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Abstract
Sea turtle hatchlings emerge from nests at night on sand beaches and immediately orient using visual
cues. These cues involve horizon brightness, and on beaches without arti�cial lighting, hatchling
orientation is seaward. Although many studies have examined which visual cues in�uence hatchling
orientation, we found no work focused on a comparison of orientation among species. The purpose of
the present study was to understand how dune proximity (distance from nest to dune silhouette)
comparatively affected hatchling orientation in three sea turtle species sharing the same nesting beach.
We measured accuracy and precision of hatchling orientation in hatchling loggerheads (Caretta caretta),
green turtles (Chelonia mydas), and leatherbacks (Dermochelys coriacea), using tracks left in beach sand.
Generalized linear models were used to test for effects from nest-dune distance in each species. We
found that green turtle hatchlings had better orientation than loggerhead hatchlings. The results also
showed that there was a signi�cant decrease in hatchling orientation accuracy and precision in all
species as the distance between nests and dune increased. We conclude that dune features are likely to
provide important cues for hatchling orientation on sea turtle nesting beaches. Considering the
importance of beach dunes to sea-�nding success of hatchlings, we recommend management strategies
to maintain natural beach pro�les on sea turtle nesting beaches.

Introduction
Sea turtles lay eggs in nests on sand beaches. Hatchlings emerge from their nests at night (Mrosovsky
1968) after an incubation period about 45–80 days (Miller 1997). Immediately after emerging, hatchlings
crawl vigorously in an attempt enter the sea along a direct path. Crawling along an indirect path would be
an ine�cient use of limited energy and risk exhaustion and dehydration (Lorne and Salmon 2007) and
predation mortality (Tomillo et al. 2010). Among multiple possibilities for orientation cues that would
guide accurate and precise seaward orientation, visual cues have the greatest support from experimental
evidence (Mrosovsky and Shettleworth 1968; Tuxbury and Salmon 2005). For example, loggerhead
hatchlings crawled in the opposite direction of arti�cially created dark silhouettes in both laboratory and
in situ experiments (Parker 1922; Salmon et al. 1992; Tuxbury and Salmon 2005).

Since the �rst publication of sea turtle hatchling orientation studies in 1908 (Hooker), work has been
conducted on all sea turtle species, yet there are no location-controlled, species comparative studies.
Understanding the relative orientation performance of hatchlings by species is important for assessing
needs for and effects from nesting beach management. The purpose of the present study was to assess
hatchling orientation in three sea turtle species sharing the same nesting beach and to evaluate the
relationship between their orientation and the distance from nest to the dune. We hypothesized that if the
three species of sea turtles perceive light similarly, then we would measure greater orientation accuracy
and precision in green turtles (Chelonia mydas), compared to loggerheads (Caretta caretta) and
leatherbacks (Dermochelys coriacea), because green turtles tend to nest higher on the beach and closer to
the dune (Witherington 1986; Wetterer et al. 2007).
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Methods

Study sites and hatchling orientation parameters
Our study location was the sea turtle nesting beach at Juno Beach (hereafter Juno), Florida (from
26.392°N, 80.067°W to 26.970°N, 80.080°W), one of few beaches in the world where three sea turtle
species nest in signi�cant numbers. We conducted early morning surveys at Juno during the summer
hatchling emergence season between 2015 and 2018 to collect orientation data from hatchling tracks
resulting from emergences occurring the previous night. Data came from 180 loggerhead, 56 green turtle,
and 15 leatherback hatchling emergence events. We measured two parameters to represent hatchling
orientation: 1) an angular range that shows the spread of hatchling tracks and indicates precision of
orientation, and 2) a modal divergence that shows the difference between the most frequent direction
hatchlings crawled and the ocean direction, used to quantify orientation accuracy (Salmon and
Witherington 1995; Berry et al. 2013; Kamrowski et al. 2014; Dimitriadis et al. 2018, Hirama et al. in
review). 

Hatchling track orientation was measured at a subsample of nests marked for nest productivity
assessments (Brost et al. 2015). These productivity assessments took place for every 20th nest location
for loggerheads and all green turtle and leatherback nests. At these nests, surveyors searched the beach
for hatchling tracks and used a compass in a phone app to measure angular range and modal divergence
using the nest (track origin) as the measuring point. We could collect data only from a subsample of the
marked nests because some were unsuccessful. We ignored nests with fewer than �ve hatchling tracks
(Pendoley 2005; Berry et al. 2013; Kamrowski et al. 2014; Hirama et al. in review) or that had tracks
erased by wind or human footprints. The distance between an emergence point and the vegetation line,
which is often described as the toe of dune, was measured using a laser range �nder (Laser Technology:
TruPulse 200). The data were collected throughout the study area and hatchling emergence season
without bias in data collection efforts; therefore, we consider abiotic effects, such as sand color, moon
illumination percentage, cloud cover percentage, dune height, dune vegetation density, slope steepness,
ocean tide, etc., to be random factors.

Statistical Analyses
We created generalized linear mixed models (GLMM) with angular ranges and modal divergences as
response variables and with species and distance to dune (and their interaction) as the explanatory
variables using SAS v 9.4 (Cary, NC). Because of the highly skewed and discrete (integer) nature of the
data (Fig. 1A, B), we assumed a negative binomial distribution. Because data were collected over multiple
years, we included year as a random factor to allow for correlation between nests within a given year. To
understand orientation accuracy and precision differences among species (data with linear distributions),
we used Dunn’s post-hoc tests for pair-wise multiple comparisons, using program R with the FSA package
(Ogle et al. 2018).
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Results
We collected the two hatchling orientation parameters from 251 nests across three species (Table 1).
Angular ranges were signi�cantly different among species (F2,179 = 3.09, P = 0.0478). The values of this
parameter signi�cantly increased in all species with increased distance to dune (F1,179 = 35.61, P < 0.001,
Fig. 2A, Table 1). We also found signi�cant differences among species in the modal divergence
parameter (F2,179 = 3.64, P = 0.0282), with precision decreasing as distance to dune increased (F1,179 =
15.39, P < 0.001, Fig. 2B, Table 1). We rejected our null hypothesis stating that green turtles, loggerheads,
and leatherbacks would have the same hatchling orientation precision and accuracy. The results of post-
hoc pair-wise comparison tests showed green turtles nested signi�cantly closer to the dune than the
loggerheads (Z = – 8.36, P = < 0.001) and leatherbacks (Z = – 3.61, P = < 0.001), with no difference
between the latter two species, Z = – 8.56, P = 0.39 (Fig. 3). Green turtles had a signi�cantly smaller
angular range (Z = − 3.15, P = 0.002) and modal divergence (Z = − 3.28, p-value = 0.001) than loggerheads
(Fig. 2A). However, comparisons of green turtles and leatherbacks (angular range: Z = – 0.26, P = 0.79,
modal divergence: Z = − 1.55, P = 0.12) and leatherbacks and loggerheads (angular range: Z = – 1.51, P = 
0.13, modal divergence: Z = – 0.20, P = 0.84) showed orientation parameters that were not signi�cantly
different (Fig. 2B).

Table 1 Descriptive statistics of two parameters (angular range and modal divergence) that
describe the precision and accuracy of hatchling orientation at Juno Beach, Florida, USA.

                 

  Species Sample size Parameter Mean SD Median Range

Green turtle 56 Angular range 42° ± 18° 40° 13 – 113°

Loggerhead 180 Angular range 69° ± 57° 49° 6 – 360°

Leatherback 15 Angular range 50° ± 34° 39° 7 – 133°

Green turtle 56 Modal divergence 7° ± 14° 4° 0 – 106°

Loggerhead 180 Modal divergence 14° ± 21° 7° 0 – 126°

Leatherback 15 Modal divergence 8° ± 7° 7° 1 – 28°

Discussion
Given that the orientation accuracy and precision of loggerheads, green turtles, and leatherbacks
increased similarly with nest proximity to the dune and given the sensitivity of hatchlings to horizon
brightness, we hypothesize that a dark dune silhouette is equally important to correct orientation across
the three species. The importance of dunes in loggerhead hatchling orientation has been con�rmed in
previous studies (Parker 1922; Salmon et al. 1992; Tuxbury and Salmon 2005; Hirama et al. in review), but
evidence concerning green turtles and leatherbacks is lacking.
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Because green turtles place their nests closer to the dune than do loggerheads and leatherbacks, it is
possible that green turtle hatchlings are more likely to perceive strong initial light cues from the dune
silhouette, which contrasts with the brighter, open, seaward horizon. In the present study, leatherback and
loggerhead nest placement (distance between nest and dune) was similar and differed from green turtle
nest placement. Although we predicted that leatherback orientation accuracy and precision would be
signi�cantly lower than in green turtles, leatherback hatchlings showed the same orientation accuracy
and precision as green turtles. However, we note that our sample size for leatherback nests was small (n 
= 15 nests) compared to green turtle nests (n = 56 nests), which may have provided insu�cient statistical
power to discern differences. Both within and between species, hatchling orientation was better in nests
that were closer to the dune. These results do not resolve the hierarchy of cues from silhouette patterns
and brightness (Limpus 1971; Van Rhijn 1979), however, our results do support the hypothesis that form
or brightness characteristics of the dune have an important in�uence on hatchling orientation.

We conclude that the dune, which on sea turtle nesting beaches provides a dark silhouette contrasting
with seaward, is an important environmental factor for hatchling orientation, thus con�rming
assessments by other authors (Parker 1922; Salmon et al. 1992). Because the height of the dune
throughout the beach at Juno was relatively uniform, we consider this to be a minimally important
random factor. The applicability of our results to hatchling orientation on other beaches may depend on
important variables such as the amount of arti�cial lighting and how arti�cial light �elds are affected by
dunes. We hypothesize that on naturally lighted beaches with minimal arti�cial light, there would be
similar effects from dune proximity on orientation. In other work we have done on hatchling orientation
relative to environmental factors, we found distance between nest and dune to be the most in�uential
among several factors (Hirama et al. in review).

The �ndings of the current study suggest that the same beach management strategies––protecting
coastal pioneer plants such as sea oats, sea grape, and saw palmettos that promote dune formation and
block ambient light––might be implemented ubiquitously because of the importance of the dune as a
guiding feature across sea turtle species.
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Figures

Figure 1

Distribution of angular range and modal divergence that describes three species of sea turtle hatchling.
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Figure 2

The relationship between hatchling (A) orientation precision and (B) accuracy (expressed as angular
range and modal divergence, respectively) and distance from a nest to dune are plotted for three species
of sea turtles.
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Figure 3

Density of sea turtle nest locations in relation to distance between nests and dune (value 0 on the x-axis
shows the vegetation line (that is roughly equal to toe of dune) by species. Loggerhead (mean = 12.2 m,
median = 9.9 m, range = � 7.0 – 55.8 m, SD = 9.2 m), green turtle (mean = 2.8 m, median = 1.5 m, range = �
6.4 – 34.1 m, SD = 5.7 m), and leatherback (mean = 8.5 m, median = 9.4 m, range = 2.1 – 23.5 m, SD =
6.1 m).


