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Abstract 

Seven species of turtles are present in a wide range of areas across the earth. The species that use 

the beaches of Sint Maarten as nesting grounds are the Green sea turtle (Chelonia mydas), 

Leatherback sea turtle (Dermochelys coriacea) and Hawksbill sea turtle (Eretmochelys imbricata). 

Even with their protected status, populations are declining rapidly. This has a negative impact since 

sea turtles have significant ecological, economic and social values. To prevent populations from 

declining further, research is needed to create proper conservation strategies. This research focuses 

on different factors that could hinder nesting activity and how they influence sea turtles on Sint 

Maarten. These potential factors were researched in the literature and were determined to be 

artificial lighting, dune scarps, coastal development, slope, distance from high tide line to beach line, 

sargassum and human disturbances. Using a Spearman correlation test in SPSS, the correlation 

between the presence of these factors and the total nesting activity that takes place was tested. The 

test showed a moderate negative relation which was statistically significant  

(rs = -.681, p = .044). This means that the number of factors that are present at each beach influence 

the total nesting activity to some extent, but no strong correlation is present. These results indicate 

that if more factors which could hinder the sea turtle nesting activity are present, less sea turtle 

nesting activities take place on that beach on St. Maarten.  
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1 Introduction 

1.1 Problem description 
Sea turtles have been surviving successfully 

for over 100 million years, however, due to 

anthropogenic threats turtle populations have 

been declining rapidly over the last 200 years 

(WWF, n.d.). Seven species of sea turtles are 

present in a wide range of areas across the 

earth. These migratory animals spend the 

biggest part of their lives in the open waters, 

however, they come ashore to nest (WWF, 

n.d.). The species present in the water of the 

wider Caribbean region (figure 1) are 

Loggerhead (Caretta caretta), Green (Chelonia 

mydas), Leatherback (Dermochelys coriacea), 

Hawksbill (Eretmochelys imbricata), Kemp’s 

ridley (Lepidochelys kempii) and Olive ridley 

(Lepidochelys olivacea) (Dow Piniak & Eckert, 

2011). The wider Caribbean region offers 

crucial nesting, foraging, and development 

habitat for these species (Fullam et al., 2020).  

200 years ago, sea turtle populations were 

estimated to be around tens of millions of 

individuals in the Caribbean Sea alone. More 

recent studies show that those populations 

have now been reduced to around tens of 

thousands (Jackson et al., 2001).  

During the last 40-50 years different major 

groups of marine vertebrate populations, 

including sea turtles, have on average shrunk 

an estimated 22% (McCauley et al., 2015).  

The decline of the sea turtle population is 

caused by a combination of global and local 

threats. Global issues include climate change, 

large amounts of plastic waste being 

discarded into oceans and seas, ghost fishing 

by lost or thrown out fishing equipment and 

fishery bycatch. Local threats in the wider 

Caribbean area include collision with vessels 

and rapidly increasing human population 

resulting in strong coastal development for 

housing or entertainment purposes (Sea 

Turtle Conservation Bonaire, 2021). Turtles 

are being exposed to exploitation and 

poaching. Slaughtering activities take place 

regularly for their meat, skin and shells, as 

well as nests being raided for their eggs, 

making turtle populations vulnerable (WWF, 

n.d.). 

Turtles play a significant role in making an 

ecosystem function optimally. The high 

biomass of a species within an ecosystem 

usually means that this species has a relatively 

bigger impact on ecosystem processes.  

Figure 1. Map indicating the wider Caribbean region, with Sint Maarten visible in Zoom 1 (Varona, 2016) 
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This means the loss of sea turtle populations 

have a significant impact on ecosystem 

processes, as they make up a relatively large 

part of their ecosystem compared to other 

invertebrates like most reptiles. Besides their 

contribution of biomass in an ecosystem, 

turtles have an important role in the energy 

flow within their ecosystem and between 

ecosystems. Because they lay their eggs on 

beaches, turtles are responsible for cross-

ecosystem transport of nutrients from a 

marine environment to the coastal ecosystem 

(Lovich, Ennen, Agha, & Gibbons, 2018).  

Sea turtles create a flow of energy within their 

ecosystem in different ways, depending on 

the species. The scavenger role of herbivorous 

and omnivorous turtles causes a flow of 

energy as they consume plants and distribute 

the seeds, while carnivorous and omnivorous 

keep the populations of their prey balanced. 

Because turtles are prey too, they also 

transport energy higher up in the food chain 

when they are consumed. Even after their 

deaths, turtles play an important role in 

supplying nutrients as turtles have a high 

concentration of minerals due to their high 

bone content. These minerals, like calcium, 

are released into the ecosystem as turtles 

decease (Rogers, 2019).  

Along with contribution in biomass and 

optimal flow of energy, turtles help maintain 

the health of seagrass and coral populations, 

which are of extreme importance to countless 

other species (WWF, n.d.).  

Besides ecological functions, turtles are also 

of great socio-economic importance as they 

create great revenue through tourism (WWF, 

n.d.). Sea turtles make a country attractive for 

tourists to visit. Greater tourist attraction 

comes with many economic benefits like 

larger tax income, creation of jobs, increase in 

household incomes and improvement of 

infrastructure (Troëng & Drews, 2004).  

Protecting sea turtle species will, in the long 

term, increase fisheries revenue. Ultimately, 

less restrictive fisheries legislation will be 

implemented if the recovery of threatened 

and endangered species is achieved (NOAA, 

2020).  

Carlos Drews, WWF's regional coordinator for 

marine turtle conservation in Latin America 

and the Caribbean, expresses the economic 

value of sea turtles in the following quote: 

“Developers, politicians, and community 

leaders should start to see marine turtles as a 

valuable asset, generating revenue and jobs. 

Tourism and turtle protection may in fact 

increase their economic value" (Drews, 2004).  

Social values that sea turtles contribute to a 

community by accumulating tourism are 

greater awareness and appreciation for other 

cultures, an increased standard of living, 

improved access to public services and 

greater cooperation and sense of ownership 

among stakeholders (Troëng & Drews, 2004). 

For the past 2500 years, sea turtles have been 

a source of cultural inspiration as they play a 

big part in the history of many indigenous 

communities (K. Eckert et al., 2020).  

The scope of this research is the south side, 

the Dutch side, of the island Sint Maarten. The 

four turtle species present in Sint Maarten 

(figure 2), are all classified as “vulnerable”, 

“endangered” or even “critically endangered” 

on the IUCN red list (IUCN-SSC Marine Turtle 

Specialist Group, n.d.). To prevent extinction 

or species moving up in status from 

“vulnerable” to “endangered”, it is of the 

utmost importance to integrate effective 

conservation measures.  

Figure 2. Overview of sea turtle species present in Sint 
Maarten (Eckert & Eckert, 2019) 
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To produce these measures, it is necessary to 

collect a great amount of data and monitor 

the habitat for an extended period to analyze 

the situation (McLane, Semeniuk, McDermid, 

& Marceau, 2011; Queensland Parks and 

Wildlife Service, 2021).  

The Nature Foundation Sint Maarten is the 

marine and terrestrial ecosystems 

management and scientific authority for Sint 

Maarten and is responsible for endangered 

and protected species. This includes managing 

and monitoring the sea turtle population 

(Nature Foundation Sint Maarten, 2019). The 

Nature Foundation is a small organization 

with a small team that has many different 

tasks and responsibilities, this caused gaps in 

knowledge and data regarding the sea turtle 

nesting activity on the beaches of the island. 

For example, turtle patrols were done 

irregularly due to low capacity, or data was 

not entered causing missing data especially in 

the earlier years, before 2016 (Personal 

communication, September 29, 2021).  

With these knowledge gaps, it is difficult to 

study patterns in the nesting behavior, thus 

making it hard to discover positive or negative 

trends. If these trends in nesting behavior are 

not discovered, it becomes very challenging to 

create proper conservation strategies or 

convince the government of the urgency to 

increase the protection of nesting habitat. 

There is much literature available about this 

subject containing very specific and complete 

data, however, this data is not available about 

Sint Maarten and baseline research of sea 

turtles is lacking (Personal communication, 

September 29, 2021). 

1.2 Problem statement 
There is a gap of knowledge in science 

regarding what factors negatively affect the 

nesting activity of sea turtles on Sint Maarten 

and to what extent the factors influence the 

nesting activity. This gap of knowledge makes 

it hard to take proper conservation measures 

to enhance nesting activity. 

1.3 Project aim 
The goal of this research is to create an 

overview based on gathered data on sea 

turtle nesting activity as well as factors 

affecting it, that is as complete and sufficient 

as possible within 5 months. Using this new 

data as well as data from the previous months 

of 2021 an overview of the situation will be 

created so proper conservation measures can 

be taken in the future.  

1.4 Research questions 
The main question for this research is:  

“To what extent do factors that negatively 

affect nesting activity influence the nesting 

activity on the beaches of Sint Maarten?” 

The sub-questions for this research are:  

- “Where and how often does nesting activity 

take place on Sint Maarten?” 

- “What are factors that hinder nesting 

activity of sea turtles based on literature 

research?” 

- “Which beaches are exposed to these factors 

hindering nesting activity and to what 

extent?” 

- “What is the correlation between the threat 

score and the nesting activity on Sint 

Maarten?” 

1.5 Reader’s guide 
In chapter 2, the pre-study done before the 

research is elaborated. Also, the term nesting 

activity is operationalized, and data collection 

and analysis methods are explained. Chapter 

3 shows the results of the research. The 

conclusions based on these results are found 

in chapter 4. Finally, discussion points and 

recommendations are elaborated in chapter 

5. 
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2 Methods 

2.1 Pre-study 
Data regarding factors that negatively affect 

nesting activity was collected by executing 

literature research. Different articles were 

studied that include information on nesting 

behavior and what affects it. Preferably the 

sources used in this literature research were 

scientific articles. When no scientific research 

papers were available on the subject, articles, 

reports and publications by other 

conservation foundations were used. 

Optimally, the sources used are as recent as 

possible, the oldest used sources being from 

1990. Sources from after the 10’s were 

preferred. To find scientific sources, the 

platforms Science Direct, Research gate, Inter-

Research Science Publisher, scirp, JSTOR were 

used. Keywords used to find sources were 

nesting activity, nesting beach selection, 

wider Caribbean region and sea turtle nesting. 

The literature research had a duration of 

three weeks. Only articles that study the same 

species of turtles that are studied in this 

research were used. Local experts from the 

Nature Foundation Sint Maarten reviewed if 

selected factors are relevant for this specific 

research. This literature research was done as 

a pre-study because the information was 

necessary to create proper methods for the 

research itself. The results of this pre-study, 

which answer the sub-question “What are 

factors that hinder nesting activity of sea 

turtles based on literature research?” can be 

found in chapter 2.1.1. 

2.1.1 Literature analysis pre-study 
Found articles that are within the date 

boundaries were scanned to ensure it was 

relevant. To determine the relevance, the 

abstract and keywords were read. If an article 

was deemed relevant, the introduction was 

read completely, and the search function was 

used to find specific topics to be as time 

efficient as possible. If a chapter seemed to 

contain multiple useful topics it was read 

completely, not only scanned.  

Finally, the sources used in the article were 

scanned as it was an easy way of finding other 

articles covering useful topics. Information 

was never literally copied due to plagiarism 

concerns but was only used to support own 

theories. However, quotes, percentages and 

other numbers were always directly copied 

from the sources without applying 

adaptations to them and citing them properly.  

2.1.2 Factors negatively affecting the 

nesting process 
Beaches were categorized by the number of 

threats present that could hinder nesting 

activity on that beach. Based on how many of 

the determined threats were present, the 

beach was assigned a threat score. A higher 

threat score equals more nest-hindering 

factors present at the beach. The threat score 

will visualize to what extent nesting activity 

on a beach is influenced by factors negatively 

affecting nesting activity.  

- The presence of artificial lighting (WIDECAST, 

n.d.; Brei, Pérez-Barahona, & Strobl, 2016). 

Artificial lighting affects mostly nocturnal 

animals as it triggers unnatural processes 

which result in physiological and behavioral 

alterations (Navara & Nelson, 2007). When 

artificial lighting is present, a lower number of 

nesting attempts takes place. Also, the 

number of successful attempts declines when 

artificial lighting is present (Silva et al., 2017). 

- No presence of slope of the beach (Fish et 

al., 2005; Santos et al., 2016; Horrocks & 

Scott, 1991; Zavaleta-Lizárraga & Morales-

Mávil, 2013). A higher number of nests are 

recorded at beaches where a slope is present. 

The slope on the beach can serve as a form of 

protection and reduce the amount of light 

pollution a turtle has to endure as well. Slopes 

with steepness between 9 degrees and 15 

degrees are optimal for turtles to successfully 

nest (Dunkin, Reif, Altman, & Swannack, 

2016). 
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- The presence of coastal development on a 

beach (Lopez et al., 2015; Bladow, 2017; 

Kikukawa, Kamezaki, & Ota, 1999; Bell et al., 

2007). As coastal areas are considered a prime 

location for real estate and touristic facilities, 

coastal development has been taking place 

rapidly (Sea Turtle Conservancy, n.d.). The 

main issue with coastal development is the 

placement of hard structures along the 

shoreline, blocking the beach from migrating 

land inwards during high tides. Because the 

beach cannot move land-inwards during high 

tides, the dry part of the beach is ultimately 

eliminated, this process is called coastal 

squeeze (Pontee, 2013). The narrowing of the 

beach can result in fewer nests laid as the 

nests would be at greater risk of inundation 

(Rizkalla & Savage, 2011). 

- No space to nest at a sufficient distance from 

the tidal line. It is of great importance that the 

beach offers enough space for the turtles to 

lay their eggs at a safe distance from the tidal 

line. If the nest is laid too close to the water, 

there is a high risk of inundation of the nest 

(Zavaleta-Lizárraga & Morales-Mávil, 2013). 

An egg chamber in dry sand functions as an 

incubation environment where oxygen supply, 

heat, salinity and moisture are regulated 

(Limpus, Miller, & Pfaller, 2021; Maloney, 

Darian-Smith, Takahashi, & Limpus, 1990). If 

inundation of the nest for an extended period 

takes place, these factors are imbalanced 

affecting embryonic development (Limpus, 

Miller, & Pfaller, 2021).  

Research shows that the average distance to 

nest for the loggerhead (Caretta caretta) is 

21m from the tidal line (Wood & Bjorndal, 

2000). For the hawksbill (Eretmochelys 

imbricata), this is an average of 8m from the 

tidal line (Horrocks & Scott, 1991). For green 

turtles (Chelonia mydas) the average 

distance to nest from the tidal line is 

between 20 and 30 meters (Lyons, von Holle, 

Caffrey, & Weishampel, 2020). 

 

 

 

- The presence of a dune scarp on the beach 

(Carpio Camargo, ÁLvarez Gutiérrez, Jaramillo 

Véliz, & Sánchez Tortosa, 2020; Rivas, 

Santidrián Tomillo, Diéguez-Uribeondo, & 

Marco, 2016). Especially when a dune scarp of 

40 cm or higher are present it causes 

difficulties for turtles to nest. If the dune scarp 

is too high, the turtle will return to the ocean 

without laying eggs (Carpio Camargo, ÁLvarez 

Gutiérrez, Jaramillo Véliz, & Sánchez Tortosa, 

2020). Turtles aim to lay eggs higher up on the 

beach where the nest is at a safe distance 

from high tides, dune scarps eliminate this 

option (Rivas, Santidrián Tomillo, Diéguez-

Uribeondo, & Marco, 2016). A schematic 

example of a dune scarp can be seen in figure 

3. 

- A large amount of Sargassum covers the 

beaches. Due to currents and waves, 

Sargassum can end up on the beach. If this 

happens in large quantities, it will limit the sea 

turtle from entering the beach and digging a 

nest (Personal communication, September 29, 

2021). 

- Human disturbance. Locations where a lot of 

human disturbance is present, such as resorts 

and bars where people relax and party at 

night can be undesirable locations for sea 

turtles to nest. If a turtle emerges on the 

beach and a lot of human disturbance is 

present, it is most likely the sea turtle will 

return to the water without laying eggs 

(Personal communication, September 29, 

2021).  

Figure 3. Schematic example of a dune scarp and how it could 
be created by removal of vegetation. (Figlus, Sigren, Armitage, 
& Tyler, 2014) 
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2.2 Operationalization 
The term nesting activity is an overarching 

term, including all actions executed during the 

nesting process, not just the process of laying 

eggs. False crawls, attempt to nest, 

unconfirmed and confirmed nests from adult 

sea turtles, were all categorized under the 

term ‘nesting activity’. ‘False crawl’ includes 

all adult tracks coming from the ocean onto 

the beach but show no evidence that there 

has been an attempt to lay eggs or dig a nest. 

Like a track that emerges, wanders around, 

and returns to the ocean (Schroeder & 

Murphy, 1999; Ningaloo Turtle Program, 

2015; Environmental Justice Foundation, 

2021).  

Tracks with significant sand disturbance, a 

body pit and even an egg chamber, but no 

effort put in to cover the site and tracks 

return into the ocean, will be indicated as a 

‘nesting attempt’ (Carpio Camargo, ÁLvarez 

Gutiérrez, Jaramillo Véliz, & Sánchez Tortosa, 

2020; Rivas, Santidrián Tomillo, Diéguez-

Uribeondo, & Marco, 2016; Bell et al., 2007).  

A nesting is considered successful when all 

signs of egg-laying are present meaning a 

body pit, significant sand disruption and the 

presence of sand spray to cover up the nest  

(Ningaloo Turtle Program, 2015; 

Environmental Justice Foundation, 2021). 

Nesting is also considered successful or 

confirmed if the eggs are physically found. 

Further on in the report this will be referred 

to as ‘nest’ (Carpio Camargo, ÁLvarez 

Gutiérrez, Jaramillo Véliz, & Sánchez Tortosa, 

2020).  

2.3 Data collection 
All the needed data was collected on the 

beaches of the Dutch side of the island, which 

is the south side of the island (figure 4). 

2.3.1 Materials 
- Tape measure (Ningaloo Turtle Program, 

2015; Queensland Parks and Wildlife Service, 

2021) 

- GPS (Ningaloo Turtle Program, 2015; 

Queensland Parks and Wildlife Service, 2021) 

- Camera/phone (Werner, 2020)  

- Nest marking supplies (poles, rubber 

hammer, caution tape, info sign) *  

- Measuring tape (at least 40 m) for measuring 

the distance of the beach 

- Magnetic protractor for measuring the slope 

of the beach 

- Notebook/phone to record data 

* Nest marking supplies do not need to be carried along 

during the patrols on the beach but should be kept in 

the truck in case a nest needs to be marked 

Legend 

     Cupecoy beach 

      Mullet bay beach 

      Maho beach 

      Simpson bay 

      Little bay beach 

      Great bay beach 

      Guana bay 

      Gibbs bay 

      Dawn beach 

Figure 4. Nesting beaches of Sint Maarten where sea turtle patrols and research took will take place, Dutch Caribbean 
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2.3.3 Turtle patrols 
The turtle patrols were executed three days 

per week (two or three beaches a day), during 

the period August to December 2021. 

Secondary data collected by the Nature 

Foundation earlier in 2021 was also used. 

Patrols were the first task of the day, between 

7:00 and 10:00 AM, to prevent tracks from 

becoming obscured by factors such as 

tourists, crashing waves or rainfall (Werner, 

2020; Bell et al., 2007; Queensland Parks and 

Wildlife Service, 2021). Each beach was 

walked twice, first closer to the waterline, as 

it was easier to spot tracks in the harder sand. 

The second walk was higher up on the 

coastline in the loose sand. This is because 

tracks could be erased by the waves, and thus 

not be spotted during the first walk along the 

waterline (Personal communication, August 

31, 2021). 

Maho and Cupecoy were not weekly patrolled 

due to very low sea turtle activity in the past, 

however, activity on those beaches that was 

called in will be used in the data after being 

confirmed. Each beach was patrolled once a 

week in the same order for consistency. Each 

turtle patrol followed the same procedure to 

minimize the chance of deviating data being 

caused by irregularities during the patrols.  

Data recorded during patrols: 

- Date 

- Time of patrol 

- Name of patroller(s) 

- The patrolled beach 

- Waypoint number of the GPS** 

- GPS coordinates** 

- Description of location on the beach** 

- What activity was spotted (e.g., false crawl, 

body pit, nesting, etc.)** 

- Species and scientific name** 

** Data only recorded when sea turtle activity is 

encountered 

Adult tracks 

When adult tracks were spotted, GPS 

coordinates and pictures were taken 

(Ningaloo Turtle Program, 2015). After that, 

the width of the track was measured in 

centimeters. Then the species was 

determined by the width and symmetry of the 

track (Florida Fish and Wildlife Conservation 

Commission, n.d.; K. Eckert, Bjorndal, Alberto 

Abreu-Grobois, & Donnelly, 1999; Queensland 

Parks and Wildlife Service, 2021), which is 

further clarified in figure 5.  

 

Figure 5. Guide for identifying species from adult tracks (Antigua Marine Life, 2019) 
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The width of the track was measured at the 

outer edge of the track at different points 

along the track (Queensland Parks and 

Wildlife Service, 2021). The range of these 

different points was noted (e.g., 120-130 cm). 

When this initial information was recorded, 

the tracks were followed to see if they lead to 

a body pit. If a body pit was found, pictures 

were taken, and sand was gently wiped away 

to look for eggs being extremely cautious to 

not damage any eggs (Florida Fish and Wildlife 

Conservation Commission, 2016). If it was 

certain that eggs were present, the nest was 

noted as a ‘confirmed nest’.  

Hatchling tracks 

These tracks are mostly found higher up on 

the beach in the loose sand where they will 

emerge from their nest. Usually, hatchling 

tracks were appearing in groups, randomly 

going in various directions. Identifying tracks 

as hatchling tracks should be done with the 

utmost caution, as they are very similar to 

tracks of certain crab species (Departement of 

Environment, 2010). If hatchling tracks were 

found, GPS coordinates and pictures were 

taken (Queensland Parks and Wildlife Service, 

2021). When hatchling tracks were 

encountered it was recorded as a successful 

nest, being laid 60 days prior. 

2.3.4 Determining presence of factors 
- When artificial lighting was present at night 

along the entire beach, a score of 1 was 

assigned. When artificial lighting was present 

at night along half of the beach or less, a score 

of 0,5 was assigned. When no artificial lighting 

was present at night a score of 0 was 

assigned. Because of time constraints and 

limited available literature on the subject no 

distinction will be made between the severity 

of threats. 

- When a dune scarp was present along the 

entire beach, a score of 1 was assigned. When 

a dune scrap was present along half of the 

beach or less, a score of 0,5 was assigned. 

When no dune scarp was present a score of 0 

was assigned. 

 

- When coastal development was present 

along the entire beach, a score of 1 was 

assigned. When coastal development was 

present along half of the beach or less, a score 

of 0,5 was assigned. When no coastal 

development was present a score of 0 was 

assigned. Coastal development includes 

facilities like bars, hotels, restaurants, dive 

shops, roads, etc. 

- The slope was measured three times 

because the slope is not straight, as seen in 

figure 6 below. The average of the three 

measurements is the slope of that point. This 

process was repeated 10 times. An average of 

the 10 points represents the slope of that 

beach. When the average slope on the beach 

was not between 9 and 15 degrees, a score of 

1 was assigned. When the average slope of 

the beach was between 9 and 15 degrees, a 

score of 0 was assigned.  

- The distance was measured at 10 points 

along the beach. An average of these 

measurements represents the distance of that 

beach. When the average distance between 

the high tide line and the end of the beach 

was below 8 meters, a score of 1 was 

assigned. When the average distance 

between the high tide line and the end of the 

beach was 8 meters or above, a score of 0 was 

assigned. 

- When more than half of the beach was 

covered with sargassum, a score of 1 was 

assigned. When less than half of the beach 

was covered with sargassum, a score of 0 was 

assigned. 

- When human disturbance was present along 

the entire beach, a score of 1 was assigned. 

When human disturbance was present along 

half of the beach or less, a score of 0,5 was 

assigned. If no human disturbance is present a 

score of 0 was assigned.  

Figure 6. Measuring the slope of a point of the beach. Average slope of 
the three measurements represents the slope of that point. 
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2.4 Data analysis 

2.4.1 Turtle patrol data 
Nesting data 

This is the tab in the datasheet which was 

solely used when any signs of nesting activity 

were spotted during the patrol (e.g., tracks, 

body pits, nests, etc.). It was of great 

importance that the data is filled in precisely 

to prevent confusion later.  

Patrol data 

The patrol tab was filled in after each patrol, 

even if no nesting activity was encountered 

the patrol was still logged. This datasheet is 

relatively simple and only required the date, 

time, patroller and patrolled beach. In case no 

nesting activity was encountered, ‘no signs’ 

was filled in in the comment section of the 

tab. If there was nesting activity spotted, it 

was described shortly in the comment 

section. 

2.4.3 Correlation threat score and total 

nesting activity 
Finally, tests were performed in SPSS to draw 

accurate conclusions based on statistical 

evidence. During this step, the threat scores 

were compared to the nesting activity on the 

beaches. First, the data was checked to 

confirm that the data is suitable to perform a 

correlation test.  

 

The assumptions for the Spearman correlation 

test are, variables should be ordinal or scale, 

the variables represent paired observations 

and there is a monotonic relation between 

the variables. Since the data passed all test 

assumptions, a Spearman correlation test was 

performed to confirm if there was a 

correlation between the number of threats 

and nesting activity on the beaches. A 

scatterplot graph was used to give a clear 

overview of the correlation.  

3 Results 
Where and how often does nesting activity 

take place on Sint Maarten?  

The total nesting activity (TNA) of 2021, 

including, false crawls, nesting attempts, 

unconfirmed nests and confirmed nests, of all 

beaches combined is 17. Hatchings also count 

as nesting activity since that means a 

successful nest that was missed during the 

turtle patrols. A total of 5 false crawls, 2 

attempts to nest, 6 confirmed nests and 4 

hatchings were recorded. Every sighting was 

of the species Hawksbill turtle (Eretmochelys 

imbricata). An outlier in the data is recorded 

at Dawn Beach (TNA 10) with very high 

nesting activity compared to other beaches. 

An overview of the nesting activity can be 

seen in table 1. 
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Which beaches are exposed to these factors 

hindering nesting activity and to what extent? 

Every beach included in this research turned 

out to be exposed to hindering factors to 

some extent. The highest threat score (TS) 

theoretically possible is 7, which would occur 

if every hindering factor is present at a beach. 

The beach least exposed to these factors is 

Guana Bay Beach (T.S. = 1,5). The beach most 

exposed is Maho Beach (TS = 5).  

The overview of all scores each beach got 

assigned for every factor (0, 0,5 or 1) can also 

be found in table 1. These scores were added 

up to create a threat score for every beach, 

which can also be found in table 1 under the 

heading TS. 

What is the correlation between threat score 

and the nesting activity on Sint Maarten? 

The spearman correlation test, run in SPSS to 

determine the relation between the threat 

score and total nesting activity, showed a 

moderate negative relation which was  

 

statistically significant (rs = -.681, p = .044). In 

the scatterplot in figure 7 points are visible 

even though 9 beaches were researched. This 

can be explained by the fact that three 

beaches had the same values for threat score 

and total nesting activity.  

Cupecoy beach (CB), Mullet bay beach (MBB) 

and Great bay beach (GBB) all have the values 

TS = 3 and TNA = 0. Hence, these three 

beaches are represented by the same point in 

the scatterplot in figure 7. All other beaches 

are represented by an individual point as they 

have a unique value combination of threat 

score and total nesting activity. 

Due to the low number of data points, adding 

a trendline into the scatterplot did not 

provide any valuable information as it would 

end up with a relatively low R2 value. To prove 

that the trendline did not provide useful 

information about the data points, different 

points were removed, causing the R2 value of 

the line to change significantly. 

Figure 7. Scatterplot of correlation between threat score (TS) and total nesting activity (TNA) 
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Looking at the total nesting activity, Dawn 

beach is the preferred beach for Hawksbill sea 

turtle nesting activity with TNA = 10. Looking 

at the threat score, however, it would be 

expected that Dawn beach (TS = 2,5) would 

have a lower TS than Gibbs bay (TS = 2) and 

Guana bay (TS = 1,5). These three beaches 

had the highest TNA values, which is 

remarkable since these beaches are located 

relatively close together (Figure 8). 

It is interesting to see that all beaches with a 

threat score of 3 or higher, Cupecoy beach (TS 

= 3), Mullet bay beach (TS = 3), Great bay 

beach (TS = 3), Little bay beach (TS = 3,5) and 

Maho beach (TS = 5), all have a TNA of 0. This 

is with the exception of Simpson bay (TS = 

3,5), where 1 sighting of nesting activity was 

recorded. 

4 Conclusion 
To answer the main research question “To 

what extent do factors that negatively affect 

nesting activity influence the nesting activity 

on the beaches of Sint Maarten?”, it can be 

concluded that factors negatively affecting 

nesting activity have a moderate negative 

impact on the nesting activity of beaches on 

Sint Maarten.  

 

 

The spearman correlation test, conducted in 

SPSS, shows a statistically significant 

moderate negative relation between threat 

score and nesting activity (rs = -.681, p = .044). 

This means that the number of factors that 

are present at each beach influence the total 

nesting activity to some extent, but no strong 

correlation is present.  

The data clearly shows that when more 

factors were present, fewer sightings of 

nesting activity were recorded. Looking at the 

data you could say that if the threat score is 

higher than 3, sea turtle nesting activity is 

barely or not present. On beaches with a 

threat score of 2,5 or lower, nesting activity is 

relatively higher. However, it is not necessarily 

true that the lowest threat score equals the 

highest total nesting activity.  

Another interesting finding is that almost all 

of the total nesting activity encountered 

throughout the research took place on the 

beaches Dawn beach, Gibbs bay and Guana 

bay. These beaches are all close together, on 

the east side of the island. These beaches also 

had the lowest threat scores. This means 

location may impact either the threat score, 

total nesting activity or both. 

Figure 8. Map of nesting beaches with threat score (TS) and total nesting activity (TNA) 
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5 Discussion 

5.1 Duration of research 
The duration of this research was relatively 

short since it is an internship research for 

study purposes. This means that the period of 

monitoring was relatively short as well. This is 

because data from earlier years could not be 

used as threat scores of each beach is 

unknown for those years. The presence of 

factors earlier in 2021 was confirmed by 

Nature Foundation staff, who consistently 

executed the beach patrols before this project 

internship started. 

Research shows that long-term, frequent 

monitoring greatly improves the quality of 

research (Addison, Flander, & Cook, 2015). 

Using long-term monitoring as a tool for data 

collection in ecological research is essential to 

create accurate conclusions (Hughes et al., 

2017). Due to the more accurate results of 

long-term monitoring, this method greatly 

contributes to advancing scientific 

understandings (Giron-Nava et al., 2017). It is 

critical to design a proper monitoring program 

to be able to monitor with maximum 

efficiency (White & Bahlai, 2021).  

Especially since coastal ecosystems are very 

dynamic, thus change constantly (Short, 2012; 

Kennedy, McInnes, & Ierodiaconou, n.d.), 

long-term monitoring is of utmost 

importance. Even though monitoring took 

place consistently throughout the research to 

ensure sightings of factors were constant, it 

still is a snapshot of the situation. The factors 

present at each beach could be different next 

month. If time constraint was out of the 

question and these methods would be 

applied, it would enhance the reliability and 

quality of this research. 

A result of relatively short duration is a low N-

value of the data. This made it impossible to 

use a Pearson correlation test, which would 

be most common for this type of research 

(Nettleton, 2014).  

Because of the low N-value and other 

assumptions like linearity and the absence of 

outliers that were not met (Statology, 2021; 

Van Grevenhof, n.d.), the Pearson correlation 

test could not be used. Instead, the Spearman 

correlation test was used, which was not 

optimal for this type of research.  

5.2 Statistical weight of factors 
Weighing factors was not possible due to time 

limits and limited literature available on the 

studied subject. Weighing factors is useful as 

it compares their environmental impact 

(Meijer, 2021). Not every factor present may 

have the same negative impact on nesting 

activity. For example, in this research, if 

artificial lighting was present a score of 1 was 

assigned. If coastal development was present, 

a score of 1 was assigned as well. However, in 

practice, artificial light could have a larger 

negative impact on nesting activity than 

coastal development. If that would be the 

case, artificial light should get a higher 

statistical weight to increase its effect on the 

computation, thus including its greater 

importance (Eurostat, 2011).  

5.3 Extraneous variables 
This research is field research, not laboratory 

research. In a laboratory setup, variables are 

very controllable, ensuring that detected 

correlations are only between variables that 

were planned to be researched (Aziz, 2017). 

Field research is done in a less controllable 

environment, meaning there is less control 

over extraneous variables (Mcleod, 2012). 

These are variables that are not officially 

included in the research but may bias the 

results (Cherry, 2021). Adding more factors 

into this research would eliminate some of 

the extraneous factors. This was unfeasible in 

this research because of time constraints.  
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5.4 Order of beach patrols 
During this research, the beaches were 

walked in a consistent order in agreement 

with the Nature Foundation. However, if the 

order of patrolled beaches would be random, 

it could give different results. Random 

sampling is the least biased of all sampling 

techniques, meaning subjectivity does not 

influence results (Royal Geographical Society, 

n.d.). Random sampling also ensures high 

internal and external validity (Acharya, 

Prakash, Saxena, & Nigam, 2013). Internal 

validity shows the extent to which 

observations within the sampled population 

represent the truth and are not caused by 

methodological errors. External validity shows 

to what extent the results of the research 

represent the truth in real life (Patino & 

Ferreira, 2018). A disadvantage of random 

sampling might be that it is less precise than 

systematic sampling (Acharya, Prakash, 

Saxena, & Nigam, 2013). 

6 Recommendations 
For future research, it is recommended that 

monitoring takes place more frequently and 

long- term. As studies show that this method 

greatly improves the quality of the results and 

outcomes of the research. Also, a proper 

monitoring program should be designed, 

which focuses on optimal methods and 

materials which take the changes of a 

dynamic coastal ecosystem into 

consideration. 

It is encouraged to continue the research for a 

longer period to collect more data. By doing 

this a higher N-value of the data can be 

achieved. This increases the possibility of 

being able to execute a Pearson correlation 

test if it is the case that other test 

assumptions are met as well. Executing a 

Pearson correlation test in this type of 

research may give better results. In future 

research, it would be very valuable to do 

more in-depth statistical analyses with 

weighted factors. If factors are weighed, they 

will represent reality more accurately. 

It would be very interesting to look into the 

impact location on the island has on the 

threat score and/or total nesting activity. 

Separate research could be conducted which 

compares the beaches on the east coast to 

the other beaches on the island. In addition to 

location, more factors could be taken into 

consideration to minimize the impact of 

extraneous variables even more. Even though 

it is impossible to eliminate all extraneous 

variables in field research, it should be 

attempted to minimize them as much as 

possible. 
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Back up table which will be removed in the final version 

Table 1. score per factor, threat score and total nesting activity per beach. Art. = Artificial; dev. = development; dis. = 
distance; htl = high tide line; bl = beach line; disturb. = disturbance; TS = threat score; TNA = total nesting activity 

 

Beach Art. Light 
Dune 
scarp 

Coastal 
dev. 

No slope 
/too steep 

Short dis. 
htl to bl 

Sargassum 
Human 
disturb. 

TS TNA 

CB* 0 0 0 1 1 0 1 3 0 
MBB 0,5 0,5 0,5 1 0 0 0,5 3 0 
MB 1 0 1 1 1 0 1 5 0 
SB 0,5 0,5 1 1 0 0 0,5 3,5 1 
LBB 1 0 0,5 1 0 0 1 3,5 0 
GBB 1 0 1 0 0 0 1 3 0 
GU 0 0 0 0 0 1 0,5 1,5 4 
GI 0 0 0 0 1 1 0 2 2 
DB 1 0 1 0 0 0 0,5 2,5 10 
*Cupecoy beach could not be measured for slope and distance since water reached the back of the beach often, meaning there was no area 
to measure. Due to this a score of 1 was assigned as this makes nesting unlikely to impossible. 


