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Abstract
La Roche Percée, in New Caledonia, is the second most important nesting site for the south Pacific loggerheads turtle’s population (Caretta
caretta) after Eastern Australian rookeries. Light pollution is a worldwide issue on nesting beaches due to coastal development and can impact
hatchlings sea turtles finding ability. This study focused on the assessment of light pollution on hatchlings at La Roche Percée. Measurements
of hatchlings fans were performed on 82 emergences, only 7% of them were considered as being disrupted and almost all of the disrupted
emergences were located in the first beach section, during highly moon illumination. Dispersion fan angles from La Roche Percée were
comparable to natural emergences observed at Mon Repos beach, Australia. La Roche Percée beach could be considered as not disturbed by light
pollution despite the human population currently leaving close to the nesting site, however periodic light such as vehicle headlights, may impact
hatchlings’ orientation during their beach crawl.
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Introduction
The South Pacific loggerhead subpopulation (Caretta caretta)
is listed as critically endangered (CR) on the IUCN red list [1]. New
Caledonian rookeries are part of the Eastern Australian stock with
more than 80% of its population nesting in Queensland rookeries
(Australia) and a small part in New-Caledonia, mean of 44 females
per year [2-5]. Since 1980, the South Pacific subpopulation has
been in decline due to anthropogenic pressures [6]. Coastal
development brought artificial lights from buildings, roads,
shopping centres and others infrastructures increasing light
pollution around nesting areas, affecting female frequentation and
hatchlings sea finding ability [7,8]. Mon Repos Conservation Park
is the main nesting site, in South Queensland, where hatchlings
orientation is highly disrupted by light pollution [7].
After spending three to five days in the nest, hatchlings
emerge as a group crawling out of the nest and scan the horizon
across 180° to identify environmental visual cues and be oriented
toward the lowest brightness horizon [9-13]. The stereotypical
behaviour of hatchling sea-finding is a positive orientation to light
known as photo tropotaxis effect [11,14]. On developed beaches,
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the concentration of lights is more important and may increase
the disorientation of hatchlings by non-detecting elevation and/
or shape cues. [15]. Disorientation is known to have negative
consequences on hatchlings crawling performance, survival, and
fitness [13,16,17].

This study focuses on the main loggerhead turtle nesting
beach in New Caledonia where the human population has grown
to 120 residences by 2015, since the first Europeans settled in
1984 [3,5]. Light pollution is well studied in some part of the
world (like Australia, Florida), but has never been studied in New
Caledonia. The purpose of this paper is to examine a new method
to assess light pollution that may disturb sea turtle’s hatchling
behaviour in this specific site and to discuss what actions could
be put in place in order to mitigate the impact of light pollution at
a larger scale.

Materials and Methods

The study took place during the nesting season at La Roche
Percée (21°36’S, 165°27’E) in New Caledonia between February
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2nd and March 5th, 2017. La Roche Percée is an urbanized
peninsula, located at 160 km north of Noumea, New Caledonia’s
capital (Figure 1). This peninsula forms La Roche Percée, a beach
of 1.7 km long west-facing orientation, along it we found the main
road. For our study, we numbered the streetlights along the road

(from 1 to 45) that will help to determine the location of the nest.
The beach is divided into 3 sections: from the streetlights 1 to 15
we found the first section, from lights 16 to 31 section 2, and from
lights 32 to 45 there is the third section of the beach.

Figure 1: Maps of the New Caledonia with Noumea the capital and La Roche Percée (21°36’S, 165°27’E) and an enlargement of the study
place.

La Roche Percée is the second most important loggerhead
nesting site for the east Pacific genetic stock after the Australian
rookerie Mon Repos [2-4,6,18]. Waves, winds, and sea level
changes caused coastal erosion, disrupting the nesting activity.
A program of artificial re-nourishment, between 2010 and 2012,
was realized to limit the loss of nesting habitat and to protect the
housing development of the peninsula [3,19,20]. While street
lighting is turned off during the nesting season, house lights, boats
and vehicle headlights are additional source of light that could
disturb sea turtle activities [21].

The emergence tracks of 82 nests were investigated with the
fan mapping method, and our method differ from studies using
the bearing compass method by calculate fans angle a posteriori
[7,15,22]. This method is used indirectly to assess hatchlings
sea finding behaviour under natural condition without human
presence. Most nest emergences occurred at night after sunset,
when the sand temperature drop and gives a signal to the
hatchlings to dig through the surface avoiding potential predators
and lethal daytime temperature [23-25]. Every morning of the
study, a survey was conducted to record emergences activities
from the previous night, after a fan mapping was performed
hatchlings, tracks were wiped out with our feet to not record them
twice.
The edges of the fan created by hatchlings crawled towards the
ocean was marked by two skirting boards of 2 meters long (Figure
2). Stray tracks from individuals that did not fall within the main
fan (maximum of five per nest) were not included within the fan
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boundaries fined by the skirting boards. Measurements performed
were: “hatchling dispersion width” from the nest depression and
at the end of the fan, the distance of the “most direct line to the
ocean” from the nest. Pictures were taken for complementary
information with the emergence beach localization and position
(up, middle, or down of the beach). Particular weather events
(rain, storm...) and full percentage of moon phase were coded.
However, cloud cover variable was not considering due to the
inability to determine emergence’s time. Lunar predictions were
defined with Quick-Phase Pro version 4 (http://www.quickphase.
com).
Our method differs from previous studies, as the posterior
fans’ angle was calculated using basic trigonometric notion with
a precision of ± 1°, by calculating the tangent of the angle. We
calculate two angles, the spread angle (C) includes the largest
part of the fan, without stray track, and the offset angle (X)
corresponding to the fan angle midpoint and the most direct
line to the ocean (Figure 3).These data were used to diagnose
disorientation after Salmon and Witherington [15] who classified
a fan as disoriented when hatchlings’ sea orientation path was
deviated from their route with an offset angle greater than 30°,
and a spread angle greater than 90°.
A non-parametric multivariate analysis of variance (NPMANOVA) was used for each of the two dependent variables
(spread and offset angle) to test if the independent variables
affected spread or offset angle. The independent variables are
the moon phase; the location of the nest is determined by the
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streetlight’s numbers; the beach section is divided into 3 zones
delimited by the same streetlights; and the emergence beach
height is the location of the nest on the bottom, middle or top of
the beach. To test which variables may impact the fan map, we

performed a Kruskal-Wallis and the Nemenyi test (non-parametric
multiple comparison post hoc). All statistical analysis were done
using R software 3.2.5 and utilizing the “vegan” package to perform
the NP-MANOVA, and the “PMCMR” package for the Nemenyi test.

Figure 2: Emergence fan with measurements criteria. A and B are the outer edge of the fan, the black line is the most direct route to find
the sea and the white line is the mean path took by the hatchling for the sea, X is the offset angle between the most direct line to the sea
and the mean way took by the hatchlings, C is the spread angle.

Results
The 82 emergences had an average spread of 28.75° and
offset angle of 7.36° during the period of our study (Table 1). Of all
tracks counted only 7% of fans recorded, corresponding to 6 fans,
were considered as disrupted with an offset angle superior to 30°.
In contrast, no spread angle higher than 90° was observed but the
spread angle on these six fans were comprised between 50-60°.

The disruption of fan orientation occurred at 66% of time when
the lunar illumination is higher than 50% of its capacity. Three
of sea-finding disorientation occurred after the full moon (97.9%
of the moonlight), one occurred during the third quarter phase
(52.6% of the moonlight) and two others after the new moon. Five
of six of these disorientations were recorded in the first beach
section whereas one fan was presented at the last beach section
when the moonlight is at 1.4%.

Table 1: Analysis of combined fan spread angle and offset angle (mean ± s.e.) for the three beach sections, disrupted, normal and total emergences.
Spread angle
(degrees)
Disrupted Emergences
Normal Emergences
Total Emergences

n

mean

s.e.

mean

s.e.

6

26.34

22.87

36.36

7.51

82

28.57

14.27

7.36

9.61

76

28.75

The non-parametric MANOVA test demonstrated there were
significant multivariate effects on the orientation indices for 3 of
the independent variables: the beach section (F = 3.3102; M² =
0.187505; P = 0.044), moon phase (F = 2.2745; M² = 0.12884; P =
0.006) and nest location (F = 1.6668; M² = 0.094415; P = 0.023)
(Table 2). The emergence beach height had no effect on hatchlings
orientation (F = 0.9338; M² = 0.052895; P = 0.456). Lunar phase
variable was tested independently with a Kruskall-Wallis and had
a significant effect on the spread angle (KW: df = 6; X² = 16.318;
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Offset angle
(degrees)

13.59

2.74

1.73

P = 0.012). Following the Nemenyi test, significant differences
were observed after the full moon and the third quarter phase
(P = 0.0075). The variable emergence beach height revealed a
significant effect for the offset angle (KW: df = 2; X² = 6.3145; P
= 0.043). Contrary to the multivariate results, beach section (KW:
df = 2 ; P ≥ 0.056) and nest location variables (KW: df = 35 ; P ≥
0.121) independently analysed did not significantly influence fans
mapping.
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Table 2: Non-Parametric Multivariate analysis of variance (Non-parametric MANOVA) of the dependent variables spread angle and offset angle,
and individual Kruskal-Wallis analysis of spread angle and offset angle according to the moon phase, beach position, nets location and emergence
beach height effects.
Test

Non-Parametric Multivariate Analysis of Variance
(NP-MANOVA)
Test

Effect

Df

F

Mean Square
(M²)

p-value

Beach Section

1

3.3102

0.187505

0.044

Nest location

34

1.6668

0.094415

0.023

Effect

Dependent
variable

Moon phase

Emergence beach height
Beach Section

Kruskal-Wallis Test (KW)

Discussion

Moon Phase
Nest location
Emergence beach height

6
2

0.006

Df

Chi Squared
(X²)

p-value

Spread angle

2

5.7511

0.056

Spread angle

6

16.318

0.012

Offset angle
Offset angle

0.9338

0.12884

0.052895

2
6

Spread angle

35

Spread angle

2

Offset angle
Offset angle

After emerging, hatchlings use visuals cues such as brightness
source and horizon profile to crawl directly towards the ocean
[26,27]. The eye acuity of hatchlings is known as cone of acceptance
and allow them to integrate lights cues that influences detection,
determination of brightness direction and the beach topography
who moderates this cue information [22,28]. At La Roche Percée,
only 7% of nests were disrupted and almost all of them were
located in the first beach section when moon light was greater
than 50%. These disorientations may be explained by the beachcurved shape modifying light indices interpretation. Because
of the beach shape, orientation and moon position, hatchlings
integrate lights in the limit of their 180° cone acceptance to be
oriented towards the broad brightness and lowest horizon which
may distracts fan orientation from the initial ocean line.

Nevertheless, cars regularly illuminated the first part of
the beach and may influenced hatchling orientation. In this
situation, hatchling orientation could be more affected because
their responses depend on the difference in light brightness
between natural and artificial stimuli on the horizon [29]. Unlike
celestial point sources of light, artificial sources are not scattered
in overhead sky and brightness illumination can be seen in only
one direction [28]. Although a few stray tracks were recorded
(20% of nests recorded) lost hatchlings had difficulties finding
their way towards the ocean and could be due to an external
factor stimulating them away from the main emergence. During
our study, 5 hatchlings were found on the middle of the main
road showing an important disruption in their orientation and
may suggest more hatchlings could be lost and crawled towards
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2.2745

35
2

4.7414
2.2085

0.456

0.093
0.9

42.573

0.177

0.14579

0.93

44.933
6.3145

0.121
0.043

the road. All the direction changes and irregular movements
affect their fitness as well as their survival due to exhaustion,
dehydration, and increased predation risks [28].

Comparison of fan spread, and offset angles recorded
on different beaches in the literature showed differences on
the fan orientation. On the eight fans research projects using
bearing compass method [7,15,22,30], six were conducted in
the Queensland region of Eastern Australia (Loggerhead and
Flatback turtles), one in the Western Australia coast (Green and
Flatback turtles) and one in Florida (Loggerhead turtles) (Table
3). Between 2012-2014 at the Eastern Australia coast, spread and
offset angles were less widespread and less disrupted (126.3°
in 2012 and 91.2° in 2013 for the spread angle) [30]. Hatchlings
spread angle at La Roche Percée was not really extent (28.57°)
equivalent to a normal sea-finding dispersion (24°) recorded in
Queensland (2010) [7]. Salmon and Witherington [15] classified
hatchlings orientation as disrupted when spread angle was higher
than 90° and/or offset angle higher than 30° on beaches where
artificial light was visible. The comparison of the nine studies
where fans recorded (our study and literature), only three were
considered as disrupted sea-finding behaviour for the orientation
indices (Table 3).
Results from this study indicates that La Roche Percée
is a relatively light pollution free beach with fan dispersions
comparable to natural emergences at Mon Repos beach [7]. This
study provides the first data on hatchling orientation in New
Caledonia and reveals an absence of light pollution disrupting
hatchlings sea-finding. However periodic light troubles, such
as vehicle headlights, may potentially disrupt Loggerhead Sea
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finding behaviour. Reductions of these sources during the nesting
season are strongly recommended. We recommend road users to
minimize the use of vehicle headlight during the sea turtle nesting
season to limit light pollution on the beach and hatchling sea turtle
lost on the road. Regulated access to the beach at specific crossing
points, with awareness posters, should give all information the
public needs to avoid disrupting turtles. This research project

presents is limited in the size of the data set, a new method used,
and time of the season data was collected in February providing
a partial overview of the seasonal hatchling behaviour. Future
studies should be carried out over an entire hatchling season and
across at least 2 years, with the common method of the bearing
compass, to compare the evolution of light pollution on hatchling
sea finding behaviour.

Table 3: Comparison of hatchling fan orientation for La Roche Percée (mean ± s.e.) with four other studies at different beaches (eight fan orientation). N is for a normal sea-finding behaviour and D or in bold type for a disrupted sea-finding behaviour.

Study
Salmon and Witherington (1995)
Loggerhead turtles

Pendoley (2005) Green and Flatback
Turtles
Karwowska et al, (2014) Flatback
Turtles

Berry et al, (2013) Loggerhead
Turtles
Our Study Loggerhead Turtles

Conclusion

Year

1995

1996 2003
2012
2013
2014
2010
2017

n

940
384
68

Spread angle
(degrees)
mean

s.e.

mean

s.e.

34

10

3

4

41

55.1

11.2

24

1

23

12 (D)
82

53

163

28.57
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