the contact rate with 

massive corals was higher for divers compared to 

snorkelers (W = 3320, p = 0.004; Fig. 3a). Finally, 

the organisms that received the highest damage rate 

were zoanthids and branching corals but damage on 

branching corals was significantly higher for snor-

kelers than for scuba divers (W = 3980, p = 0.03; 

Fig. 3b).

Snorkelers During Sea Turtle Watching Cause 

More Damaging Behaviors to Reef Biota

A total of 54 snorkelers sighted a sea turtle at 

least once during our sampling, representing 35% 

of the total. We found a significant weak positive 

correlation between the contact rate of snorkelers 

with benthic reef organisms and the number of sea 

turtles sighted (p < 0.001; Fig. 4). Snorkelers dur-

ing sea turtle watching behaved differently, caus-

ing more interactions (contacts and damage) with 

the benthic reef organisms. The 91 snorkelers who 

did not cause behavioral disruptions in sea turtles 

exhibited 0.27 ± 0.06 contacts.min
−1

 with ben-

thic reef organisms, while those snorkelers who 

caused behavioral disruptions in sea turtles (n = 9) 

accounted for 1.48 ± 0.48 contacts.min
−1

.

Comparing the Behavior of Snorkelers 

Assessed From Direct Observation 

and Images From Social Media

From the total of 40 social media videos ana-

lyzed, in 17.5% snorkelers touched or caused 

Figure 3. Rates (mean + SD) of (a) contacts and (b) damage between snorkelers and scuba divers 

on reef benthic organisms. *p < 0.05, **p < 0.01, ***p < 0.001.
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physical damage to benthic reef organisms, and in 

95.5% they caused behavioral disruptions to sea tur-

tles. In contrast, among snorkelers sampled through 

direct observation, 43.4% of the subjects touched 

or caused physical damage to benthic organisms, 

and 24.1% caused behavioral disruptions to sea 

turtles. Snorkelers sampled through direct obser-

vation accounted for significantly more contacts 

with benthic reef organisms than those observed in 

social media videos (W = 3695, p = 0.002), whereas 

significantly higher rates of behavioral disturbance 

to sea turtles were observed in snorkelers sampled 

in social media videos (W = 770, p < 0.001; Fig. 5).

Discussion

Our results revealed that snorkelers caused more 

damage to benthic reef organisms than scuba div-

ers. Such results contrast with previous findings 

that snorkelers tend to have a less harmful behavior 

because they remain most of the time on the sur-

face away from the reef benthos (Meyer & Holland, 

2008). However, we found that snorkelers were 

responsible for 33% more contacts and 70% more 

damage to benthic organisms than scuba divers. 

Scuba diving usually is practiced on deeper reefs 

than snorkeling. In Arraial do Cabo, the depth of 

sites where the behavior of scuba divers was sam-

pled ranged from 3 to 10 m, while the sites where 

snorkelers were evaluated ranged from 1 to 3 m. 

However, snorkelers remained most of the time 

close to the reef in areas shallower than about 2 m 

deep. Such differences in depth may explain the 

greater amount of potentially damaging behavior 

by snorkelers. Snorkelers’ contacts with the reef 

were mostly limited to the shallower areas where 

they inadvertently kicked benthic reef organisms, 

or intentionally stood or trampled on the reef. Such 

intentional behavior has been reported as common 

mainly among inexperienced snorkelers (Hannak et 

al., 2011; Plathong et al., 2000). In places where 

snorkeling is practiced at depths deeper than 2 m, 

visitors are less likely to damage benthic organisms 

(Meyer & Holland, 2008) because people stay lon-

ger at the surface and are unable to trample the reef.

Arraial do Cabo has emerged as one of the most 

visited scuba diving destinations on the Brazilian 

coast (Giglio et al., 2017), and is also a frequently 

visited destination among snorkelers. However, 

unlike scuba divers, most snorkelers in our study 

area are inexperienced, with many practicing 

the activity for the first time. The snorkelers we 

observed on the reefs at Forno beach were boat-

based visitors who arrived there using nautical 

Figure 4. Relationship between the number of physical interactions (contact 

and damage) of snorkelers with benthic organisms and the number of sea 

turtles sighted. Gray dots represent sample values, black dots are means, and 

deviations are standard errors.
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tourism boats where they rent snorkeling gear and 

have little or no experience with the activity. Among 

the detrimental behaviors observed, the most com-

mon was standing on the reef while adjusting the 

equipment, communicating with buddies, or rest-

ing. We also recorded other detrimental behaviors, 

such as snorkelers chasing and handling animals to 

take pictures (Fig. 6). Such a scenario reinforces the 

urgent need to rethink the educational practices of 

tourism within a marine protected area, as well as 

to train tourism professionals to act in accordance 

with the practices that align with the norms and 

objectives of the Arraial do Cabo Marine Extrac-

tive Reserve.

Despite the great potential of snorkeling to 

cause detrimental effects on reef biota, there are 

no carrying capacity assessments to determine the 

sustainable limits of visitors in dive sites of Arraial 

do Cabo. Coral reefs that receive large numbers of 

snorkelers in an uncontrolled manner can undergo 

profound changes in the structure of their benthic 

communities from coral dominance towards mac-

roalgae dominance (Renfro, 2016; Renfro & Chad-

wick, 2017). A high number of snorkelers visit 

the Forno beach, mainly through nautical tourism 

boats. Nautical tourism is the main business activ-

ity in Arraial do Cabo (Ministério do Meio Ambi-

ente, 2011), with more than 175 boats working 

in the area. In a single day during the peak of the 

austral summer season, we observed more than 400 

snorkelers during the day at rocky reefs of Forno 

beach dive site, which has a small area (<400 m
2
) 

Figure 5. Number of interactions (mean ± SD) between snorkelers and reef 

biota, and between snorkelers and sea turtles observed through direct observa-

tion and videos from social media. *p < 0.05, **p < 0.01, ***p < 0.001.
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(authors’ personal observation). The consequences 

of this overuse on benthic communities have been 

verified in previous surveys as synergistic damage 

in corals, increased macroalgal cover (Rogers et al., 

2014), and declines in the health of some organisms 

(Cassola et al., 2016). Tourists in the region have 

poor knowledge about reef organisms in general 

(Oigman-Pszczol et al., 2007), and many snorkel-

ers do not recognize the presence of living organ-

isms in the rocks they trample on. Such ignorance 

of snorkeler impacts on marine life is of major con-

cern since tourists are likely to cause a considerable 

amount of damage to benthic organisms (Giglio et 

al., 2020; Trave et al., 2017).

Another characteristic that increased damaging 

behavior to benthic reef organisms was sea turtle 

watching. Sea turtles are important attractions for 

divers in many destinations (Giglio et al., 2015; 

Hayes et al., 2016; Marconi et al., 2020). The 

contact rate of snorkelers with benthic organisms 

increased 5.5-fold when they interacted with a sea 

turtle. When a sea turtle was sighted, snorkelers usu-

ally chased the individual to take pictures or touch 

it with their hands. When snorkelers are taking 

video or chasing sea turtles they are distracted from 

maintaining proper buoyancy in the water and con-

sequently tend to make more inadvertent contacts 

with benthic reef organisms, resulting in damage 

to the reef environment. In Arraial do Cabo, sea 

turtles are abundant and usually four or more indi-

viduals are sighted during a 30-min snorkeling ses-

sion (authors’ personal observation). Most of these 

individuals are juvenile or subadult green turtles 

(C. mydas) that use the areas as a feeding ground, 

although hawksbill turtles (E. imbricata) are also 

recorded in the region (Mello-Fonseca et al., 2021). 

This is a major cause for concern, not only due to 

direct negative impacts that snorkelers exert on sea 

turtles that may decrease their feeding rate and aug-

menting the rate of escape to other locations, but 

also the substantial increase in damage to the ben-

thic reef organisms during these encounters.

The most common response behavior of the sea 

turtles to divers was to escape by swimming away 

quickly. Hayes et al. (2016) found that interactions 

with snorkelers reduce the time hawksbill turtles 

spend breathing and foraging. These behavioral 

disruptions are energetically expensive and may be 

Figure 6. Interactions between snorkelers and marine biota observed in the videos. (a) Snorkeler chasing a sea turtle to take a 

selfie. (b) Selfie with a snorkeler touching a sea turtle. (c) Tourists handling a sea turtle. (d) A pufferfish out of the water for a 

picture. Snapshots from the analyzed videos from social media. Figures were mischaracterized to avoid people’s identification.
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linked to long-term population effects on sea turtle 

growth and fecundity (Meadows, 2004). In Brazil, 

as a result of conservation actions that have been 

carried out in the last three decades, green turtles 

have left the official list of threatened species 

(Ministério do Meio Ambiente, 2022). However, 

they remain classified as endangered at a global 

level (Seminoff, 2004). The main causes of the cur-

rent conservation status of the species are the inten-

tional harvests of eggs and adults, the bycatch in 

marine fisheries, and habitat degradation at nesting 

beaches and feeding areas (Seminoff, 2004). On 

the other hand, several species mitigate the effect 

of human disturbance through habituation and 

short-term responses, such as avoidance responses 

(Bateman & Fleming, 2017). In the Mediterranean, 

the loggerhead sea turtle Caretta caretta does not 

change its behavioral patterns in areas with high 

pressure from boats and snorkelers, remaining in 

the same area (Papafitsoros et al., 2021). More 

research is still needed to understand what drives 

sea turtles to scare away or become used to divers. 

In addition, research should focus on evaluating the 

cumulative effects on sea turtle behavior caused by 

divers approaching, as well as developing strate-

gies to mitigate these potential negative impacts.

Obtaining information on human and mobile 

megafauna interactions in the water is logistically 

challenging. Social media has appeared as an alter-

native tool to assess these interactions, as a large 

number of photos and videos of tourists and marine 

organisms are posted every day around the world. 

However, we caution against using social media 

as a proxy to estimate human and wildlife interac-

tions. Images may be altered by cutting and editing 

to deliberately show interactions with the species 

considered to be more interesting, as observed in 

our study. As sea turtles are the main attraction for 

most snorkelers in our study area, video edits tend 

to concentrate on such interactions, increasing the 

frequency of these records compared to directly 

observed snorkelers. Snorkelers usually chase sea 

turtles to get photos as close as possible, take self-

ies, and even touch the animals (Leitão et al., 2022) 

(Fig. 5). Thus, the frequency of interactions with 

a given organism may be overestimated if people 

want to post images interacting with sea turtles. 

On the other hand, we recorded a smaller number 

of contacts between snorkelers with the benthic 

community in social media than in direct observa-

tions. Edits of the images focusing on the charis-

matic megafauna (i.e., sea turtles) make analysis of 

reef impacts difficult and the consequent physical 

interactions between snorkelers and benthic organ-

isms underrepresented. In addition, contacts with 

the reef can simply not be captured by the camera, 

since the snorkeler’s upper body is usually in the 

frame when videos and images are self-recorded. 

However, social media can still provide relevant 

information on qualitative aspects of potentially 

damaging behavior by recreational divers and snor-

kelers (De et al., 2020; Leitão et al., 2022).

Conclusion

Snorkelers in shallow waters <2 m deep may 

cause more damaging behavior to reef benthic biota 

than scuba divers. Behavioral differences between 

snorkelers and scuba divers can be attributed to 

site characteristics (e.g., smaller depth in snorkel-

ing sites), experience of practitioners, and the type 

of wildlife interaction. Interactions with sea turtles 

lead to behavioral changes in snorkelers who touch 

and damage benthic organisms more frequently, as 

they usually chase the animals to take pictures and 

touch them. We also provide insights on the accu-

racy of an alternative observation method through 

videos from social media. Because the videos from 

social media focused primarily on sea turtles, they 

overestimated the number of interactions between 

snorkelers and sea turtles but underestimated the 

amount of contact with benthic organisms. We thus 

caution against the use of information from this 

alternative data source for quantitative assessments 

on human–wildlife interactions due to potential 

bias when compared to direct observation. Inter-

ventions may contribute to improve the low-impact 

behavior of divers such as the presence of a snor-

keling guide who helps snorkelers to improve their 

swimming abilities (Hammerton & Bucher, 2015) 

and the use of pre-snorkeling briefing stimulating 

low-impact behaviors (Giglio et al., 2018), reduc-

ing the damage to benthic reef organisms.
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