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responses to disturbance, but bolder turtles had more 
behavioral plasticity and less consistent responses than 
more timid individuals. Bolder individuals with reduced 
evasion responses might be at a higher risk of shark pre-
dation, while more timid turtles might have greater ener-
getic consequences due to non-lethal predator effects and 
repeated snorkeler disturbance. Over the longer term, a tur-
tle population with a mix of bold and timid individuals may 
promote more resilient populations. We recommend that 
snorkelers maintain >3 m distance from immature green 
turtles when snorkeling, and that ecotourism activities be 
temporally and spatially stratified. Further, turtle watching 
guidelines need to be communicated to both tour operators 
and independent snorkelers to reduce the disturbance of 
turtles.

Keywords Ecotourism · Flight initiation distance · 
Principal component analysis · Personality · Repeatability

Introduction

Developing nations, regions, and communities typically culti-
vate ecotourism in hopes of creating environmentally sustain-
able economic prosperity while supporting wildlife conserva-
tion (Scheyvens 1999; Ashley and Roe 1998; Brooks et al. 
2006; Gallagher and Hammerschlag 2011; Fennell 2015). 
Ecotourism can also generate funding and support for con-
servation activities and create socioeconomic incentives to 
preserve and rehabilitate functioning ecosystems (Higginbot-
tom et al. 2001; Cisneros-Montemayor et al. 2013). Despite 
these potential benefits, ecotourism may also increase human 
encounters with wildlife, causing detrimental effects such as 
avoidance, habituation, attraction, and cryptic responses (e.g., 
increased stress) (Higginbottom et al. 2001; Müllner et al. 

Abstract Despite many positive benefits of ecotourism, 
increased human encounters with wildlife may have detri-
mental effects on wild animals. As charismatic megafauna, 
nesting and foraging sea turtles are increasingly the focus 
of ecotourism activities. The purpose of our study was to 
quantify the behavioral responses of immature green tur-
tles (Chelonia mydas) to disturbance by snorkelers, and to 
investigate whether turtles have individual-level responses 
to snorkeler disturbance. Using a standardized disturbance 
stimulus in the field, we recorded turtle behaviors pre- and 
post-disturbance by snorkelers. Ninety percent of turtles 
disturbed by snorkeler (n = 192) initiated their flights at 
distances of ≤3 m. Using principal component analysis, we 
identified two distinct turtle personality types, ‘bold’ and 
‘timid’, based upon 145 encounters of 19 individually iden-
tified turtles and five disturbance response variables. There 
was significant intra-individual repeatability in behavioral 
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2004; Piñeiro et al. 2012). Increased human encounters with 
wildlife may affect short- and long-term animal behaviors 
(Gabrielsen and Smith 1995; Green and Higginbottom 2001; 
Williams et al. 2006) and physiological responses (Knight 
and Cole 1995) as well as result in habitat abandonment 
(Lusseau and Bejder 2007) and reduced reproductive success 
(Bejder 2005; Constantine and Bejder 2008).

Understanding how individual animals respond to distur-
bance provides resource managers with tools for developing 
conservation strategies (Conrad et al. 2011) as well as insight 
into ecological and evolutionary processes (Réale et al. 2010; 
Wolf and Weissing 2012). Yet, there can be much variation in 
behavioral plasticity between individual animals across taxa 
including mammals (Wilson et al. 1994; David et al. 2004; 
Svartberg et al. 2005; Martin and Réale 2008), insects (Bonte 
et al. 2007; Schuett et al. 2011), birds (Carere et al. 2005; 
Quinn and Cresswell 2005; Dingemanse et al. 2012), fishes 
(Dingemanse et al. 2007; Biro et al. 2010; Cote et al. 2010; 
Wilson et al. 2010), and reptiles (López et al. 2005; High-
cock and Carter 2014; Kuo et al. 2015). Individual animals 
are often described as ‘bold’ when they demonstrate either 
high levels of exploratory behaviors (e.g., low anti-predator 
vigilance and short flight initiation distances) or short startle 
response durations following a disturbance (e.g., time dura-
tion of hiding). For example, Briffa et al. (2008) classified 
individual hermit crabs (Pagurus bernhardus) as ‘bold’ or 
‘timid’ based on the duration of their startle response (i.e., 
hiding within their shell) when disturbed. When such behav-
iors are consistent across a range of situations, or through 
time, they are often referred to as representing animal ‘per-
sonality’ (Gosling 2001; Réale et al. 2007) or behavioral syn-
dromes (Sih et al. 2004). Examining intraspecific behavior 
differences within a population is important for recognizing 
the possible presence of particularly sensitive individuals 
and developing comprehensive management plans. Never-
theless, few studies have incorporated how individual-level 
responses can be incorporated into management plans to 
mediate human effects.

The long-lived, globally threatened green turtle (Chelo-
nia mydas) frequently inhabits coastal marine areas (Bolten 
2003, Seminoff et al. 2015). Following their omnivorous 
oceanic phase, juvenile green turtles typically recruit to 
neritic (less than 200 m water depth) foraging grounds 
and shift to primarily herbivorous benthic feeding (Bolten 
2003; Heppell et al. 2003; Jones and Seminoff 2013). Tur-
tles use these areas as developmental habitats for decades 
until reaching sexual maturity (Bjorndal et al. 2000), then 
migrate hundreds to thousands of kilometers to natal areas 
to forage, mate, and nest (Bowen and Karl 2007; Arthur 
et al. 2008). Sea turtles are relatively docile and easily 
located while nesting on beaches (Campbell 1999) and 
while foraging within neritic areas (Landry and Taggart 
2010). As charismatic megafauna, ecotourism activities to 

observe sea turtle nesting and foraging are increasing, and 
it is argued that these encounters benefit conservation by 
raising awareness and appreciation for sea turtles (Tisdell 
and Wilson 2002; Ballantyne et al. 2011). Yet, others sug-
gest that such tourist activities may disturb turtles, poten-
tially reducing their survivorship and fitness (Landry and 
Taggart 2010; Hayes et al. 2016).

There are several reports of tourist activities adversely 
affecting green turtle behavior. Jacobson and Lopez (1994) 
reported that tourist activities (i.e., flashlights, flash cam-
eras, physical blocking, touching) disturbed nesting green 
turtles on Costa Rican beaches, decreasing nesting suc-
cess. Balazs et al. (1987) suggested that some green turtles 
in Hawaii shifted their feeding to evening periods in areas 
with high human activity during the day. In Hawaii, Mead-
ows (2004) observed green turtles that were chased and 
touched by snorkelers exhibited changes in foraging activi-
ties and increased energy expenditures. Similarly, the pres-
ence of snorkel (Slater 2014; Kostas 2015) and SCUBA 
(Hayes et al. 2016) activity altered sea turtle behaviors 
when approached. Taquet et al. (2006) and Landry and Tag-
gart (2010) cautioned against high ecotourism activities in 
neritic zones where sea turtles congregate. With increasing 
ecotourism worldwide (TIES 2006), there is a need to better 
understand the effects of ecotourism activities on sea turtles.

The primary goal of this study was to quantify the 
response of free-ranging wild immature green turtles to 
disturbance by snorkelers in the field using a standardized 
disturbance stimulus meant to mimic a tourist diving down 
to approach a turtle. The second aim of this study was to 
determine whether turtles exhibit consistent individual-
level responses using their behavioral responses as a meas-
ure of boldness and by defining personality as repeatable 
individual differences in a single context that are consistent 
over time. These data may offer a measure of the sensitiv-
ity of immature green turtles to disturbance by tourists and 
provide the foundation for management guidelines while 
simultaneously providing insight into ecological processes.

Methods

Study site

We conducted the study in Tamarindo Bay (18°19′04″ N 
65°19′02″ W), located within the Luis Peña Channel Natu-
ral Reserve on the western side of Culebra Island, Puerto 
Rico. Tamarindo is a shallow bay (1–10 m in depth) with 
expansive turtle grass (Thalassia testudinum) beds and 
is subject to high levels of ecotourism. Upward of 30 000 
tourists visit the bay each year, and four tour operators 
offer guided kayak and snorkel tours to view green turtles 
as they forage (Diego Morell Parea, Culebra Adventures, 
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pers. comm. 2015). “High” and “low” tourist seasons are 
difficult to determine on Culebra Island, especially in 
regard to snorkel activity. While Culebra Island attracts 
non-Puerto Rico mainland residents during the winters, 
the summers attract primarily Puerto Rico mainland resi-
dents on vacation. Based on input from local snorkel guides 
(Diego Morell Parea, Culebra Adventures, pers. comm. 
2015) it is also difficult to parse out tourist seasons because 
local Puerto Rico tourists independently swim with turtles 
but engage less with local tour operators as non-residents 
would.

Typically, all green turtles observed are immature (esti-
mated straight-line carapace length ranged between 40 and 
60 cm); adults are rarely reported (Carlos Diez, Depart-
ment of Natural and Environmental Resources, Common-
wealth of Puerto Rico, pers. comm. 2014). Collectively, 
tour companies guide an average of 65 kayak/snorkel cli-
ents per day (Diego Morell Parea, Culebra Adventures, 
pers. comm. 2015), and we observed up to 30 tourists 
viewing a single turtle during a snorkel tour. In addition to 
tour groups, tourists often snorkel independently to search 
for foraging green turtles. A main road leading from town 
easily accesses this beach and provides numerous public-
parking options for high tourist days. There are no tourist 
accommodations at the beach, and beach access is never 
restricted.

Encounter and disturbance

To locate turtles, four snorkelers swam four 300 m-long 
transects parallel to the beach at approximately 7 m/min. 
Snorkelers were spaced evenly at 10, 40, 70, and 100 m 
from shore and snorkelers were rotated randomly through-
out the study to avoid individual biases. Transects were 
swum twice a day between 0700–1000 and 1600–1800 h, 
four days a week, from 25 June 2014 to 27 July 2014. Tran-
sects were performed twice a day to investigate if distur-
bance responses differed across diel phases. To limit tour-
ist encounters, which could interfere with data collection, 
transect times were chosen in the morning and late after-
noon. Upon encountering a green turtle, the observer main-
tained a 7–10 m distance from the turtle to record (1) time, 
(2) if turtle was alone or with one or more additional turtles 
within a 5 m radius (Y/N), (3) type of movement (seden-
tary/mobile), and (4) foraging rate (number of bites min−1 
during a 1-min observation period). All observers had 
undergone in-water distance estimation practices for accu-
racy, precision, and standardization purposes.

After the initial pre-disturbance observation, the observer 
applied a standardized stimulus meant to mimic a tourist 
diving down to approach a turtle. This disturbance involved 
the observer diving to the seafloor approximately 4 m from 

the turtle and approaching the turtle from the right posterior. 
A GoPro HERO 3+ Black Edition camera (GoPro, Inc. San 
Mateo, CA, USA) was used to document the disturbance 
event and obtain an image of the right lateral facial scale pat-
tern on the head for later individual identification (Schofield 
et al. 2008). Observers, without a recognition program, pro-
cessed images of right lateral facial scale patterns to identify 
individual turtles. Turtles were monitored for 2 min or until 
the observer had moved with the turtle a linear distance of 
50 m (visually estimated), and as the turtle moved away the 
observer recorded post-disturbance behaviors. We selected 
our disturbance behavior metrics based upon reported natu-
ral responses of sea turtles and other animals to predators 
and predator stimuli. Heithaus (2013) reported anti-predator 
behaviors by sea turtles when they encountered sharks. We 
are aware of no studies of flight initiation distance (FID) in 
sea turtles; however, Wang et al. (2010) and Bostwick et al. 
(2014) documented a flight response when a shark stimu-
lus was introduced to captive-bred sea turtles. Yet, fleeing 
from a predator (FID) is a cost–benefit action. If an animal 
flees too soon, foraging and mating opportunities may be 
lost along with unnecessary energy expenditure. If an ani-
mal flees too late or not at all, mortality may occur (Yden-
berg and Dill 1986; Lima and Dill 1990). Consequently, we 
chose metrics that we associated with an animal’s tendency 
to flee from a predator. Although sea turtles are not often 
categorized as social animals, grouping behavior or “forag-
ing herds” has been documented for green turtles (Bresette 
et al. 2010; Heithaus 2013), which may potentially reduce 
predation risk as reported for other taxa (Pulliam and Car-
aco 1984).

FID (m) in 0.5 m increments was visually estimated 
and recorded as the distance when the turtle began to 
move away from the observer’s approach. An abrupt burst-
response (Y/N) was noted if a turtle exhibited a sudden 
and severe startled response. The distance fled (m) was 
visually estimated as the linear distance the turtle swam 
away up to a maximum of 50 m. Latency to forage (s) 
was measured as the time between the disturbance event 
and when the turtle resumed foraging up to a maximum 
of 120 s. Flight to nearest neighbor (Y/N) was noted if the 
turtle ceased fleeing within a visually estimated 5 m radius 
of another individual or group of turtles following the dis-
turbance. Breached the surface to breathe (Y/N) was noted 
if the turtle went to the surface to breathe following the 
disturbance.

Statistical analyses

All statistical analyses were conducted using R 3.1.3 (R 
Development Core Team 2015). Quantiles (0.90) and 
confidence intervals (0.95) were calculated for FID. The 
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confidence intervals were calculated using the adjusted 
bootstrap method (N = 1000) with replacement. To show 
how traits vary with one another and to avoid autocorrela-
tion issues associated with modeling individual response 
variables alone, we performed principal component analy-
sis. We used the prcomp function to reduce five behavior 
response variables for each individually identified turtle 
(FID, distance fled, latency to forage, abrupt burst response, 
flight to a nearest neighbor) into one principal component 
(PC1). Breached the surface to breath response variable 
was excluded because we could not determine when a turtle 
had last surfaced to breathe prior to disturbance. The PC1 
was based on the correlation matrix of the five disturbance 
responses. The p values were calculated from randomiza-
tion tests, and variables with weights >0.5 were considered 
major contributors to explaining the overall variability in 
the model. The total collection of PC1 scores was repeat-
edly regressed to examine the linear relationships with four 
pre-disturbance variables, including: session (AM/PM), if 
the turtle was in a group prior to disturbance, movement 
type, and foraging rate.

Using the PC1 scores of each encounter and individual 
identities as the random effect, we assessed temporal sta-
bility of post-disturbance behavior tendencies of 19 iden-
tified individual turtles from 145 encounters. Due to the 
approximate Gaussian distribution of the PC1 scores, we 
fitted a linear mixed-effects model (LMM) to the distribu-
tion with individual turtle as the random effect to estimate 
repeatability (rptR package in R, Nakagawa and Schielzeth 
2010). Repeatability (r) was defined by the proportion of 
total variation in a behavior trait within and between indi-
viduals, and calculated as (r = σ 2

α

/

σ 2
α + σ 2

ε ) where σ 2
α was 

the between-group variance and σ 2
ε  the within-group vari-

ance (Bell et al. 2009; Nakagawa and Schielzeth 2010). If 
an individual’s behavior is consistent across all repeated 
measurements, then r = 1. Conversely, if the behavior of an 
individual is random across all measurements, then r = 0 
(Sokal and Rohlf 1981; Lessells and Boag 1987). Variance 
components in the LMM were estimated using restricted 
maximum likelihood (REML), and 95% confidence inter-
vals and statistical significance (p values) were estimated 
using a parametric bootstrap method (N = 1000) with 
replacement.

PC1 scores were averaged for individual turtles and 
also grouped into two personality types—timid (negative 
mean PC1 scores) or bold (positive mean PC1 scores). To 
examine if timid and bold turtles exhibited similar degrees 
of variation, we calculated from the PC1 scores the mean 
standard deviation for each individual and conducted a 
one-way ANOVA with residuals weighted by number of 
encounters to compare the effect of personality type on the 
amount of variation in an individual turtle.

Results

Turtle encounters

We had 306 encounters with green turtles during our study, 
with 226 encounters occurring during morning surveys and 
80 during late afternoon surveys. Prior to the disturbance, 
78% of the turtle encounters were described as sedentary 
(n = 306) and 47% as group formation (n = 306). The 
mean foraging rate prior to disturbance was 25.1 bites/min 
(±9.86 bites/min SD, n = 254). Following the disturbance, 
12% of turtles responded with abrupt burst swimming 
(n = 192, representing the total number of disturbance 
events when this behavior was recorded), 66% of turtles 
breached the surface to breathe (n = 256), and 13% of tur-
tles fled to the nearest neighbor post-disturbance (n = 237). 
FID averaged 1.7 m (±1.02 m SD, n = 192). Turtles fled 
an average of 24.2 m (±18.84 m SD, n = 253), while 
latency to forage averaged 61.9 s (±43.74 s SD, n = 242). 
Using the FID observations (n = 192), we bootstrapped 
with replacement and estimated 1.6–1.8 m as the 95% con-
fidence interval of the mean minimum approaching dis-
tance of the population. Ninety percent of turtles disturbed 
by a snorkeler initiated their flights at distances of ≤3 m 
(Fig. 1).

Individual‑level behavioral response to disturbance

Using 145 turtle encounters with complete records, we 
were able to use video footage to identify 19 individual tur-
tles from their unique facial scale patterns. A turtle encoun-
ter was considered a complete record when the individual 
turtle was identifiable (i.e., able to obtain an image of the 
right lateral facial scale pattern on the head) and when the 
observer was able to record all five disturbance response 

Fig. 1  Minimum green turtle flight initiation distance (FID) (n = 192 
observations) expressed as cumulative proportion of observations, 
showing that 90% of flight initiations occurred at ≤3 m
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variables (FID, distance fled, latency to forage, abrupt burst 
response, and flight to nearest neighbor) during the encoun-
ter. Encounters of individual turtles ranged from 3 to 14 
encounters per turtle (X̄ = 7.6, ± 2.93 SD). The principal 
component analysis reduced the five disturbance response 
variables into one significant component and explained 
41.4% of the variance (p = 0.00). Structure correlations 
were all positively correlated and were highest for distance 
fled (factor loading = 0.86) and latency to forage (factor 
loading = 0.86), followed by FID (factor loading = 0.54), 
abrupt burst response (factor loading = 0.48), and flight to 
nearest neighbor (factor loading = 0.27). PC1 (Fig. 2) indi-
cated a gradient of personality types (i.e., timid and bold) 
between individuals in response to disturbance. Negative 
PC1 scores were attributed to levels of “lower boldness” 
and positive PC1 scores were attributed to levels of “higher 
boldness”. Overall, 53% (n = 10) of the identified tur-
tles were considered bold (i.e., levels of higher boldness), 
showing short flight initiation distance, lower frequency to 
exhibit an abrupt burst response, short distances fled, short 
latency to forage, and lower frequency to take flight to the 
nearest neighbor. Conversely, 47% (n = 9) of the identi-
fied turtles were considered timid (i.e., levels of lower 
boldness), showing the opposite behavior responses. There 
were no significant effects on PC1 scores by variables 
measured prior to disturbance (time of day, if the turtle was 
in a group, movement type, and foraging rate) (Table 1).

Repeatability measures

Using the 145 PC1 scores and individual turtle as the ran-
dom effect, we calculated an overall significant repeat-
ability value (r = 0.132, 95% CI 0.001–0.253, p = 0.007), 
indicating that repeatable tendencies exist at the individual 

level when responding to a snorkeler disturbance (Fig. 3). 
However, the repeatability value itself (r = 0.132) was low, 
indicating that while individuals display repeatable tenden-
cies (p = 0.007), behavioral plasticity (variation) exists to 
some degree within individuals when responding to a snor-
keler disturbance.

The two personality types, timid and bold, had a signifi-
cant effect on the amount of variation in PC1 scores for an 
individual turtle [F(1, 17), = 7.01, p = 0.02]. Individual 
turtles that were timid had a lower mean standard deviation 
score (X̄ = 1.14, ± 0.19 SD) than bold individual turtles 
(X̄ = 1.45, ± 0.41 SD) (Fig. 4).

Discussion

Viable sea turtle ecotourism operations depend on the 
opportunity for tourists to easily observe sea turtles; how-
ever, frequent disturbance of turtles by snorkelers has the 
potential to shift diurnal patterns in foraging behaviors as 
well as habitat use (Taquet et al. 2006; Landry and Taggart 
2010). Our study suggests that immature green turtles in 
the Luis Peña Channel Natural Reserve displayed consist-
ent individual-level behavioral responses to tourist distur-
bances. Specifically, we were able to classify individual 
immature green turtles on a continuum from timid to bold 
based on their responses to snorkeler disturbance. The sig-
nificant relationships between the mean standard deviation 
scores and behavioral type assigned to individual turtles 
suggest that timid turtles had more consistent disturbance 
responses compared to bold turtles that displayed higher 
variability in disturbance responses across encounters. 
Further, the non-significant relationships between the PC1 
scores and the variables measured prior to disturbance also 
suggest that extrinsic factors (i.e., time of day, if the turtle 
was in a group, movement type, and foraging rate) had no 
influence on disturbance response types.

Evidence of personality in immature green turtles

Defining personality as repeatable individual differences in 
a single context that are consistent over time (Réale et al. 
2007) and using turtles’ behavioral responses to disturbance 
as a measure of boldness, this study was able to demonstrate 
that turtles exhibit consistent individual-level responses 
or personality. While repeatability in turtle behaviors was 
overall statistically significant within the context of dis-
turbance response, the repeatability value was low which 
implies plasticity existed to some degree in how individual 
immature green turtles react to snorkelers. As Nakagawa 
and Schielzeth (2010) suggest, a repeatability value (r) may 
be low for two reasons: (1) high within-individual varia-
tion or (2) low between-individual variation. For example, 

Fig. 2  Individual kernel densities (normalized) of PC1 scores of 
turtle disturbance responses (flight initiation distance, distance fled, 
latency to forage, exhibit abrupt burst response, and take flight to a 
nearest neighbor) of 19 turtles with timid turtles (n = 9) associated 
with negative means and bold turtles (n = 10) associated with posi-
tive means
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between-individual differences may be low if turtles do not 
act drastically different from one another in general, which 
might be true if a spectrum or continuum of responses exists 
as we suggest. Deriving a low repeatability value, as this 
study has, is likely due to a combination of the two. In addi-
tion, since individual turtles did not always respond in the 
same way to disturbance, this might reflect small individual 

differences in cue presentation (e.g., approach angle rela-
tive to the sun, swimming behavior of snorkeler), weather-
related factors (e.g., more or less light/turbidity at the time 
of disturbance), or perhaps the turtles’ state prior to distur-
bance (i.e., length of time foraging or time since last breath, 
level of satiation). A potential confound of this study was 
the inability to assess energetic states through time which 
could influence turtles’ perceived value of resources (i.e., 
boldness), and a turtle’s energetic state likely varies at a 
scale of weeks to months (Heithaus et al. 2007) which was 
similar to the time frame in our study.

Table 1  (a) One-way analysis of variance examining the effects of session (AM/PM), if the turtle was in a group (Y/N), and movement type 
(sedentary/mobile) on the PC1 scores, representing turtle behavioral responses to snorkeler disturbance, and (b) linear regression of the PC1 
scores with foraging rate (bites/min) as a predictor

Model df SS MS F p

a

 Session (AM/PM) 1 1.05 1.051 0.506 0.478

 Residuals 143 296.98 2.077

 Total 144 298.03 3.128

 Group (Y/N) 1 7.17 7.17 3.525 0.0625

 Residuals 143 290.86 2.034

 Total 144 298.03

 Movement type (sed./mob.) 1 0.56 0.5564 0.267 0.606

 Residuals 143 297.47 2.0802

 Total 144 298.03

Response variable Parameter Estimate SE t value p value

b

 PC1 scores Intercept 0.45 0.37 1.17 0.25

Forage rate −0.02 0.01 −1.23 0.22

Fig. 3  Individual kernel densities (non-normalized) of PC1 scores of 
turtle disturbance responses (flight initiation distance, distance fled, 
latency to forage, exhibit abrupt burst response, and take flight to a 
nearest neighbor) of 19 turtles. Each kernel represents an individual 
turtle and the shape of kernels represents a measure of behavio-
ral plasticity with wide, flat kernels associated with highly variable 
behavioral responses and narrower, peaked kernels associated with 
less variable responses of individual turtles to disturbance by snorkel-
ers. Timid turtles (n = 9) had lower variable responses compared to 
bold turtles (n = 10)

Fig. 4  Box plots of mean standard deviations of PC1 scores of dis-
turbance responses of 19 turtles classified as timid (n = 9) or bold 
(n = 10), showing more consistent behavioral responses by timid tur-
tles compared to bold turtles
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Ecological implications

Our results suggest that individual-level behavior responses 
of immature green turtles may be attributed to differences 
in personality types. This is especially pertinent consider-
ing individual personality may drive an individual’s sensi-
tivity to non-consumptive disturbances. Ultimately, vari-
ation in the behaviors of turtles and other animals could 
influence both individual- and population-level processes 
as reported by Bejder et al. (2006) for dolphins. For exam-
ple, bold turtles may adapt better over short- and long-term 
periods than timid turtles to non-life-threatening tourist-
based disturbances. In contrast, a timid turtle might have 
a greater long-term energetic consequence from repeated 
snorkeler disturbances as a result of reduced foraging 
opportunities and increased stress. At the population-level, 
snorkeler disturbance could shift the distribution of more 
sensitive turtles.

Sharks, a predator of sea turtles (Heithaus et al. 2007), 
could also potentially influence personality-dependent 
selection on immature green turtles through direct preda-
tion or non-lethal effects (trait-mediated or risk effects) 
(Preisser et al. 2005; Heithaus et al. 2008; Creel and Chris-
tianson 2008, Creel 2011). While shark predation may tar-
get risk prone bold-individuals who exhibit reduced anti-
predator behaviors (Geffroy et al. 2015), non-lethal effects 
motivated by shark presence may also affect turtle popula-
tions. Predator presence may require high energetic invest-
ment by turtles and missed foraging opportunities, espe-
cially for turtles in the best conditional state or with timid 
personalities that forego optimal but risky habitats (Werner 
and Peacor 2003; Preisser et al. 2005; Heithaus et al. 2007). 
In addition, persistent tourism disturbance may favor the 
selection of bold turtles, which could reduce anti-predator 
behaviors and increase vulnerability to predators (Geffroy 
et al. 2015). Over the longer term, a turtle population with a 
mix of bold and timid individuals may promote more resil-
ient populations as anthropogenic and predation pressures 
vary over time (Schindler et al. 2010).

Conclusion

Considering that 90% of turtles in our study initiated 
flight response at ≤3 m, we recommend that snorkel-
ers maintain >3 m distance from immature green turtles 
when snorkeling. However, turtles at other sites may be 
less habituated to snorkelers than turtles at our study 
site, potentially requiring greater minimum approach dis-
tances. We also concur with the turtle watching guidelines 
proposed by Landry and Taggart (2010) that ecotourism 
activities be temporally and spatially stratified to reduce 
the effects of snorkelers on turtles. We encourage future 

studies to examine responses across seasons, which may 
account for any seasonal changes in turtle behavior or 
aggregation strategies and snorkel tourism disturbances. 
In addition, we were unable to account for any pre-exist-
ing conditioning some turtles may have to snorkeler dis-
turbance in our study area. Thus, we further encourage 
additional research on the effects of snorkelers on green 
turtles across a wider diversity of sites with varying lev-
els of snorkeler activity, including reference sites where 
green turtles are not affected by snorkelers. Ideally, future 
studies should also determine if green turtles become 
habituated to snorkelers and if adult green turtles react 
differently to snorkelers than immature green turtles. In 
addition, measuring repeatability across multiple con-
texts, not just behavioral responses to disturbance, would 
strengthen the claim green turtles exhibit personality and 
provide further insight into the relationship between tour-
ism, turtle personality, and predatory shark interactions. 
We suggest co-management between local government 
authorities, tour operators, and other stakeholder groups 
in the area to develop, communicate, and implement tur-
tle watching guidelines. Effective management plans will 
help to ensure that economically viable sea turtle ecotour-
ism operations persist.

Acknowledgements We like to thank Dr. Craig Lilyestrom and Car-
los Diez (Department of Natural and Environmental Resources, Com-
monwealth of Puerto Rico), Ricardo Colón-Merced and Ana Roman 
(Culebra National Wildlife Refuge, US Fish and Wildlife Service), 
and Todd Plaia (Culebra Divers) for logistical support. We thank 
Diego Morell Parea (Culebra Adventures) for his support and addi-
tional data collection. Further, we would like to thank Chris Haak 
and Sarah Becker for field assistance. We would also like to thank Dr. 
Curtice Griffin for writing assistance and Dr. Kevin McGarigal, Blake 
Massey, and Dr. Chi-Yun Kuo for assistance with statistical analyses. 
Finally, we would like to thank the Associate Editor, Dr. Aaron Wirs-
ing, and all of the anonymous reviewers for their time and insightful 
comments on the manuscript.

Author contribution statement LPG and AJD conceived the study. 
LPG, JWB, TOG, SJC, ADMW, and AJD designed the methodology. 
LPG, JWB, and TOG conducted the fieldwork. LPG analyzed the data 
and wrote the manuscript. All authors provided editorial advice and 
assisted with revisions.

Compliance with ethical standards 

Conflict of interest The authors declare that no conflict of interest 
exists. Funding source had no involvement in study design collection, 
and analysis and interpretation of data; in the writing of the report; and 
in the decision to submit the article for publication. LG was partially 
supported by the University of Massachusetts Intercampus Marine Sci-
ence Graduate Program and the Allen Family Foundation. JB is sup-
ported by the Natural Sciences and Engineering Research Council of 
Canada and the Berkeley Marine Conservation Fellowship from the 
American Fisheries Society. TG was partially supported by the Uni-
versity of Massachusetts Environmental Conservation Department. 
AD was partially supported by UPR Sea Grant.



 Oecologia

1 3

References

Arthur KE, Boyle MC, Limpus CJ (2008) Ontogenetic changes in diet 
and habitat use in green sea turtle (Chelonia mydas) life history. 
Mar Ecol Prog Ser 362:303–311

Ashley C, Roe D (1998) Enhancing community involvement in 
wildlife tourism: issues and challenges. Wildlife and Develop-
ment Series: No. 11, International Institute for Environment and 
Development, London

Balazs GH, Forsyth RG, Kam AKH (1987) Preliminary assessment 
of habitat utilization by Hawaiian green turtles in their resident 
foraging pastures. NOAA Technical Memorandum NMFS-
SWFC-71, pp 1–107

Ballantyne R, Packer J, Sutherland LA (2011) Visitors’ memories of 
wildlife tourism: implications for the design of powerful inter-
pretive experiences. Tour Manag 32:770–779

Bejder L (2005) Linking short and long-term effects of nature-based 
tourism on cetaceans. PhD dissertation, Dalhousie University, 
Halifax, Canada

Bejder L, Samuels A, Whitehead H, Gales N (2006) Interpreting 
short-term behavioural responses to disturbance within a longitu-
dinal perspective. Anim Behav 72:1149–1158

Bell AM, Hankison SJ, Laskowski KL (2009) The repeatability of 
behaviour: a meta-analysis. Anim Behav 77:771–783

Biro PA, Beckmann C, Stamps JA (2010) Small within-day increases 
in temperature affects boldness and alters personality in coral 
reef fish. R Soc B 277:71–77

Bjorndal KA, Bolten AB, Chaloupka MY (2000) Green turtle somatic 
growth model: evidence for density dependence. Ecol Appl 
10:269–282

Bolten A (2003) Variation in sea turtle life history patterns: neritic 
versus oceanic developmental stages. In: Lutz PL, Musick J, 
Wyneken J (eds) The Biology of Sea Turtles II. CRC Press, Boca 
Raton, pp 243–257

Bonte D, Bossuyt B, Lens L (2007) Aerial dispersal plasticity under 
different wind velocities in a salt marsh wolf spider. Behav Ecol 
18:438–443

Bostwick A, Higgins BM, Landry AM Jr, McCracken ML (2014) 
Novel use of a shark model to elicit innate behavioral responses 
in sea turtles: application to by catch reduction in commercial 
fisheries. Chelonian Conserv Biol 13:237–246

Bowen BW, Karl SA (2007) Population genetics and phylogeography 
of sea turtles. Mol Ecol 16:4886–4907

Bresette MJ, Witherington BE, Herren RM, Bagley DA, Gorham JC, 
Traxler SL, Crady CK, Hardy R (2010) Size-class partitioning 
and herding in a foraging group of green turtles Chelonia mydas. 
Endanger Species Res 9:105–116

Briffa M, Rundle SD, Fryer A (2008) Comparing the strength of 
behavioural plasticity and consistency across situations: animal 
personalities in the hermit crab Pagurus bernhardus. Proc Biol 
Sci 275:1305–1311

Brooks JS, Franzen MA, Holmes CM, Grote MN, Mulder MB (2006) 
Testing hypotheses for the success of different conservation 
strategies. Conserv Biol 20:1528–1538

Campbell LM (1999) Ecotourism in rural developing communities. 
Ann Tourism Res 26:534–553

Carere C, Drent PJ, Privitera L, Koolhaas JM, Groothuis TG (2005) 
Personalities in great tits, Parus major: stability and consistency. 
Anim Behav 70:795–805

Cisneros-Montemayor AM, Barnes-Mauthe M, Al-Abdulrazzak D, 
Navarro-Holm E, Sumaila UR (2013) Global economic value of 
shark ecotourism: implications for conservation. Oryx 47:381–388

Conrad JL, Weinersmith KL, Brodin T, Saltz J, Sih A (2011) Behav-
ioural syndromes in fishes: a review with implications for ecol-
ogy and fisheries management. J Fish Biol 78:395–435

Constantine R, Bejder L (2008) Managing the whale-and dolphin-
watching industry: time for a paradigm shift. In: Higham J, Lück 
M (eds) Marine wildlife and tourism management: insights from 
the natural and social sciences. CABI, Oxford, pp 321–333

Cote J, Fogarty S, Weinersmith K, Brodin T, Sih A (2010) Personality 
traits and dispersal tendency in the invasive mosquitofish (Gam-
busia affinis). Proc R Soc B 277:1571–1579

Creel S (2011) Toward a predictive theory of risk effects: hypoth-
eses for prey attributes and compensatory mortality. Ecology 
9:2190–2195

Creel S, Christianson D (2008) Relationships between direct preda-
tion and risk effects. Trends Ecol Evol 23:194–201

David JT, Cervantes MC, Trosky KA, Salinas JA, Delville Y (2004) A 
neural network underlying individual differences in emotion and 
aggression in male golden hamsters. Neuroscience 126:567–578

Development Core Team, R (2015) R: A language and environment 
for statistical computing. R Foundation for Statistical Comput-
ing, Vienna

Dingemanse NJ, Wright J, Kazem AJ, Thomas DK, Hickling R, 
Dawnay N (2007) Behavioural syndromes differ predictably 
between 12 populations of three-spined stickleback. J Anim Ecol 
76:1128–1138

Dingemanse NJ, Bouwman KM, van de Pol M, van Overveld T, Pat-
rick SC, Matthysen E, Quinn JL (2012) Variation in personality 
and behavioural plasticity across four populations of the great tit 
Parus major. J Anim Ecol 81:116–126

Fennell DA (2015) Ecotourism, 4th edn. Routledge, New York
Gabrielsen GW, Smith EN (1995) Physiological responses of wildlife 

to disturbance. In: Knight RL, Gutzwiller KJ (eds) Wildlife and 
Recreationists. Island Press, Washington, DC, pp 95–107

Gallagher AJ, Hammerschlag N (2011) Global shark currency: the 
distribution, frequency, and economic value of shark ecotourism. 
Curr Issues Tour 14:797–812

Geffroy B, Samia DS, Bessa E, Blumstein DT (2015) How nature-
based tourism might increase prey vulnerability to predators. 
TREE 30:755–765

Gosling SD (2001) From mice to men: what can we learn about per-
sonality from animal research? Psychol Bull 127:45–86

Green R, Higginbottom K (2001) The negative effects of wildlife 
tourism on wildlife. Wildlife Tourism Research Report Series: 
No. 5, Status Assessment of Wildlife Tourism in Australia Series, 
CRC for Sustainable Tourism, Gold Coast

Hayes CT, Baumbach DS, Juma D, Dunbar SG (2016) Impacts 
of recreational diving on hawksbill sea turtle (Eretmochelys 
imbricata) behavior in a marine protected area. J Sustain Tour 
25:1–17

Heithaus MR (2013) Predators, prey, and the ecological roles of sea 
turtles. In: Wyneken J, Lohmann KJ, Musick JA (eds) The biol-
ogy of sea turtles III. CRC Press, Boca Raton, pp 249–284

Heithaus MR, Frid A, Wirsing AJ, Dill LM, Fourqurean JW, Bur-
kholder D, Thomson J, Bejder L (2007) State-dependent 
risk-taking by green sea turtles mediates top-down effects of 
tiger shark intimidation in a marine ecosystem. J Anim Ecol 
76:837–844

Heithaus MR, Wirsing AJ, Thomson JA, Burkholder DA (2008) 
A review of lethal and non-lethal effects of predators on adult 
marine turtles. J Exp Mar Biol Ecol 356:43–51

Heppell S, Snover M, Crowder L (2003) Sea turtle population ecol-
ogy. In: Lutz PL, Musick J, Wyneken J (eds) The biology of sea 
turtles II. CRC Press, Boca Raton, pp 275–306

Higginbottom K, Northrope C, Green R (2001) Positive effects of 
wildlife tourism on wildlife. Wildlife Tourism Research Report 
Series: No. 5, Status Assessment of Wildlife Tourism in Australia 
series, CRC for Sustainable Tourism, Gold Coast

Highcock L, Carter AJ (2014) Intraindividual variability of boldness is 
repeatable across contexts in a wild lizard. PLoS One 9:e95179



Oecologia 

1 3

Jacobson SK, Lopez AF (1994) Biological impacts of ecotourism: 
tourists and nesting turtles in Tortuguero National Park, Costa 
Rica. Wildl Soc Bull 22:414–419

Jones TT, Seminoff JA (2013) Feeding biology: advances from field-
based observations, physiological studies and molecular tech-
niques. In: Wyneken J, Lohmann KJ, Musick JA (eds) The biol-
ogy of sea turtles, vol III. CRC Press, Boca Raton, pp 211–247

Knight RL, Cole DN (1995) Wildlife responses to recreationists. 
In: Knight RL, Gutzwiller KJ (eds) Wildlife and recreationists. 
Island Press, Washington, DC, pp 51–69

Kostas P (2015) In-water behavior of the loggerhead sea turtle 
(Caretta caretta) under the presence of humans (Homosapiens) 
in a major Mediterranean nesting site. In: Kaska Y, Sonmez B, 
Türkecan O, Sezgin Ҫ (eds) Book of abstracts of the 35th annual 
symposium on sea turtle biology and conservation. MARCAT 
Press, Denizli, p 250

Kuo CY, Irschick DJ, Lailvaux SP (2015) Trait compensation between 
boldness and the propensity for tail autotomy under different 
food availabilities in similarly aged brown anole lizards. Funct 
Ecol 29:385–392

Landry MS, Taggart CT (2010) “Turtle watching” conservation guide-
lines: green turtle (Chelonia mydas) tourism in nearshore coastal 
environments. Biodivers Conserv 19:305–312

Lessells C, Boag PT (1987) Unrepeatable repeatabilities: a common 
mistake. Auk 104:116–121

Lima SL, Dill LM (1990) Behavioral decisions made under the risk of 
predation: a review and prospectus. Can J Zool 68:619–640

López P, Hawlena D, Polo V, Amo L, Martín J (2005) Sources of indi-
vidual shy–bold variations in antipredator behaviour of male Ibe-
rian rock lizards. Anim Behav 69:1–9

Lusseau D, Bejder L (2007) The long-term consequences of short-
term responses to disturbance experiences from whalewatching 
impact assessment. Int J Comp Psychol 20:228–236

Martin JG, Réale D (2008) Temperament, risk assessment and habitu-
ation to novelty in eastern chipmunks, Tamias striatus. Anim 
Behav 75:309–318

Meadows D (2004) Behavior of green sea turtles in the presence and 
absence of recreational snorkelers. Mar Turtle Newsl 103:1–4

Müllner A, Linsenmair KE, Wikelski M (2004) Exposure to ecotour-
ism reduces survival and affects stress response in hoatzin chicks 
(Opisthocomus hoazin). Biol Cons 118:549–558

Nakagawa S, Schielzeth H (2010) Repeatability for Gaussian and 
non-Gaussian data: a practical guide for biologists. Biol Rev 
85:935–956

Piñeiro A, Barja I, Silván G, Illera JC (2012) Effects of tourist pres-
sure and reproduction on physiological stress response in wild-
cats: management implications for species conservation. Wildl 
Res 39:532–539

Preisser EL, Bolnick DI, Benard MF (2005) Scared to death? The 
effects of intimidation and consumption in predator–prey inter-
actions. Ecology 86:501–509

Pulliam HR, Caraco T (1984) Living in groups: is there an optimal 
group size? In: Krebs JR, Davies NB (eds) Behavioural ecology: 
an evolutionary approach. Blackwell Science, Oxford, pp 122–147

Quinn JL, Cresswell W (2005) Personality, anti-predation behaviour 
and behavioural plasticity in the chaffinch Fringilla coelebs. 
Behaviour 142:1377–1402

Réale D, Reader SM, Sol D, McDougall PT, Dingemanse NJ (2007) 
Integrating animal temperament within ecology and evolution. 
Biol Rev 82:291–318

Réale D, Dingemanse NJ, Kazem AJ, Wright J (2010) Evolutionary 
and ecological approaches to the study of personality. Phil Trans 
R Soc B 365:3937–3946

Scheyvens R (1999) Ecotourism and the empowerment of local com-
munities. Tour Manag 20:245–249

Schindler DE, Hilborn R, Chasco B, Boatright CP, Quinn TP, Rogers 
LA, Webster MS (2010) Population diversity and the portfolio 
effect in an exploited species. Nature 465:609–612

Schofield G, Katselidis KA, Dimopoulos P, Pantis JD (2008) Inves-
tigating the viability of photo-identification as an objective tool 
to study endangered sea turtle populations. J Exp Mar Biol Ecol 
360:103–108

Schuett W, Dall SR, Baeumer J, Kloesener MH, Nakagawa S, Bein-
lich F, Eggers T (2011) Personality variation in a clonal insect: 
the pea aphid, Acyrthosiphon pisum. Dev Psychobiol 53:631–640

Seminoff JA, Allen CD, Balazs GH, Dutton PH, Eguchi T, Haas HL, 
Hargrove SA, Jensen MP, Klemm DL, Lauritsen AM, MacPher-
son SL, Opay P, Possardt EE, Pultz SL, Seney EE, Van Houtan 
KS, Waples RS (2015) Status review of the green turtle (Chelo-
nia mydas) under the Endangered Species Act. NOAA Technical 
Memorandum NOAA-TM-NMFS-SWFSC-539, pp 1–571

Sih A, Bell AM, Johnson JC, Ziemba RE (2004) Behavioral syn-
dromes: an integrative overview. Q Rev Biol 79:241–277

Slater K (2014) CEA/Operating Wallacea immature green sea tur-
tle monitoring report 2014. http://opwall.com/wp-content/
uploads/2014-Turtle-Monitoring-Report.pdf. Accessed 10 Aug 
2016

Sokal R, Rohlf F (1981) Biometry: the principles and practice of sta-
tistics in biological research, 3rd edn. Sage Publications, London

Svartberg K, Tapper I, Temrin H, Radesäter T, Thorman S (2005) Con-
sistency of personality traits in dogs. Anim Behav 69:283–291

Taquet C, Taquet M, Dempster T, Soria M, Ciccione S, Roos D, 
Dagorn L (2006) Foraging of the green sea turtle Chelonia 
mydas on seagrass beds at Mayotte Island (Indian Ocean), deter-
mined by acoustic transmitters. Mar Ecol Prog Ser 306:295–302

The International Ecotourism Society (2006) TIES global ecotour-
ism fact sheet. https://ibgeography-lancaster.wikispaces.com/file/
view/TIES+GLOBAL+ECOTOURISM+FACT+SHEET.PDF. 
Accessed 04 Apr 2016

Tisdell C, Wilson C (2002) Ecotourism for the survival of sea turtles 
and other wildlife. Biodivers Conserv 11:1521–1538

Wang JH, Fisler S, Swimmer Y (2010) Developing visual deterrents 
to reduce sea turtle bycatch in gill net fisheries. Mar Ecol Prog 
Ser 408:241–250

Werner EE, Peacor SD (2003) A review of trait-mediated indirect 
interactions in ecological communities. Ecology 84:1083–1100

Williams R, Lusseau D, Hammond PS (2006) Estimating relative 
energetic costs of human disturbance to killer whales (Orcinus 
orca). Biol Conserv 133:301–311

Wilson DS, Clark AB, Coleman K, Dearstyne T (1994) Shyness 
and boldness in humans and other animals. Trends Ecol Evol 
9:442–446

Wilson ADM, Godin JGJ, Ward AJW (2010) Boldness and reproduc-
tive fitness correlates in the eastern mosquitofish (Gambusia hol-
brooki). Ethology 116:96–104

Wolf M, Weissing FJ (2012) Animal personalities: consequences for 
ecology and evolution. Trends Ecol Evol 27:452–461

Ydenberg RC, Dill LM (1986) The economics of fleeing from preda-
tors. Adv Stud Behav 16:229–249

http://opwall.com/wp-content/uploads/2014-Turtle-Monitoring-Report.pdf
http://opwall.com/wp-content/uploads/2014-Turtle-Monitoring-Report.pdf
https://ibgeography-lancaster.wikispaces.com/file/view/TIES%2bGLOBAL%2bECOTOURISM%2bFACT%2bSHEET.PDF
https://ibgeography-lancaster.wikispaces.com/file/view/TIES%2bGLOBAL%2bECOTOURISM%2bFACT%2bSHEET.PDF

	Individual-level behavioral responses of immature green turtles to snorkeler disturbance
	Abstract 
	Introduction
	Methods
	Study site
	Encounter and disturbance
	Statistical analyses

	Results
	Turtle encounters
	Individual-level behavioral response to disturbance
	Repeatability measures

	Discussion
	Evidence of personality in immature green turtles
	Ecological implications
	Conclusion

	Acknowledgements 
	References




