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A B S T R A C T

Microplastics can impact key habitats used by endangered species, such as marine turtles. They impact the
environment by transporting toxicants and altering sediment properties affecting temperature and sediment
permeability. Our study determined the exposure of the ten most important nesting sites for the Northern Gulf of
Mexico Loggerhead Recovery Unit to microplastic. Sand samples were obtained at each nesting site during the
2017 nesting season and analyzed for abundance and characteristics of microplastic. Microplastic was found at
all sites, with an average abundance of 61.08 ± 34.61 pieces/m2, and 59.9% located at the dunes, where turtles
primarily nest. A gradual decrease in microplastics abundance was observed from the most western nesting
ground to the east. The results from this study indicate that microplastic accumulation on nesting sites for the
Northern Gulf of Mexico may be of great concern, and could negatively affect the incubating environment for
marine turtles.

1. Introduction

Increased plastic production and consumption has resulted in mil-
lions of metric tons of plastic each year polluting our oceans and land
globally with about 10% of that plastic found in plastic gyres in the
ocean (Jambeck et al., 2015; Sivaramanan, 2014). Since most plastics
are resistant to biodegradation or take decades to gradually break down
through mechanical action, there has been a growing concern of plastic
accumulation in the environment (Barnes et al., 2009; Kyrikou and
Briassoulis, 2007; Law et al., 2010; Thompson et al., 2004). Larger
plastic can breakdown into microplastic (Hidalgo-Ruz et al., 2012),
which are defined as plastic particles< 5mm and typically over
333 μm (Arthur et al., 2009). Microplastics can also be deliberately
manufactured for consumer products (i.e. “microbeads” in facial and
hand soap) (Andrady, 2011; Hidalgo-Ruz et al., 2012). Consequently,
there has been a widespread increase of microplastic particularly in
coastal areas, facilitated by the fact that the plastic particles can be
easily transported over long distances through ocean currents
(Andrady, 2011; Cole et al., 2011; Wright et al., 2013).

Although the impacts of plastic and marine debris on wildlife is well
documented and understood (i.e. entanglement, ingestion, pollutant)
(Derraik, 2002; Law et al., 2010; Rios et al., 2007), the effects of mi-
croplastics have been relatively understudied (Desforges et al., 2014;
Ng and Obbard, 2006). Potential impacts may be caused by bioaccu-
mulation and discharge of toxics (Anderson et al., 2015; Wright et al.,

2013). Microplastic can be ingested by suspension and therefore filter
and deposit feeders, detritivores and planktivores species may accu-
mulate microplastic within their tissues and consequently transfer them
through the food web via point source pollution (definitive source of
pollution) or non-point pollution (pollution from multiple origins)
(Auta et al., 2017; Sun et al., 2017; Williams, 2017; Wright et al., 2013).
In addition, toxicants from microplastics may be induced into the en-
vironment due to chemical additives leaching out of degrading micro-
plastic or by accumulating hydrophobic organic contaminants that
could separate after being ingested which may be abetting to the de-
cline of hatchling success (Cole et al., 2013; Velasco, 2016). The spread
of these toxicants throughout the food web can negatively impact many
different marine species.

Microplastics can also impact species indirectly by changing the
composition of coastal environments and indirectly impact species that
rely on these areas for their survival (Claessens et al., 2011; Wessel
et al., 2016). This is likely the case for marine turtles, which use coastal
areas to lay their eggs, and have their egg incubation influenced by nest
temperature (Fuentes et al., 2016). Since plastics have a higher specific
heat than sand (Andrady, 2011; Wen, 2007), when combined with
sand, microplastics it may increase the sand temperature, especially if
the pigment of the plastic is dark (Andrady, 2011). This could poten-
tially affect the nesting environment of marine turtles and consequently
affect sex ratio of hatchling and reproductive success of nests. Coastal
areas and consequently marine turtle nesting environment may be
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further impacted by toxicants released by microplastics when they are
heated (Lithner et al., 2011; Yang et al., 2011).

Given, the potential impacts of microplastic on marine turtle in-
cubating environment it is crucial to determine the exposure of marine
turtle nesting sites to microplastic and the potential impacts that they
can have on the incubating environment. However, there is a lack of
studies documenting the exposure of marine turtle nesting sites to mi-
croplastic and the potential impacts of microplastic on marine turtle
nesting environment. To address this and provide a baseline for future
studies, we examined the abundance, distribution and composition of
microplastic at the ten most important nesting sites for the northern
Gulf of Mexico Loggerhead Recovery Unit in Florida, United States.

2. Material and methods

2.1. Study area

We sampled the coastal sandy sediments at the ten most important
nesting sites for the Northern Gulf of Mexico (NGM) loggerhead (Caretta
caretta) Recovery Unit in Florida, which includes (from west to east): St
Joseph State Park, St Joseph Peninsula, Cape San Blas, Cape San Blas
AFB, St. Vincent National Wildlife Refuge, Cape St George, St George
Island, St George Island State Park, Dog Island and Alligator Point
(Table 1; Fig. 1). Loggerhead turtles from this recovery unit (which nest
from Franklin County, Florida, west through Texas, including Alabama)
are part of the Northwest Atlantic Ocean Distinct Population Segment
and are a federally threatened species (Encalada et al., 1998; Group,
S.F.S.C. (U. S.). T.E.W, 2009). The NGM loggerhead Recovery Unit nests

during the northern hemisphere summer months (May to August),
which is when samples were collected.

2.2. Sample collection

At each of the ten nesting sites samples were collected at three
equally distributed transects. At each transect, two 0.25m×0.25m
quadrats were selected (one at high tide and the other at the dunes) for
a total of six samples per nesting site. At each sampling quadrat, the
GPS coordinates were obtained and large pieces of debris were lightly
brushed off the surface and removed from our samples. The top layer of
sand (approximately 5–6 cm deep) was collected and placed into a
plastic container (~2 L) and transported to the lab to be processed.

2.3. Microplastic separation

Microplastic pieces were separated from the sand through a density
separation process, were a saturated salt solution of 1.167 g/ml was
used. Hence, microplastics that had a greater density than 1.167 g/ml
were not considered in this study (Löder and Gerdts, 2015). The sedi-
ment sample was mixed with 1.5-liter salt solution and agitated (by
stirring) for 30 s. The sediment was then left to settle for 2min. During
this time, the microplastics either floated to the top of the surface or
stayed in suspension while the sand settled to the bottom of the con-
tainer. Microplastics were scooped out of the solution using a 63-mi-
cron sieve, and placed on petri dishes. Any non-plastic materials that
were visually seen were removed. The water was then separated from
the sand into another container and any visible microplastic was
scooped out using a 63-micron sieve. After obtaining all visible mi-
croplastics, the solution was then filtered through a 125-micron sieve to
ensure that all visible microplastics were collected. Collected micro-
plastics were sorted onto petri dishes and left out to dry in a climate
controlled environment to prevent further degradation. Once dry, the
collected microplastics were assessed under a digital professional tri-
nocular stereo zoom dissecting microscope (Amscope SM-1TNX-144-M)
to confirm that they were microplastics (Löder and Gerdts, 2015). A
drop of 10% HCl was placed on any pieces that looked like they could
be a shell to determine whether they were plastic or shell; if the solid
bubbled (started decomposing) (Sukhorukov et al., 2004), then it was
discarded and deemed not plastic.

Table 1
Beach size (km) for the ten nesting sites, ordered from West to
East, where sediment samples were collected for microplastic
analysis.

Nesting site Beach size (km)

St. Joseph State Park 14.92
St. Joseph Peninsula 8.58
Cape San Blas 9.97
Cape San Blas AFB 2.72
St. Vincent NWR 14.24
Cape St. George 14.85
St. George Island 16.37
St. George Island SP 13.49
Dog Island 12.46
Alligator Point 7.69

Fig. 1. Nesting sites in the Northern Gulf of Mexico
sampled during the 2017 loggerhead nesting season
for this study. From west to east the nesting sites are:
St Joseph State Park, St. Joseph Peninsula, Cape San
Blas, Cape San Blas AFB, St. Vincent National
Wildlife Refuge, Cape St. George, St. George Island,
St. George Island State Park, Dog Island and Alligator
Point.
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2.4. Microplastic composition analysis

For each sample, we quantified the abundance of microplastic, and
for each microplastic piece determined their shape (hard, soft, strand,
foam, and other), color (black, blue, cream, gold, orange, pink, red,
turquoise, white, and yellow) and mass (g) (as per Wessel et al., 2016).
Each microplastic was weighed individually on a sensitive balance and
then added to obtain the total mass of the microplastics found at each
nesting site. Microplastics that were too small for the scale to detect
were recorded as 0 g (n=2). We conducted an ANOVA in R (version
3.4.3) (R Core Team, 2017 to determine whether the average density of
microplastics at each nesting site were significantly different.

3. Results

3.1. Distribution and abundance of microplastic at nesting sites

Microplastic pieces were observed at each of the ten nesting sites, with
a total of 32 pieces found across all the sites sampled (Figs. 2 and 3). The
majority (59.9%) of the pieces were found in samples from the dunes and
the remaining pieces were from samples from the high tide mark. Mi-
croplastic density did not vary among the beaches (p-value=0.687) and
ranged between a maximum average of 16.0 ± 10.1 pieces/m2 at St Jo-
seph Peninsula and 16.0 ± 26.8 pieces/m2 St Joseph State Park and a
minimum of 2.7 ± 6.5 pieces/m2 at Dog Island and 2.7 ± 6.5 pieces/m2

St George Island State Park (Table 2). When plotting the total abundance,
there was a gradual decrease in microplastic abundance from western
beaches to eastern beaches (Fig. 2).

3.2. Shape of microplastic at nesting sites

All the microplastics found during this study were secondary mi-
croplastics (plastics degraded to<5mm), except for one “microbead”
found at Cape San Blas. Hard plastics (43.8%) were the most abundant
type of microplastic, with 80% of the nesting sites having hard plastic
and a combination of another type of plastic. The exception to this was
St. George Island State Park, where all the microplastic were foam and
at Dog Island where all the microplastics were strands (Fig. 4).

3.3. Color of microplastics at nesting sites

Ten different colors of microplastics were observed across our
samples (Fig. 5), with white and orange (18.8%) being the most
abundant colors (Fig. 5). Six of the locations had at least one white

Fig. 2. Abundance of microplastic at each of the ten nesting sites used by the
Northern Gulf of Mexico Loggerhead Recovery Unit, from west to east from
samples collected during the 2017 marine turtle nesting season.

Fig. 3. Examples of microplastics found at each nesting
site, from west to east: a) St. Joseph State Park, b) St.
Joseph Peninsula, c) Cape San Blas, d) Cape San Blas AFB,
e) St. Vincent NWR, f) Cape St. George, g) St. George
Island, h) St. George Island State Park, i) Dog Island, j)
Alligator Point. One microplastic (a small white strand) is
not seen in image f. because it was not visible on a white
background.
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microplastic within their sediment sample (St. Joseph State Park, St.
Joseph Peninsula, Cape San Blas AFB, Cape St. George, St. George Is-
land and Alligator Point). Black (15.63%) was the next most commonly
found color followed by cream (15.2%). Gold (3.1%) and pink (3.1%)
were the least common colors observed among our samples.

3.4. Mass of microplastic at nesting sites

The average weight of the microplastic pieces found across our

study sites was 0.001022 ± 0.0027 g and the average mass of total
microplastics at each nesting site was 0.0003225 ± 0.0058 g. The
heaviest microplastic found was 0.01505 g from St Joseph Peninsula,
and the lightest microplastics weighted<0.00001 g (Fig. 6). Overall, St
Joseph Peninsula had the largest total mass of microplastics (0.01919 g)
and St. George Island State Park had the smallest total mass of micro-
plastics (0.00008 g).

4. Discussion

All of the ten most important marine turtle nesting sites for the
Northern Gulf of Mexico loggerhead Recovery Unit in Florida were
exposed to microplastic. The majority of microplastic pieces were found
in samples from the dune, which is where loggerhead turtles tend to
nest. No other study to date has specifically investigated the con-
centration of microplastic at marine turtle nesting sites, however when
compared to other similar studies (Table 3) our values were within the
range of previously recorded amounts. Our study found a greater
average abundance of microplastics (61.08 ± 34.61 pieces/m2) com-
pared to the coast of Alabama, USA (50.6 ± 9.96 pieces/m2) (Wessel
et al., 2016), the continental coast of Chile (27 ± 2.6 pieces/m2)
(Hidalgo-Ruz et al., 2012) and in The Great Lakes, USA
(43.157 ± 115.519 pieces/m2) (Eriksen et al., 2013). However, other
studies have also reported larger amount of microplastics in Mumbai,
India (155.33 ± 63.48 pieces/m2) (Jayasiri et al., 2013), in Pearl
Harbor Estuary, USA (5595 ± 27,417 pieces/m2) (Fok and Cheung,
2015), in Walpole, USA (10,500 pieces/m2 in) and in Fort Pierce, USA
(21,500 pieces/m2) (Graham and Thompson, 2009).

At the nesting sites studied, concentrations of microplastic per site,
decreased from western to eastern sites. This could be due to the
proximity of the western most sites to the loop current in the Gulf of
Mexico and currents that flow into it (Perry et al., 2016). The current
travels from the western Caribbean Sea up into the Gulf Stream and
creates a loop in the northern middle part of the Gulf of Mexico (Sturges
et al., 2000), potentially transporting accumulated microplastic and
plastics throughout its path. Another potential cause for the differential
longitudinal accumulation of microplastic could be related to the near-
shore currents in the Gulf of Mexico moving from east to west
(Lindstedt and Holmes Jr, 1989), therefore pushing the debris towards
the west. Microplastic are likely produced as the plastic in the currents
weathers down. Similar results were found from samples from Alabama
in the Northern Gulf of Mexico, where locations that were more directly
exposed to marine currents and tidal flow had a larger microplastic
abundance and diversity than samples from areas that were less marine-
influenced (Wessel et al., 2016). Similarly, a study done along the coast

Table 2
Average density of microplastic (pieces/m2) for the ten nesting sites used by the
Northern Gulf of Mexico Loggerhed Recovery Unit where sediment samples
were collected in the summer of 2017.

Nesting site Average density of microplastics (pieces/m2)

St. Joseph SP 16.0 ± 10.1 pieces/m2

St. Joseph Peninsula 16.0 ± 26.8 pieces/m2

Cape San Blas 10.7 ± 19.4 pieces/m2

Cape San Blas AFB 10.7 ± 13.0 pieces/m2

Cape St. George 8.0 ± 13.4 pieces/m2

Alligator Point 8.0 ± 8.8 pieces/m2

St. Vincent NWR 5.3 ± 8.3 pieces/m2

St. George Island 5.3 ± 13.1 pieces/m2

St. George Island SP 2.7 ± 6.5 pieces/m2

Dog Island 2.7 ± 6.5 pieces/m2

Fig. 4. The average microplastic shape composition (%) found at each nesting
site (from west to east) used by the Northern Gulf of Mexico Loggerhead
Recovery Unit, from samples collected during the 2017 loggerhead nesting
season.

Fig. 5. The average microplastic color composition (%) from our samples col-
lected during the loggerhead nesting season in 2017 from the ten most im-
portant nesting sites used by the Northern Gulf of Mexico Loggerhead Recovery
Unit.

Fig. 6. The total mass of microplastics found at the most important nesting sites
used by the Northern Gulf of Mexico Loggerhead Recovery Unit from west to
east. Samples were collected during the 2017 loggerhead nesting season. The
bar labels show the number of microplastics at each nesting site.
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of Gulf of Mexico and the Atlantic Ocean found that both the Caribbean
and Gulf Stream could influence the movement of microplastics be-
tween different areas (Yu et al., 2018). Another study found a larger
abundance of ocean-based debris in the western Gulf of Mexico and
lower in the eastern Gulf of Mexico (Ribic et al., 2011). Our study
confirms that the tides from the Gulf may be a major factor influencing
microplastic accumulation on shorelines of the Gulf of Mexico. As
suggested by Wessel et al. (2016) coastal areas and hence nesting sites
leeward of currents and with strong tidal influence may be particularly
exposed to microplastic. This could be an issue for the NGM loggerhead
Recovery Unit as they nest from Franklin County, Florida west through
Texas, including Alabama, where nesting grounds are exposed to cur-
rents from the Gulf of Mexico.

Given the lack of knowledge on how microplastic affects the sand
and hence marine turtle incubating environment, it is hard to determine
the implications from these exposures. The addition of microplastics
with sand may increase the overall temperature of the sediment be-
cause plastics have a greater specific heat than sand, and more speci-
fically if the pigment is dark (Andrady, 2011). Also, most commercially
available plastics contain harmful chemicals with estrogenic activity
that leach out of them when they are heated (Yang et al., 2011). A high
amount of estrogen has a potential to alter reproductive development
and affect wildlife populations including reptiles (Bergeron et al.,
1994). Both macro- and microplastics have been found in marine turtles
(Caron et al., 2018), of which toxicants that leach out of these polymers
have been linked to low fertility and low reproductive success (Velasco,
2016). Thus, it is hypothesized that large concentrations of microplastic
in the sand could indirectly affect marine turtle embryo development by
altering the nest temperature and consequently influence sex ratio and
hatchling success. Also, adult marine turtles can easily mistake plastic
as food, therefore if large amounts macro- or microplastics are ingested
by the mother, this could negatively impact hatchling success and de-
velopment (Cammilleri et al., 2017). Successful marine turtle egg in-
cubation only occurs within a narrow thermal range of 25 to 33 °C
(Gross et al., 1995; Standora and Spotila, 1985). Additionally, marine
turtles have temperature-dependent sex determination (TSD), where
the primary sex ratio of hatchlings is determined by nest temperature
during the middle third of incubation (Mrosovsky, 1980; Mrosovsky
and Yntema, 1980), with warmer temperatures producing more females
and cooler producing more males.

Considering the potential impacts of microplastic on marine turtle
nesting environment and that microplastic was found at every im-
portant nesting site for the Northern Gulf of Mexico loggerhead
Recovery Unit in Florida, a clear need exists to assess how microplastic
affects marine turtle nesting environment. More in-depth specifically
research is needed on how different types of microplastic and densities

influence the thermal profile of the nesting environment and the im-
plications of potential toxicants contamination from exposure to mi-
croplastic. As important, it is the need for studies, such as this one, to
determine baseline values of microplastic concentrations, to identify
future changes in abundance and type of microplastic in coastal areas.

We recommend that future studies collect larger samples than the
ones collected herein (~2 L), and across a larger temporal scale. Our
ability to collect larger samples was influenced by the remoteness of
some of the sites and logistical constraints. Similarly, we suggest that
future studies use a higher density solution when separating micro-
plastics, we separated microplastics with a salt solution with a density
of 1.167 g/ml which limited the study to only collecting microplastics
that had a density of 1.167 g/ml or less. Therefore, there may have been
microplastics in the samples that had a greater density (e.g. polyvinyl
chloride, polyethylene terephthalate, polycarbonate, and polyurethane)
that were not accounted for (Löder and Gerdts, 2015).

Finally, this study provided baseline information on microplastic
abundance, distribution, and composition at marine turtle nesting sites
in the northern Gulf of Mexico. This should form the basis for future
studies and monitoring. Results can also be used to bring awareness to
the issue of marine debris and microplastic in coastal areas and po-
tential implications to endangered species.
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