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a b s t r a c t   

Recent rapid growth in wildlife tourism necessitates understanding its biologically- 
significant impacts on targeted species. To evaluate these effects, we studied how loggerhead 
sea turtles (Caretta caretta) responded to public sea turtle watch programs on a nesting beach 
in southeast Florida. We introduced two new measures of behavior in addition to other 
well-known behavior parameters, by which to measure behavioral responses of turtles 
during the nesting process. Five of ten behavior parameters we measured were significantly 
influenced by the presence of a turtle watch group. However, we found no relationship 
between observed changes in nesting behavior and measures of reproductive success 
(estimated clutch size, hatching success, and hatchling emergence success). We conclude 
that either the measured behavioral changes did not affect the outcome of reproduction, or 
their effect was undetectable. This study highlights the importance of pairing behavioral and 
demographic variables when evaluating the conservation impact of wildlife tourism 
programs. When wildlife tourism programs prioritize animal welfare and are periodically 
evaluated for their biological impact on target species, they are an effective tool for educating 
the general public and promoting conservation and environmental stewardship. 

© 2021 The Authors. Published by Elsevier B.V. 
CC_BY_NC_ND_4.0  

1. Introduction 

Wildlife tourism is broadly defined as the observation of, or interaction with, flora or fauna in their natural environ
ments (Tapper, 2006). Non-consumptive wildlife tourism does not result in mortality or removal of wildlife from their 
native habitats (Duffus and Dearden, 1990; Newsome et al., 2012), and as such can be considered a desirable alternative to 
negative interactions that involve extractive use or incidental take of wildlife. Still, non-consumptive tourism can induce 
disturbance or behavioral changes in animals (Anderson and Keith, 1980; Christiansen et al., 2010). For non-consumptive 
wildlife tourism programs to be considered both successful and appropriate, they must satisfy three criteria: 1) they foster 
a conservation ethic; 2) animal participants are undisturbed and unharmed; and 3) human participants are highly satisfied 
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with their experience. In the real world, these criteria may conflict, and a balance between them is often difficult to achieve 
(Reynolds and Braithwaite, 2001). Over the last few decades, non-consumptive wildlife tourism has significantly increased 
worldwide and has encouraged research that attempts to quantify the effects of wildlife tours on both individual animals 
and populations (Honey, 2008). A primary focus of resulting ecotourism research has concerned how the behavior of 
human participants is linked to behavioral changes in wildlife (Jordan and Burghardt, 1986; Gander and Ingold, 1997; 
Maréchal et al., 2011; Hayes et al., 2017). 

Although animal behavior studies often reveal effects of wildlife tourism, these effects seldom equate to species or 
population-level impacts (Gill et al., 2001; Heithaus et al., 2008; Tablado and Jenni, 2017). Research that relies solely on 
behavioral factors, such as reactivity, could overlook effects not visible to human observers and exaggerate effects from 
more obvious behavioral responses (Caine, 1990; Lima and Dill, 1990; Gill et al., 2001; Coetzee and Chown, 2016). 
Establishing a direct link between a disturbance and subsequent behavior is not always possible, although a causal 
relationship is often assumed due to confirmation bias (Marsh and Hanlon, 2007). Even if a wildlife tourism program is 
associated with behavioral changes in wildlife, the disturbance may not necessarily impact demographic vital rates 
(Christiansen and Lusseau, 2015; Gallagher et al., 2015). Vital rates are a critical component of measuring population-level 
impacts of wildlife tourism because they affirm whether observed behavioral changes in response to tourism have bio
logical significance for the species, which in turn is essential for recommendations of best practices for wildlife tourism 
programs (Geffroy et al., 2015). 

Loggerhead sea turtles (Caretta caretta) migrate to nesting beaches every 2–3 years and build 3–6 nests in the sand each 
nesting season (Witherington and Witherington, 2015). Their arrival on their natal nesting grounds is predictable, as are the 
precise series of nesting behaviors they exhibit when constructing new nests (Hailman and Elowson, 1992). Because sea turtle 
nesting behavior is stereotypic and unlearned, changes in nesting behavior are easily attributed to specific disturbances during 
the nesting process, such as artificial beachfront lighting (Witherington, 1992; Silva et al., 2017), interactions with predators 
(Shoop et al., 1985), and direct human disturbance (Jacobson and Lopez, 1994). The opportunity to evaluate nest success post- 
hatching informs our understanding of the long-term effect of changes in nesting behavior on hatchling production. Sea turtles 
and their nesting beaches are an ideal system in which to 1) measure behavioral effects of wildlife tourism on target species; 2) 
measure how behavioral effects influence animals’ interaction with their environment (nest making); and 3) understand 
tourism-related impacts to key demographic parameters (hatchling recruitment). 

Florida’s beaches host 90% of sea turtle nesting in the United States (Ceriani and Meylan, 2017). Our study area borders the 
Archie Carr National Wildlife Refuge in southeastern Florida, which annually supports an average of 11 556 + /- 1129 loggerhead 
sea turtle nests (Ehrhart et al., 2014). The predictable nesting of loggerhead sea turtles on southeast Florida beaches has created 
a unique wildlife tourism opportunity –guided public sea turtle watches. The public sea turtle watch program, regulated by the 
Florida Fish and Wildlife Conservation Commission (FWC) and operated by its marine turtle permit holders, was introduced in 
1989. Participants hear an interpretive presentation covering sea turtle natural history, biology, threats to survival, and public 
actions that aid sea turtle conservation. Guides then escort participants to the beach to observe a female loggerhead sea turtle 
laying eggs, covering and camouflaging her nest, and returning to sea. 

The only published study of a managed sea turtle watch program’s effect on sea turtle nesting behavior and nest 
productivity, Johnson et al. (1996), concluded that the presence of watch groups altered loggerhead nesting behavior, but 
not hatchling production. Other studies have focused on the influence of poorly controlled tourist groups and have shown 
distinct effects on sea turtle nesting behaviors and the likelihood of nest-site abandonment (Jacobson and Lopez, 1994; 
Waayers et al., 2006). Turtle-watch program operating guidelines in many areas are now less intrusive than when the  
Johnson et al. (1996) study was conducted. Our study reevaluates the effects of public sea turtle watches on loggerhead 
nesting behavior and nest productivity 25 years following the first evaluation (Johnson et al. 1996), during which time 
several changes have been made to the operating guidelines for the program (Table 1). Because loggerhead sea turtles are a 
threatened species, it is imperative that turtle watch programs be periodically evaluated to ensure that they are not 
negatively impacting turtle nesting success. In this study, we document the behavioral responses and effort expenditure of 
nesting loggerhead sea turtles in response to being observed by public turtle watch groups, and evaluate the reproductive 
success of turtle nests after hatchlings emerge. 

Table 1 
Comparison of the Florida Department of Environmental Protection (FDEP) and the Florida Fish and Wildlife Conservation Commission (FWC) Marine Turtle 
Conservation Handbook guidelines for Sea Turtle Night Watch Programs.      

FDEP guidelines (1989–1999) FWC guidelines (1999-present)  

Group size 25 participants per guide. 50 total participants. 20 participants per guide. 40 total participants. 
Lights Low intensity flashlights used by guides only while 

leading participants to beach. One flashlight used to 
illuminate nest cavity. 

No white light flashlights. Red low intensity flashlights with a 
red LED light source only. One may be used to illuminate nest 
cavity. 

Egg removal Single egg removed and passed around group. No egg removal permitted. 
Photography None permitted. Non-flash photography permitted. 
Contact with nesting female Permitted after egg deposition is complete. No contact with nesting female permitted.    
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2. Methods 

2.1. Study system 

We studied public guided sea turtle watches conducted by Disney’s Animals, Science, and Environment (ASE), an FWC 
marine turtle permit holder which offers the program on a 2.5 km stretch of beach in Indian River County, Florida. The study 
area extends 0.5 km north of Disney’s Vero Beach Resort’s (DVBR) northern property line, and 1 km south of the DVBR southern 
property line (Fig. 1). Average loggerhead nesting density for the study site is 98 crawls per kilometer per year (unpublished 
data, Disney) and is considered high by the FWC’s Fish and Wildlife Research Institute Statewide Nesting Beach Survey (FWRI, 
2018). Five additional turtles were opportunistically sampled in the Archie Carr National Wildlife Refuge (~23 km north 
of DVBR). 

Directly behind our study area was a mix of single-family homes, condominiums, resorts, and undeveloped areas. All beach 
areas were public, although public access was closed at night (when nesting and turtle watches took place). A sea wall extends 
0.6 km south from the northern site boundary, within the area scouted for nesting turtles. Localized beach erosion and accretion 
varied with storm events, tidal activity, and periodic dune nourishment projects. Recreational beach use is seasonal, with 
highest use in the summer, coinciding with sea turtle nesting season. 

2.2. Sampling effort 

We conducted our observational study of loggerhead sea turtles from 2014 to 2016, and again in 2019. Data were recorded 
for experimental loggerheads (turtles observed by a public sea turtle watch group) and for control loggerheads (turtles observed 
only by a single ASE researcher). Sampling trips were scheduled when public sea turtle watch programs were offered at DVBR, 
3–4 nights per week during peak nesting in June and July. Only one turtle could be observed by a watch group on each sampling 
trip, per FWC guidelines. Experimental turtles were encountered between 2100 h and 0000 h, while control turtles were en
countered between 2100 h and 0400 h. Experimental turtles could not be encountered after 0000 h because the public turtle 
watch protocol stipulates that the program concludes at this time, whether a turtle has been encountered or not. We are not 
aware of evidence that demonstrates changes in sea turtle nesting behavior with time of night. 

2.3. Sampling experimental and control turtles 

To locate turtles, researchers walked along the water’s edge to avoid disturbing turtles that had already begun to construct 
their nests. Turtles were first observed by encountering their incoming track or by seeing them emerge from the surf. We used 
night vision binoculars to avoid producing artificial light, which can cause turtles to become disturbed or disoriented. For both 
control and experimental turtles, we did not approach until digging behaviors were observed. When approaching a turtle, we 
quietly ascended her incoming track and remained 1 m behind the turtle’s carapace, staying out of her field of vision. 
Observation of eggs dropping into the egg chamber confirmed oviposition. 

Experimental turtles were observed by a public sea turtle watch group from oviposition to descent (Fig. 2). Turtle watch 
groups averaged 22 registered participants, although additional participants (range: 9–65) were asked to join the group when 
encountered on the beach, as required by state guidelines (FWC, 2016). Unregistered beachgoers are encouraged to join the 
guided group to prevent their disturbance of other nesting turtles. Registered participants were instructed to walk in single file 
at the water’s edge and once at the turtle, remain seated and quiet until trained guides had verified the turtle had initiated 
oviposition. Turtle watch groups are not permitted to view a nesting loggerhead during her ascent, her nest site preparation 
(body pitting), and her excavation of the egg chamber (digging), due to increased likelihood of disturbance and nest aban
donment (FWC, 2016; Witherington and Witherington, 2015). During oviposition (but prior to the group’s approach to the 
turtle), program leaders removed a small amount of sand from the nest cavity to improve visibility of the eggs dropping into it. 
After oviposition began, turtle watch participants were led to an area 1 m behind the nesting turtle and asked to sit down and 
observe her quietly. Once the turtle completed nesting and initiated her descent to the surf, staff arranged participants in a line 
perpendicular to the water and greater than 1 m from the turtle’s likely route. Participants were directed not to enter the water 
or move seaward of the turtle as she returned to the water. 

Minimal interaction with control turtles occurred during the nesting process. A trained ASE scout used night vision bino
culars to observe control turtles from a minimum distance of 5 m and approached turtles only after the digging stage was nearly 
complete and oviposition had started. Unlike for experimental turtles, sand was not removed from the nest cavity. During the 
oviposition, covering, and camouflaging stages, staff remained a minimum of 1 m behind the turtle, completely out of sight. 

A curved carapace length measurement was taken for all turtles sampled in 2015 and 2016 using a soft measuring tape. From 
2014–2016, turtles were checked for passive integrative transponders (PIT tags) during oviposition by scanning all four flippers 
with a universal PIT tag reader for the presence of a tag. We did not apply PIT tags or flipper tags to control or experimental 
turtles during this study, as these activities are more intrusive and have been shown to significantly affect post-nesting behavior 
of loggerhead sea turtles (Broderick and Godley, 1999). 
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2.4. Data collection 

2.4.1. Nesting stage duration 
For both control and experimental turtles, durations of seven distinct nesting stages were recorded based on nesting stage 

definitions described in Johnson et al. (1996) (Table 2). Start and end times for each nesting stage were recorded using a 
handheld stopwatch (hh:mm:ss). Only nesting stage durations observed in their entirety were included in analyses. 

2.4.2. Directness and stroke rate 
An index of directness for the turtle’s outgoing track was calculated by dividing the length of the most direct path by the 

length of her actual path back to the ocean. We considered the portion of the turtle’s outgoing track that began at the 
camouflaging mound and extended just landward of the water line. While the turtle was covering her nest, a track end reference 
line was drawn in the sand, parallel to the water line. The intercept of the track end reference line and the turtle’s outgoing track 
was defined as the track end point. When the turtle began her descent, we documented the time that she crossed the track end 
reference line. After the turtle returned to the water, we determined the length of her outgoing track by measuring the distance 
between the camouflaging mound and the track end point. We also measured the length of the most direct path the turtle could 
have taken. 1.0 on the index of directness indicates the most direct path. 

To determine the turtle’s gait during descent, we measured flipper stroke rate using a continuous 3 m section of the turtle’s 
outgoing track. Using a surveyor’s rope, we selected the section of the track with the most discrete flipper strokes. We inferred 
flipper stroke rate per meter within the 3 m section by counting the number of strokes and dividing them by three. 

2.4.3. Covering and camouflaging mounds 
To estimate effort during covering and camouflaging, we measured the height of displaced sand during both nesting stages. 

During oviposition for control and experimental turtles, an L-beam was used to aid measuring the depth of the sand (mounds) 
moved by the turtle during different nesting stages (Fig. 3). The L-beam was inserted into the sand just beyond the back flippers 
with the end of the extended arm positioned above the turtle, over the egg chamber. During camouflaging, a reference marker 
was placed directly underneath the extended arm of the L-beam to indicate the bottom of the camouflaging mound. 

We measured height of the mound after the turtle returned to the surf. For these measurements, we pounded the L-beam 
into the sand until the extended arm made contact with the surface of the camouflaging mound. We dug directly below the 
extended arm of the metal L-beam to locate the reference marker placed at the onset of camouflaging. We then measured the 
depth of the camouflaging mound from the extended arm of the L-beam (the top of the camouflaging mound), to the reference 
marker (the top of the covering mound). Investigators reburied the clutch with the same sand immediately after depth 
measurements were collected. Depth of the covering mound was calculated by subtracting the depth of the camouflaging 
mound from the depth of the L-beam to the top of the egg chamber. 

2.4.4. Nest productivity 
Clutch size, hatching success, and emergence success were calculated for control and experimental nests from 2014 to 2016. 

We observed nests daily throughout incubation, and first and subsequent hatchling emergence events were confirmed by a 
depression in the sand and hatchling tracks leaving the nest site. Three days following the final emergence event (or if signs of 
emergence were not observed, 70 days following nest building), we performed nest excavations to inventory the number of 
empty eggshells (E), unhatched eggs (U), and deceased or living hatchlings (H) in the egg chamber. The nest contents 
allowed determination of estimated clutch size (CS; E + H), hatching success (HS; [E / CS] x 100), and emergence success 
(ES; [E – H] / CS x 100). 

2.5. Data analysis 

We used normal probability (Q-Q) plots to test the assumptions of normality (see Online Appendix A). Nesting stage 
durations (excluding descent), height of covering and camouflaging mounds, return stroke rate, hatching success, emergence 
success, and clutch size met assumptions for normality. We used a generalized linear mixed model (GLMM) to compare 
differences in nesting behavior and reproductive success between control and experimental turtles, combining data from all 
years of observation. To control for effects of inter-annual variation, the random effect of year was accounted for in the GLMM. A 

Table 2 
The seven distinct nesting stages for loggerhead sea turtles, as described in Johnson et al. (1996).    

Nesting stage Definition  

Ascent Time elapsed between first sighting on sand at water’s edge and first sand-sweeping motion of a front or rear flipper. 
Body pitting Time elapsed between first sand-sweeping motion of a flipper and the first anterior flick of a rear flipper. 
Digging Time elapsed between first anterior flick of a rear flipper and first egg dropping. 
Oviposition Time elapsed between first egg dropping and rear flipper making a sweeping movement. 
Covering Time elapsed between rear flipper making a sweeping movement and a front flipper making a sand-sweeping movement. 
Camouflaging Time elapsed between front flipper making a sand-sweeping movement and an obvious push away from nest site. 
Descent Time elapsed between first push away from nest site and crossing of reference line. 
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log +1 transformation was used on camouflaging mound height data to fit the normality assumptions of the GLMM. Descent 
duration and index of directness were analyzed using Mann-Whitney U non-parametric tests because the data were not 
normally distributed. 

To test the effect of group size on nesting behavior and reproductive success of experimental turtles (all years combined), we 
used a parametric GLMM for data that met the normality assumption. These data included nesting stage durations (excluding 
descent), covering and camouflaging mound heights, return stroke rate, and clutch size. For clutch size, one data point was 
dropped because while the clutch size value was near the average, the high group size value of the point made it an extreme and 
influential outlier (see the Online Appendix B for results with the influential outlier included). Descent duration, index of 
directness, hatching success, and emergence success were analyzed using Spearman correlation coefficients to determine the 
effect of group size on the behavior and reproductive success of experimental turtles. 

To test for potential inter-annual variation, we measured the effect of year on nesting behaviors (nesting stage durations, 
covering and camouflaging mound heights, return stroke rate, and index of directness) and reproductive success (hatching 
success, emergence success, and clutch size). Due to the limitation of having only four years in this study, we took a conservative 

Fig. 3. Using the L-beam to measure the height of the covering and camouflaging mounds left by the nesting female loggerhead. In (A), the L-beam is placed over 
the center of the egg clutch during oviposition. In (B), the L-beam is lowered to calculate both mound measurements after the turtle had departed the nest site. 
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approach and used a non-parametric Spearman correlation to measure the effect of year on nesting behaviors and reproductive 
success. 

All analyses were completed using R Core Team (2019) open source statistical software. 

3. Results 

3.1. Sampling effort 

We conducted 82 sampling trips and collected behavioral data for 62 control turtles and 58 experimental turtles from 2014 
to 2016 and 2019. Typically, one control turtle and one experimental turtle were sampled, with up to four turtles sampled per 
trip. We were unable to determine durations for all seven nesting stages each time we sampled a turtle because our first 
encounter with a turtle could occur during different nesting stages. We did not sample turtles that were camouflaging when we 
encountered them. 

3.2. Nesting behavior 

There were no significant differences in nesting stage duration between control (unwatched) and experimental (watched) 
turtles for body pitting, digging, oviposition, or camouflaging (GLMM, p > 0.3; Tables 3 and 4). We did not include the ascent 
stage because we were able to observe only three turtles complete this stage in its entirety. Watched turtles spent significantly 
less time covering their nests than unwatched turtles (GLMM, t114.6 = −2.908, p = 0.004) and took significantly longer on the 
descent from their nest to the surf (Mann-Whitney U test, w = 1337.5, p = 0.043; Table 4). The height of the covering mound was 
significantly less for watched turtles (GLMM, t117 = −2.919, p = 0.004). In contrast, the camouflaging mound height was 
significantly higher for watched turtles than unwatched turtles (GLMM, t116 = 2.507, p = 0.014). 

Watched turtles and unwatched turtles maintained a similar gait (strokes/m) during descent (GLMM, t102.5 = 0.994, 
p = 0.322), but watched turtles took a significantly less direct path from their nest site to the sea (Mann-Whitney U test, 
w = 2130.5, p  <0.001; Table 4). 

The final number of people in the turtle watch group (which varied from 9 to 65, after including unregistered beachgoers) 
did not significantly affect any nesting stage duration, the covering or camouflaging mound heights, return stroke rate, or index 
of directness in watched turtles (GLMM & Spearman rank tests, p > 0.2; Table 4). A yearly effect was observed on all nesting 
stage durations (excluding body pitting), return stroke rate, and index of directness when comparing treatment groups 
(Spearman correlation test, p < 0.05; Table 5). We did not observe a year effect on body pitting, covering or camouflaging mound 
heights (Spearman correlation test, p > 0.1). 

3.3. Nest productivity 

Significant differences were not observed between reproductive output (clutch size), hatching success, and hatchling 
emergence success in nests of control and experimental loggerhead sea turtles (GLMM, p > 0.1; Table 4). The number of people 
in the public sea turtle watch group did not affect hatching success, emergence success, or clutch size in watched turtles 
(GLMM & Spearman correlation tests, p > 0.1; Table 4). We observed a yearly effect on hatching and emergence success when 
comparing control and experimental groups (Spearman correlation test, p < 0.05) but did not observe an effect on clutch size 
(Spearman correlation test, χ2

2 = 4.2742, p = 0.118; Table 5). 

Table 3 
Summary statistics for duration of six nesting stage behaviors (in minutes), four additional measures of effort, and three measures of reproductive success of 
control (unwatched) and experimental (watched) loggerhead sea turtles.             

Parameter Control Experimental 

n Mean SD Min Max n Mean SD Min Max  

Body pitting duration  17  4.031  1.764  2.220  6.800  14  5.023  3.209  0.430  13.820 
Digging duration  27  16.930  4.338  6.480  28.630  30  18.190  6.477  6.300  34.330 
Laying duration  40  17.090  6.469  4.130  33.080  55  16.770  5.087  8.020  31.120 
Covering duration  56  13.530  4.110  5.470  25.100  62  11.354  3.870  3.720  20.420 
Camouflaging duration  58  14.131  8.917  1.330  52.400  62  13.395  6.208  1.530  36.150 
Descent duration  57  1.975  1.809  0.220  8.180  60  2.595  2.283  0.230  14.250 
Covering mound height (cm)  58  26.530  7.213  12.250  41.500  61  22.860  6.505  6.000  34.500 
Camouflaging mound height (cm)  57  11.320  7.514  0.000  39.800  61  13.310  5.763  4.750  28.000 
Stroke rate of descent (m/min)  54  5.784  1.238  4.000  8.670  52  5.904  1.266  3.670  8.670 
Index of directness  54  0.949  0.084  0.484  1.000  52  0.876  0.112  0.525  1.000 
Hatching success (%)  26  63.160  28.367  0  97.100  40  68.530  28.892  0  97.100 
Emergence success (%)  26  61.811  28.671  0  97.100  40  66.810  28.519  0  97.100 
Clutch size  26  97.620  37.517  9.000  154.000  40  101.830  20.314  68.000  138.000    
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4. Discussion 

4.1. Nesting behavior 

We examined six nesting stage durations and only the covering stage differed significantly between watched and unwatched 
turtles. These results differ from Johnson et al. (1996), who found that the camouflaging stage was the only differentiator 
between watched and unwatched turtles. The new behavior parameters introduced in this study (heights of covering and 
camouflaging mounds constructed by the nesting turtle) help to explain these differences. 

Watched turtles produced a shallower covering mound than unwatched turtles, which supports our observation that they 
spent less time covering their nests. However, the inverse is true for camouflaging; watched turtles produced a higher 
camouflaging mound than unwatched turtles, despite no observed difference in the time spent camouflaging the nest. A higher 

Table 5 
Results of Spearman correlations to test the effect of year on nesting behaviors and reproductive success in treatment groups. Significant 
results (p  <  0.05) are shown in bold text.      

Effect of Year 

Variable χ2 df p-value  

Body pitting duration  0.983  3  0.805 
Digging duration  17.063  3  0.001 
Laying duration  11.552  3  0.009 
Covering duration  14.446  3  0.002 
Camouflaging duration  12.035  3  0.007 
Descent duration  9.577  3  0.023 
Covering mound (cm)  1.430  3  0.699 
Camouflaging mound (cm)  6.003  3  0.111 
Stroke rate of descent (m/min)  13.882  2  0.001 
Index of directness  10.588  2  0.005 
Hatching success  12.497  2  0.002 
Emergence success  12.305  2  0.002 
Clutch size  4.274  2  0.118    

Table 4 
Results of Generalized Linear Mixed Models (t-values), Spearman Correlations (s-values), and Mann-Whitney U (w-values) analyses to test the effect of 
treatment (watched vs. unwatched turtles) and group size (for watched turtles only) on the loggerhead sea turtle nesting behaviors and reproductive success. 
Significant results (p  <  0.05) are indicated by bold text.          

Effect of Treatment 

Variable Parameter Estimate SE t-value w-value df p-value  

Body Pitting Duration 0.993 0.985 1.007  29.000 0.322 
Digging Duration 1.015 1.336 0.760  52.815 0.451 
Laying Duration 0.174 1.159 0.150  92.248 0.881 
Covering Duration -2.045 0.703 -2.980  114.643 0.004 
Camouflaging Duration -0.712 1.372 -0.519  117.475 0.605 
Descent Duration  0.189  1337.5  0.043 
Covering Mound (cm) -3.672 1.258 -2.919  117.000 0.004 
Camouflaging Mound (cm) 0.243 0.097 2.507  116.000 0.014 
Stroke Rate of Descent (m/min) 0.228 0.229 0.994  102.511 0.322 
Index of Directness  0.009  2130.5   <0.001 
Hatching Success 0.036 0.067 0.531  63.080 0.597 
Emergence Success 0.032 0.067 0.479  63.067 0.634 
Clutch Size 4.951 7.126 0.695  63.991 0.490 
Effect of Group Size 
Variable Parameter Estimate SE t-value s-value rho df p-value 
Body Pitting Duration 0.070 0.144 0.484   16.000 0.635 
Digging Duration -0.033 0.169 -0.197   28.262 0.846 
Laying Duration -0.093 0.078 -1.184   50.903 0.242 
Covering Duration -0.041 0.053 -0.785   57.091 0.436 
Camouflaging Duration 0.002 0.091 0.026   57.763 0.979 
Descent Duration  0.180  35,537 0.072  0.586 
Covering Mound (cm) -0.087 0.097 -0.897   58.000 0.373 
Camouflaging Mound (cm) 0.009 0.086 0.108   58.000 0.914 
Stroke Rate of Descent (m/min) 0.015 0.020 0.744   48.279 0.461 
Index of Directness  0.009  22,511 0.039  0.783 
Hatching Success  0.035  7878.1 0.203  0.216 
Emergence Success  0.035  7319.3 0.259  0.111 
Clutch Size -0.806 0.517 -1.561   35.786 0.127 
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camouflaging mound without more time for construction suggests that watched turtles were reacting to the group’s presence. 
This suggests that the watched turtles were camouflaging in place, rather than the stereotypic behavior of continually moving 
forward and throwing sand behind them across the nesting site. Though nesting turtles (if encountered after oviposition is 
underway or completed) may not appear to be reacting to the presence of a group of human observers, camouflaging in place is 
a behavioral change that suggests that turtles were reacting to the presence of such a group. This possibility warrants further 
study, which could be accomplished by measuring the surface area of the nest site as well as physiological responses 
(e.g. increase in cortisol production) during each nesting stage. As the former Florida Department of Environmental Protection 
(FDEP) guidelines at the time of the Johnson et al. (1996) public turtle watch study allowed participants to physically interact 
with the nesting turtle (e.g. physical touch) once she had concluded egg laying, these interactions could have affected both the 
amount of time and the manner in which the turtle camouflaged her nest. 

The other notable difference in behavior between the two treatment groups was directness of the turtle’s return to sea. 
Watched turtles meandered back to the water on a less direct path from their nest site, an observation also confirmed by  
Johnson et al. (1996). This is important because extended time on the beach can interfere with sea finding capabilities in nesting 
turtles, causing them to disorient (Witherington, 1992). 

While a year effect was observed on most of the nesting behaviors recorded, there are many confounding factors with inter- 
annual variation that could explain this effect, such as sand nourishment projects and variations in beach characteristics 
(e.g., slope) resulting from storm events. 

4.2. Nest productivity 

Recruitment, as measured by three parameters of reproductive success, did not differ between watched and unwatched 
turtles. We conclude that either the behavioral differences between the two groups did not affect eggs produced, hatching rate, 
or hatchlings emerged from the nest, or these effects were so small as to be undetectable given the power of our tests. This 
finding reinforces the care that must be taken when interpreting the results of behavior studies that aim to assess the impacts of 
wildlife tourism. 

Although we did observe a yearly effect on hatching and emergence success between control and experimental groups, 
inter-annual seasonal variation could explain this observation. In addition to the construction of the nest by the nesting female 
turtle, many other factors can influence hatchling production and emergence. These include mammalian and ghost crab 
depredation (Brost et al., 2015), tidal overwash and storm activity (Brost et al., 2015; Lindborg et al., 2016), nest temperature 
(Tapilatu and Tiwari, 2007), and root invasion of eggs (Brost et al., 2015), among others. It can be challenging to interpret which 
factors most influence the reproductive success of a nest, and the relative importance of factors may vary spatially and tem
porally. Though we did not observe differences in reproductive output between control and experimental nests over the course 
of the study, it is important to recognize other factors influencing egg mortality and hatchling sex ratios. 

4.3. Conservation impact of wildlife tourism 

In addition to studies on the potentially deleterious effects of wildlife tourism on animal behavior and demography, many 
programs have also been evaluated for the positive conservation impact they may provide by changing attitudes, knowledge, or 
the intention of program participants to engage in pro-conservation behaviors (Beaumont, 2001; Zeppel and Muloin, 2008). 
Some programs have followed up with participants to evaluate the sustainment of these behaviors after participating in a 
wildlife tourism program (Hughes, 2013; Smith et al., 2019). 

We recommend that wildlife tourism programs receive systematic evaluations, both in terms of human behavior change 
(conservation benefits) and wildlife impact (conservation costs). Management and operation of wildlife tourism programs is 
fluid; guidelines may change, personnel may change, and political or economic pressures may influence how programs are 
conducted. In our study of the public turtle watch program in Florida, we found different results (at least, behaviorally) from 
what Johnson et al. (1996) originally found. We might also expect our results to be different from any program conducted under 
different regulations to moderate the behavior of watch participants and their number near the nesting turtle. We can easily 
imagine higher numbers of participants and increased interaction with a turtle that produce important negative effects. Pro
gram-specific monitoring of impacts from wildlife programs on target species will allow tour operators to adaptively manage 
their programs in informed ways. 

The wildlife tourism industry also provides measurable economic benefits to local communities which often facilitates 
species conservation efforts (Wilson and Tisdell, 2003). But such conservation benefits are successful only when tourism ac
tivities do not significantly affect target species. We have demonstrated that, apart from biologically non-significant behavioral 
changes, the public sea turtle watch program in Florida does not appear to influence the reproductive success of nesting 
loggerhead sea turtles. This is a critical element in conducting a cost/benefit analysis for the conservation value of educational 
wildlife tours. To return to the three criteria for successful wildlife tourism that we introduced earlier, this program fosters a 
conservation ethic (Smith et al., 2019), provides a highly satisfying experience to participants, and does not harm the target 
species. 
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4.4. Study limitations 

We were unable to create a scenario in which unwatched turtles were truly “unwatched,” as a researcher was present to 
conduct the behavioral observations. The researcher remained at least 5 m away from the turtle during ascent and body pitting 
but approached the turtle near the end of the digging phase to confirm the start of oviposition. All researchers on our team have 
conducted turtle watch programs for at least two years, and every effort was made to minimize interactions as much as possible 
as compared to experimental turtles. Because turtles do not exhibit obvious reactivity, it is difficult to be sure that they were 
unaware of our presence. However, we did not find significant differences between our two treatment groups in the first stages 
of nesting, as we did for later stages when the turtle watch group was present for experimental turtles (Table 4). It is possible 
that collecting the carapace length measurement and scanning the flippers for PIT tags affected the behavioral response of both 
watched and unwatched turtles, but to mitigate potential effects we performed these tasks during oviposition when the turtles 
are the least likely to respond to external stimuli (Miller et al., 2003). 

We did not track comparable sets of watched and unwatched turtles at sea following their visit to the nesting beach. We see 
this as an opportunity for future work, however, given the current state of telemetry-attachment methods, one could not rule 
out effects from these methods on observed behavior. That is, delaying each turtle’s return to the sea, and stimuli associated 
with restraint, might easily exceed effects from turtle watch groups. Nevertheless, we consider post-nesting effects from watch 
groups as an important but challenging avenue of study. 

Finally, we were only able to estimate final clutch size to conduct our comparisons of reproductive output. We do not know if 
eggs were taken from the nest (for example, from ghost crab predation) over the course of incubation. The process for counting 
hatched eggshells during a nest inventory produces only an approximate estimate, as many eggshells are broken into small 
fragments. 

5. Conclusion 

Wildlife tourism programs, such as public sea turtle watches, have become wildly popular in recent years. Participants in the 
public sea turtle watch program at DVBR were highly satisfied with their experience, and we have previously shown that 
participants who attend this program demonstrate lasting positive effects on their conservation-oriented attitudes and be
haviors (Smith et al., 2019). In this study we demonstrate that, despite changes in loggerhead sea turtle nesting behavior 
associated with the presence of a group of human observers, clutch size, hatching success, and hatchling emergence success 
from nests were not significantly affected. 

Public turtle watch programs, currently offered by 17 permitted organizations in Florida, significantly contribute to the 
development of a conservation ethic in the public without adversely affecting the reproductive success of nesting loggerhead 
sea turtles. We draw this conclusion with the assumption that groups in Florida follow the FWC guidelines governing the watch 
groups in our study. With rigorous and consistent evaluation of conservation benefits and impacts, well-designed wildlife 
tourism programs will retain their value in educating the public about wildlife conservation. 
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