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Abstract: 

Loggerhead sea turtles (Caretta caretta) are a species of endangered sea turtle, whose 

nesting and hatching success can be hindered by light pollution. We hypothesize that beaches 

with lower light pollution levels will have higher nesting success, i.e. higher number of nests, 

higher ratio of nests to false crawls, higher nest success, higher beach success, and lower nest 

relocation percentage. Using data from SeaTurtle.org and the 2015 VIIRS light data, we 

analyzed the effects of light pollution on loggerhead sea turtle nesting behavior. We performed a 

series on linear regressions to examine the relationship between light pollution and six sea turtle 

nesting success variables. We found a significant positive relationship between light pollution 

and the ratio of nests to false crawls, and a significant positive relationship between light 

pollution and the nest relocation percentage. The other four linear regressions were not 

statistically significant. However, low R2 values indicate that light pollution does not explain 

much of the variation in these nesting success variables, and further studies should be conducted 

to investigate sea turtle nesting behavior. 
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Introduction: 

Loggerhead sea turtles (Caretta caretta) are a species of endangered sea turtle in oceans 

throughout the globe (Berry et al., 2013). When reproductively mature at 35 years old, females 

will come ashore to lay their eggs (Lasala et al., 2013). One major impedance to both egg laying 

and hatching success is beachfront light pollution. Light pollution is chronic or periodic artificial 

increased illumination of the sky (Longcore and Rich, 2004). Light pollution is also a good 

proxy for urbanization (Zhang and Seto, 2011). It has also been documented that cloud cover can 

increase the intensity of light pollution (Kyba et al., 2011). The light pollution at the coasts have 

been increasing in intensity since the early 1990s (Kamrowski et al., 2014). To deal with this 

issue, many coastal communities are adopting lighting ordinances to reduce the ecological 

consequences of light pollution (Lake and Eckert, 2009).  

Loggerhead sea turtle hatchlings are attracted to light between the wavelengths of 350 nm 

(UV) – 600 nm (red), and will approach the light (Fritsches, 2012). Hatchlings use the moonlight 

on the waves to find the ocean, but the urban light pollution can confuse the hatchlings, causing 

them to crawl inland rather than to the ocean (Lorne and Salmon, 2007; Pendoley and 

Kamrowski, 2016). Furthermore, this artificial light pollution can lead to change in nesting 

behavior, including increased chances of false crawls and laying nests lower than the high tide 

line, leaving the nest vulnerable to be submerged at high tide (Witherington, 1992).  

Our question of interest is how does light pollution affect the nesting behavior of female 

sea turtles? We hypothesize that beaches with lower light pollution levels will have higher 

nesting success, i.e. higher number of nests, higher ratio of nests to false crawls, higher nest 

success, higher beach success, and lower nest relocation percentage.  
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Methods: 

1. Nesting Data 

The nesting data came from data collected for and reported by SeaTurtle.org 

(SeaTurtle.org, 2015). We chose to use the nesting statistics for all sites in Georgia and South 

Carolina, which amounts to 56 total sites analyzed. Georgia sites are reported by Georgia 

Department of Natural Resources and South Carolina sites are reported by South Carolina 

Department of Natural Resources. 

Certified personnel who are trained by the respective Department of Natural Resources 

collect the data for SeaTurtle.org. Every morning, each site is monitored for turtle tracks from 

nesting females and emerging hatchlings. Nesting female tracks are followed to determine if a 

nest was laid or if it was a false crawl. If a nest cavity is identified, then a stick is used to probe 

for eggs to verify the presence of a nest. If a nest is identified, then it is up to the area director to 

decide if the nest needs to be relocated; nests are relocated if there is too much ambient light or if 

the nest is below the high tide line. Five days after the initial emergence of the hatchlings from a 

nest, the nest is excavated to determine how many eggs were laid and how many hatched and if 

the un-hatched eggs were fertilized or not. 

 

2. Light Pollution Data 

The light pollution data is from a Bing light pollution map using VIIRS satellite data 

(Bing, 2015). We categorized the level of light pollution at each site by assigning the site to a 

light pollution bracket using the maximum light levels indicated on the map. The brackets are as 

follows: low (0.0-1.0 nW cm-2 sr-1), medium (1.0-6.0 nW cm-2 sr-1), high (6.0-40.0 nW cm-2 sr-1), 

and very high (>40.0 nW cm-2 sr-1). Due to the fact that the map is colorimetric, we assigned the 
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following light values for the various brackets: 0.5 nW cm-2 sr-1 for low, 3.0 nW cm-2 sr-1 for 

medium, 20.0 nW cm-2 sr-1 for high, and 40.0 nW cm-2 sr-1 for very high. 

 

3. Statistical Analysis  

Because all of our data are numerical, and our goal is to see how light pollution 

influences various factors related to sea turtle nesting behavior and success, we performed linear 

regression analysis on each nesting behavior variable with light pollution levels. Before any 

analysis was performed, we checked the residual plots for each nesting behavior variable, and 

found that all residuals were centered around zero, and there was no obvious trend in the 

residuals. After checking these residuals plots, we tested whether these was a significant 

relationship between light pollution and the nesting behavior variables, and used a 0.05 level of 

significance for the linear regression analysis. 

 

Results: 

From our linear regression analysis, we found that there is a slight negative but not 

significant correlation between light pollution and the number of nests on a beach (T = -1.533, p 

= 0.131, R2 = 0.04168, Figure 1A). We also found that there is a negative relationship between 

the light pollution and the number of false crawls on a beach, but the p-value was also not 

significant (T = -1.231, p = 0.2238, R2 = 0.02728, Figure 1B). Our analysis also revealed that 

there is a significant positive relationship between light pollution and the ratio of the number of 

nests to the number of false crawls for a beach (T = 3.010, p = 0.00397, R2 = 0.1436, Figure 1C). 

We also found a slight positive correlation between light pollution and nest success, but this p-

value was not significant (T = 1.816, P = 0.0749, R2 = 0.05755, Figure 1D). Our analysis showed 
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a small positive correlation between light pollution and beach success, although this p-value was 

also not significant (T = 1.731, p = 0.0891, R2 = 0.05259, Figure 1E). We found that there is a 

significant positive relationship between light pollution and nest relocation percentage (T = 

2.496, p = 0.0156, R2 = 0.1034, Figure 1F). 
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Figure 1: Each nesting behavior variable is plotted against Light Pollution data. A) shows the number of nests, B) 

the number of false crawls, C) the ratio of nests to false crawls, D) the nest success percentage, E) the beach success 

percentage, and F) the nest relocation percentage. 

 

Discussion: 

From our analysis, we got many results that did not agree with our hypothesis that 

increasing light pollution would have a negative impact on sea turtle nesting behavior. We found 

that as light pollution increased, the number of nests found on the beach increased, the number of 

false crawls decreased, the ratio of nests to false crawls increased, nest success increased, beach 



 6 

success increased, and nest relocation increased. However our only statistically significant 

results were the relationships between light pollution and the ratio of nests to false crawls and the 

percentage of nest relocations. We expected the ratio of nests to false crawls to decrease as light 

pollution increased, but we saw the opposite relationship. This might be related to the fact that 

beaches with more light pollution were typically larger, so there could have been areas of the 

beaches that did not have as much light pollution as quantified in our study. The positive 

relationship between light pollution and nest relocation percentage was expected. This is because 

it is more likely for sea turtles to lay nests in less suitable environments in beaches with higher 

light pollution, so more nests would need to be relocated.  

For all of the linear regressions, the R2 values are very low, ranging from 0.02 to 0.14. 

This indicates that only a small amount of the variation seen in the nesting behavior variables can 

be explained by light pollution as it was quantified for our project. This means that nesting 

behavior is much more complicated than we had originally anticipated. Two studies showed that 

climate factors influence the distribution of nests globally (Bovery and Wyneken, 2015; Pike, 

2013). Sea temperature may also affect Loggerhead sea turtle nesting behavior as shown in a 

study conducted in 2014 (Lamont and Fujisaki, 2014). These studies agree with the idea that sea 

turtle behavior depends on many factors (Abecassis et al., 2013). For future studies, we might 

consider examining nest density on each beach to see if this has an impact on nesting success. 

We might also quantify light pollution data at each nest rather than using an overall value for an 

entire beach. This is because an overall value for light pollution may not accurately depict the 

light pollution environment that sea turtles are choosing to lay their nests. Another factor we 

could examine is sea temperature throughout nesting seasons.  

 



 7 

References 

Abecassis M, Senina I, Lehodey P, Gaspar P, Parker D, Balazs G, Polovina J, 2013. A model of 
loggerhead sea turtle (Caretta caretta) habitat and movement in the oceanic North 
Pacific. PLoS One 8:e73274. 

Berry M, Limpus CJ, Booth DT, 2013. Artificial lighting and disrupted sea-finding behaviour in 
hatchling loggerhead turtles (Caretta caretta) on the Woongarra coast, south-east 
Queensland, Australia [electronic resource]. Australian journal of zoology 61:137-145. 
doi: http://dx.doi.org/10.1071/ZO13028. 

Bing, 2015. 2015 Light Pollution Map (VIIRS). 
Bovery CM, Wyneken J, 2015. Seasonal Variation in Sea Turtle Density and Abundance in the 

Southeast Florida Current and Surrounding Waters. PloS one 10. 
Fritsches KA, 2012. Australian Loggerhead sea turtle hatchlings do not avoid yellow. Marine & 

Freshwater Behaviour & Physiology 45:79-89. doi: 10.1080/10236244.2012.690576. 
Kamrowski RL, Limpus C, Jones R, Anderson S, Hamann M, 2014. Temporal changes in 

artificial light exposure of marine turtle nesting areas. GLOBAL CHANGE BIOLOGY 
20:2437-2449. 

Kyba CCM, Ruhtz T, Fischer J, Hölker F, 2011. Cloud Coverage Acts as an Amplifier for 
Ecological Light Pollution in Urban Ecosystems. PLoS ONE 6:1-9. doi: 
10.1371/journal.pone.0017307. 

Lake KN, Eckert KL, 2009. Reducing light pollution in a tourism-based economy, with 
recommendations for a national lighting ordinance: WIDECAST, Wider Caribbean Sea 
Turtle Conservation Network. 

Lamont MM, Fujisaki I, 2014. Effects of ocean temperature on nesting phenology and fecundity 
of the loggerhead sea turtle (Caretta caretta). Journal of Herpetology 48:98-102. 

Lasala JA, Harrison JS, Williams KL, Rostal DC, 2013. Strong male‐biased operational sex ratio 
in a breeding population of loggerhead turtles (Caretta caretta) inferred by paternal 
genotype reconstruction analysis. Ecology and evolution 3:4736-4747. 

Longcore T, Rich C, 2004. Ecological light pollution. Frontiers in Ecology and the Environment 
2:191-198. 

Lorne JK, Salmon M, 2007. Effects of exposure to artificial lighting on orientation of hatchling 
sea turtles on the beach and in the ocean. Endangered species research 3:23-30. 

Pendoley K, Kamrowski RL, 2016. Sea-finding in marine turtle hatchlings: What is an 
appropriate exclusion zone to limit disruptive impacts of industrial light at night? Journal 
for Nature Conservation 30:1-11. 

Pike DA, 2013. Climate influences the global distribution of sea turtle nesting. Global Ecology 
and Biogeography 22:555-566. 

SeaTurtle.org, 2015. Sea Turtle Nesting Database. SeaTurtle.org. 
Witherington BE, 1992. Behavioral Responses of Nesting Sea Turtles to Artificial Lighting. 

Herpetologists' League. p. 31. 
Zhang Q, Seto KC, 2011. Mapping urbanization dynamics at regional and global scales using 

multi-temporal DMSP/OLS nighttime light data. Remote Sensing of Environment 
115:2320-2329. 
 


