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Pollution from anthropogenic marine debris, particularly buoyant plastics, is ubiquitous across marine ecosystems. Due to the persistent nature of plastics in the environment, their buoyancy characteristics, degradation dynamics, and ability to mimic the behavior of natural prey, there exists significant opportunity for marine organisms to ingest these man-made materials. In this study we examined gastrointestinal (GI) tracts of 42 post-hatchling loggerhead (Caretta caretta) sea turtles stranded in Northeast Florida. Necropsies revealed abundant numbers of plastic fragments ranging from 0.36 to 12.39 mm in size (length), recovered from the GI tracts of 39 of the 42 animals (92.86%), with GI burdens ranging from 0 to 287 fragments with a mass of up to 0.33 g per turtle. Post-hatchlings weighed from 16.0 to 47.59 g yielding a plastic to body weight percentage of up to 1.23%. Several types of plastic fragments were isolated, but hard fragments and sheet plastic were the most common type, while the dominant frequency of fragment color was white. Fragment size and abundance mixed with natural gut contents suggests significant negative health consequences from ingestion in animals at this life stage. Gaining greater insight into the prevalence of plastic ingestion, the types of plastic and the physiological effects of plastic consumption by multiple life-stages of sea turtles will aid the prioritization of mitigation efforts for the growing marine debris problem. This report demonstrates that plastic ingestion is a critical issue for marine turtles from the earliest stages of life.
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INTRODUCTION

The accumulation of persistent anthropogenic debris in the marine environment in recent years has reached epic proportions. Plastics have become the most ubiquitous form of marine debris globally (Derraik, 2002; Cole et al., 2011), reaching a staggering 299 million tons as of 2013 (Wright et al., 2013). Plastic pollution has been identified in practically every environment (air, soil, freshwater, ice, and marine), from high mountain tops to the deepest oceanic trench (Peeken et al., 2018; Allen et al., 2019; Choy et al., 2019; Brahney et al., 2020; Kane et al., 2020; Kelly et al., 2020). It has even been shown that each human unintentionally ingests 50,000 microplastic particles per year, and also breathes in a similar level (Cox et al., 2019). Originating mostly from land-based sources such as landfills and manufacturing plants, packaging and single-use plastic items comprise 40% of all plastic production (Van Buskirk and Crowder, 1994). One area of particular concern is the long “life” plastics have in the marine environment. Plastics derived from petro-chemicals, which began mass production in the 1950s, continue to persist and accumulate in the marine environment despite weathering, fragmentation, embrittlement, ultraviolet (UV) photolysis, and biodegradation. Plastic items eventually physically disintegrate into smaller sizes, but this does not change their effective mass in the environment, potentially remaining chemically intact for centuries (Worm et al., 2017). The United Nations Joint Group of Experts on the Scientific Aspects of Marine Pollution (GESAMP) determined that land-based sources account for up to 80% of the world’s marine pollution (GESAMP, 1991). The systematic degradation process of plastic products generates distinct size classes of plastic debris (macro, meso, micro, and nano particles), each of which bring their own detrimental biological impacts (Anderson et al., 2015; Rochman et al., 2016) and can affect a wide diversity of marine fauna. Both vertebrate and invertebrate taxa living in a wide range of habitats from oceanic to interstitial are impacted by plastic waste (Wright et al., 2013; Crump et al., 2020). For some species, including sea turtles (Bjorndal et al., 1994; Duffy and Burkhalter, 2020), plastics pose a threat of entanglement, habitat degradation and ingestion. Micro-plastics occupy similar size ranges as some planktonic organisms (≤5 mm) and are consumed by pelagic and benthic marine organisms including planktivores, detritivores, and suspension feeders (Thompson et al., 2004; Li et al., 2016). Another notable concern is that buoyant plastic pieces themselves act as habitats/vectors, creating novel dispersal agents for a variety of microbial species into potentially non-native waters (Law et al., 2010). Similarly, these plastic pieces can provide refuges and places to deposit eggs for pelagic zooplankton where they previously could not, increasing their geographical range (Desforges et al., 2015). Moreover, pelagic zooplankton have been found to ingest microplastics, which could offer another path for further introduction to larger marine species, such as juvenile turtles.

The multi-faceted attributes of plastics such as their long life, chemical additives and changing physical features due to weathering, transport and dispersal contribute to the growing concern of this oceanic pollutant. Approximately 50% of the known floating plastic resides in the subtropical gyres of the North and South Atlantic, North and South Pacific and Indian Oceans (Anderson et al., 2015; Desforges et al., 2015). These currents and convergent zones not only encompass large areas of marine debris, but are also habitat for a vast diversity of biota (Carr, 1987). The North Atlantic Subtropical Gyre is a particularly complex habitat in terms of plastic accumulation due to the presence of the pelagic brown algae Sargassum-dominated drift (i.e., Sargassum natans and Sargassum fluitans) (Witherington, 2002). These floating macroalgal mats provide refugia for a variety of pelagic invertebrates and vertebrates (hydroids, copepods, insects, crabs, shrimp, polychaetes, bryozoans, fishes). The Sargassum community also provides crucial developmental habitat for oceanic-stage neonate sea turtle species. Following an initial period of frenzied swimming, these post-hatchling turtles recruit to the Sargassum from nesting beaches along the southeastern United States Atlantic coast and transit through the neritic zone heading for the oceanic zone (Wyneken and Salmon, 1992; Bolten, 2003a). These oceanic juveniles (Bolten, 2003a) or surface-pelagic juvenile life-stage sea turtles (Witherington et al., 2012) begin to feed on small zooplankton and seek refuge and food in floating Sargassum and flotsam (Bolten, 2003a; Witherington et al., 2012). Where the currents converge at Sargassum zones, marine debris poses a significant threat of ingestion to the immature turtles (Carr, 1987; Witherington et al., 2012). Due to their long complex life histories, migratory behavior and feeding ecology, multiple life stages of sea turtles are particularly vulnerable to marine debris, as they come into contact with and ingest plastic, mistaking it for prey items.

All seven sea turtle species have been shown to ingest plastic (Duncan et al., 2019). Marine debris ingestion and entanglement cause morbidity and mortality in all sea turtle species (Franzen-Klein et al., 2020). Furthermore, earlier life stages appear to be more severely affected than later stages (Campani et al., 2013; Table 1). To determine the prevalence of plastic ingestion in a population of post-hatchling sea turtles we examined the gut contents of 42 Caretta caretta post-hatchlings. These turtles are considered “washbacks” – post-hatchling transitional stage sea turtles that have emerged from the nesting beaches and have begun to feed. This transitional stage ends once the turtles reach the oceanic zone in the western Atlantic that is demarcated by the Gulf Stream (Bolten, 2003a). Early life-stages are potentially vulnerable to marine debris ingestion, but limited debris ingestion data exists for post-hatchling sea turtles. Therefore, we investigated the burden of ingested marine debris in deceased C. caretta post-hatchling washbacks. The behavior of C. caretta post-hatchlings is similar to that of other species of sea turtles (Wyneken and Salmon, 1992; Bolten, 2003b; Mellgren et al., 2003; Schuyler et al., 2012; Mansfield et al., 2014; Putman Nathan and Mansfield Katherine, 2015), therefore, the results revealed here are useful as a proxy to sea turtles in general. Loggerhead and green (Chelonia mydas) post-hatchling turtles, in particular, share similar feeding ecology (Boyle and Limpus, 2008).


TABLE 1. Comparison of sea turtle plastic ingestion incidence across research studies.
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MATERIALS AND METHODS

Necropsies were performed on 42 post-hatchling loggerhead sea turtles that died while at the Whitney Laboratory Sea Turtle Rehabilitation Hospital1. Rehabilitation and necropsy of deceased turtles was conducted in accordance with the high standards of Florida Fish and Wildlife Conservation Commission (FWC) rehabilitation permits MTP-16-228 to MTP-17-228. The post-hatchlings were transported to the University of Florida’s Whitney Laboratory Sea Turtle Rehabilitation Hospital by the FWC during the nesting season from August 2016 to November 2016 and August 2017 to November 2017 (Supplementary Table S1). These post-hatchlings washed ashore in North Florida and later died in rehabilitation. The health condition of post-hatchling washback turtles that strand is already poor (including surviving animals). All post-hatchlings were categorized as thin to emaciated and covered in epibiota. The nature of post-hatchlings stranding is that they were predominantly carried in by strong onshore winds and rough ocean conditions. During the 2016 and 2017 nesting seasons the hospital treated a total of 396 post-hatchlings, 293 of which were successfully released back into the ocean (Figure 1A). The remaining 103 died shortly after being admitted to the hospital or were dead on arrival. A subset (n = 42) of those dead post-hatchlings were necropsied, during which gut content was examined. Post-hatchlings stranded along an approximately 150 km stretch of north Florida coastline, from Nassau County to Flagler County (Supplementary Figure S1A). Deceased individuals were frozen at −20°C until necropsies were performed. Once a batch of carcasses were collected, individuals were thawed under refrigeration at 4°C. Post-hatchling biometric data was recorded as described by Bolten (1999) and the INDICIT Consortium (Bolten, 1999; INDICIT Consortium, 2018). Electronic calipers (iGaging Digital Caliper) were used to measure the maximum straight carapace length (SCLmax), by measuring the distance from the anterior edge of the carapace to the posterior tip of the supracaudals (Figure 1B). Width was measured using electronic calipers at the widest point of the carapace. Mass of the individual post-hatchling was measured using a digital gram scale (Tanita KD-200 Digital Scale).
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FIGURE 1. Analysis of plastic pieces identified from post-hatchling washback necropsies. Post-hatchling washback sea turtles. (A) Post-hatchling washback Caretta caretta sea turtles being released back into the Atlantic Ocean, North Florida, after being successfully rehabilitated at the University of Florida’s Whitney Laboratory Sea Turtle Hospital. (B) A deceased loggerhead (C. caretta) washback with scale bar, prior to necropsy. Dashed white line indicates maximum straight carapace length. (C) Intact intestinal tract of a loggerhead washback with arrows indicating presence of plastic. (D) Extracted gastrointestinal tract from a loggerhead necropsy, with scale ruler for size comparison, each box on the scale ruler is 1 cm2. (E) Comparison of the quantity of plastic pieces ingested by washbacks in 2016, compared to 2017. (F) Comparison of the dry mass of ingested plastic pieces in washbacks in 2016, compared to 2017. (G) Comparison of the proportion of ingested plastic to washback weight in 2016 washbacks, compared with 2017 washbacks. Boxplots were generated using BoxPlotR (Spitzer et al., 2014).


A scalpel was used to carefully remove the plastron of each animal (Figure 1C). The GI tract is easily identifiable and was removed in its entirety, from esophagus to cloaca. Scissors were used to incise along the GI tract exposing the contents (Figure 1D) – this method allowed the location of plastics within the GI tract to be observed. For each animal, the intestines and their contents were placed in a dish of deionized fresh water at a depth to fully cover the contents. To separate organic stomach contents from inorganics, forceps were used to massage the material. Organic matter, primarily unidentifiable digested contents, sank to the bottom of the tank while plastics floated to the surface and were collected with forceps. The inorganic material from each animal was cleaned in a 10% H2O2 solution in plastic petri dishes to remove any residual organic matter, utilizing methods adapted from sediment particle size distribution analysis (Osborne and Ellis, 2013). Inorganic material was then rinsed a minimum of three times with deionized water, processed through a vacuum filter [0.7 μm glass fiber filters, in accordance with Lusher and Hernandez-Milian (2018)] to remove moisture, and weighed. Filtered plastics that were observable with the naked eye were analyzed, as sea turtles are considered to be visual feeders (Schuyler et al., 2012). Each piece of plastic was also photographed and categorized under a dissecting microscope into one of three categories; hard plastics, soft plastics, latex. Hardness was determined by manually attempting to flex the material in accordance with MSFD “Guidance on Monitoring of Marine Litter in European Seas” (Galgani et al., 2013). Latex was determined visually to be a bendable, stretchy material. Each piece of hard plastic was measured at the widest point using a dissecting microscope. Color was documented and samples were assigned a color (white, transparent, brown, tan, green, red, blue, black, pink, purple, gray, yellow, and orange) also in accordance with MSFD “Guidance on Monitoring of Marine Litter in European Seas” (Galgani et al., 2013). Distributions and variances of data for all recorded datasets were checked; any datasets not displaying normal distribution (Shapiro–Wilk test) were log transformed. Any datasets not normally distributed (raw data or after log transformation) were analyzed using non-parametric statistical tests. P-values less than 0.05 were considered to be statistically significant.



RESULTS


Near Ubiquitous Plastic Ingestion

The initial health condition of stranded post-hatchling washback turtles was poor (including surviving animals), with all post-hatchlings being categorized as thin to emaciated and covered in epibiota. Out of 42 post-hatchling sea turtles analyzed, plastics were obtained from the gastrointestinal tracts of 39 individuals (92.86%). The mean SCL of these individuals was 57.127 mm (SD 7.648 and SE 1.18), ranging from 45.92 to 76.35 mm. The percent of plastic to body weight for each turtle was variable (Supplementary Table S1). The quantity, type and GI tract location of plastic obtained from each of the necropsied turtles was recorded (Supplementary Table S2).



Quantity, Mass (g) and Percent of Plastic to Body Weight

From the 42 post-hatchling marine turtles 2,068 pieces of plastic were recovered, with plastic burdens ranging from 0 to 287 pieces with an average of 49.24 ± 9.61 (±SE) pieces per individual. A significantly larger quantity of plastic (Mann–Whitney U test, U = 76.5, p = 0.00042) was ingested in 2017 compared to 2016 (Figure 1E). The average dry mass of plastic present was 0.09 ± 0.01 g, ranging from 0.00 to 0.33 g (Supplementary Table S1). There was no significant difference (Mann–Whitney U test, U = 143.5, p = 0.06724) between the dry mass of plastic recovered from 2016 post-hatchlings compared to 2017 post-hatchlings (Figure 1F). The average percent of plastic to body weight was 0.34 ± 0.0005%, ranging from 0.00 to 1.23% (Supplementary Table S1). There was no significant difference (Mann–Whitney U test, U = 127, p = 0.05486) between the average percent of plastic to body weight in 2016 post-hatchlings compared to 2017 post-hatchlings (Figure 1G).



Type of Ingested Plastic

Plastic from each category [as defined by Galgani et al. (2013), Industrial, Hard, Sheet, Balloon, Foam, Thread, Other] was identified with the exception of Foam (Figures 2A,B and Supplementary Table S2). Plastics were predominantly identified as Hard plastic (mean: 30.643 ± 7.482 pieces per turtle), followed by Sheet plastic (14.690 ± 2.619), Thread (2.786 ± 0.613), Balloon (0.929 ± 0.317), Other (0.119 ± 0.070), Industrial (0.071 ± 0.040), and Foam (0) (Figure 2A). There was a significant difference between the amount of plastic recovered from each category [Kruskal–Wallis test, chi-squared = 190.22, df = 6, p-value < 2.2e-16]. The most abundant category was Hard plastic, comprising 62.23% of plastic pieces identified.


[image: image]

FIGURE 2. Analysis of plastic types and hard plastic size ingested by post-hatchling washbacks. (A) Quantity of each type of plastic ingested by washbacks (2016 and 2017). (B) Quantity of washbacks that ingested each type of plastic type (2016 and 2017). (C) Percentage of macroplastic versus microplastic ingested (2016 and 2017). (D) Comparison of the maximum size of hard plastic ingested by 2016 washbacks, compared to 2017 washbacks. (E) Correlation of ingested hard plastic size to corresponding washback size (2016 and 2017).




Ingested Plastic Size (mm), Post-hatchling Length Correlations and Plastic Color

With the majority of plastics falling into the Hard category, these fragments were analyzed in more detail to record their size (measured on the longest axis) and color. The majority of plastic recovered from the post-hatchlings was microplastic (<5 mm), with just under 10% being macroplastic (>5 mm, Figure 2C). The maximum length of hard plastic fragments ranged from 0 to 12.393 mm, with an average of 2.825 ± 0.045 mm. Hard plastic fragments recovered from the 2016 post-hatchlings were significantly larger (t-test, p = 6.760E–44, df = 1286) than those recovered from the 2017 post-hatchlings (Figure 2D). There was no correlation between the average length of plastic ingested and the size (SCL, mm) of the post-hatchling (Figure 2E). Similarly, there was no correlation between the total mass of plastic ingested and the size (SCL, mm) of the post-hatchling, or the maximum length of plastic ingested and the size (SCL, mm) of the post-hatchling. Indeed, the longest plastic fragment identified (12.39 mm) was ingested by the smallest turtle (SCL, 45.92 mm). Together, this suggests that even small post-hatchlings are ingesting large pieces of plastic, accumulating high gastrointestinal tract plastic burdens.

In relation to plastic color, white plastics of varying size were determined to occupy the most abundant hard color frequency comprising 70% of the total sample, with other colors ranging from 7 to <1% each (Figure 3A).
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FIGURE 3. Analysis of plastic ingestion recovery location and color in post-hatchling washbacks. (A) Quantity of plastic pieces of each color recovered from washback necropsies (2016 and 2017). (B) Quantity of plastic pieces recovered from each gastrointestinal tract location (2017).




Gastrointestinal Tract Plastic Location

In the second year of data collection (2017) we implemented a more detailed approach to identifying location within the GI tract (esophagus, stomach, intestine) of these 18 post-hatchlings, as described by Galgani et al. (2013). The majority of plastic (94.29%) was recovered from the intestines, followed by 4.5% from the stomach and 1.21% from the esophagus (Figure 3B and Supplementary Table S2). Significantly more plastic [Kruskal–Wallis test, H(2) = 34.466, p < 0.00001] was recovered from the intestines than the stomach or esophagus. This location trend was also seen in each of the plastic type categories – in each category most of the plastic pieces were recovered from the intestines (Supplementary Table S2).




DISCUSSION

While microplastic ingestion has been shown to be near ubiquitous in older sea turtles the burden of plastic ingestion was not particularly high (Duncan et al., 2019). However, here we demonstrate that marine plastic debris present in the ocean environment is being ingested by post-hatchling (4.6–7.6 cm) loggerhead sea turtles near ubiquitously (92.86% of our deceased post-hatchling sample set) and at high burdens, up to 287 pieces of plastic in a single individual. While this study’s results focused solely on loggerheads, one green sea turtle (C. mydas) and one Kemp’s ridley (Lepidochelys kempii) also stranded and died during the study period. Both of these individuals had also ingested plastic (Supplementary Tables S1, S2), suggesting that plastic ingestion is occurring in post-hatchlings across multiple sea turtle species. With their indiscriminate feeding behavior (Nelms et al., 2016) post-hatchlings may mistakenly ingest plastic debris with likely negative health consequences. Ingested plastic mass accounted for of up to 1.23% of post-hatchling body weight, indicating the strong potential for plastic-related health issues. Marine debris ingestion and entanglement have caused morbidity and mortality in all seven of sea turtle species (Franzen-Klein et al., 2020). The incidence of plastic ingestion in these post-hatchlings is higher than that reported for later life-stages (Campani et al., 2013; Camedda et al., 2014; Vélez-Rubio et al., 2018). However, the incidence of plastic ingestion varies by year and geographic location (Gramentz, 1988; Witherington, 1994; Tomás et al., 2002; Parker et al., 2005; Boyle and Limpus, 2008; Campani et al., 2013; Camedda et al., 2014; Schuyler Q. et al., 2014a; Pham et al., 2017; Vélez-Rubio et al., 2018; Duncan et al., 2019; Table 1).

Entire generations of sea turtles are being impacted by plastic ingestion with no means of egesting larger fragments (hard plastic up to 12.39 mm in length in the post-hatchlings in the current study) (Figure 2D), resulting in accumulation in the GI tract and possible blockage. Studies on early life history stage post-hatchling marine turtles are lacking in the literature, but their small size suggests that they may be at higher risk of mortality due to macro-plastic fragment ingestion (Boyle, 2006; Schuyler et al., 2012; Nelms et al., 2016; White et al., 2018). Thus, exposure to small plastic debris is especially devastating to this size class of three species of sea turtle (Schuyler et al., 2012; Pham et al., 2017). Interestingly, we show that hard plastic fragments recovered from the 2016 post-hatchlings were significantly larger than those recovered from the 2017 post-hatchlings (Figure 2D) despite more plastic pieces being ingested in 2017 (Figure 1E). Additionally, the cohort of post-hatchling washbacks in this study had an average plastic-to-body mass ratio 162% higher than washbacks from southern Florida (White et al., 2018). The average southern Florida ratio was 2.07 mg of ingested plastic per 1 gram of body weight (mg/g, n = 13, sampled 2015–2016), while the average northern Florida ratio was 3.35 mg/g (n = 42, sampled 2016–2017), with the highest northern Florida individual having a ratio of 12.30 mg/g.

Ninety-four percent of plastic (2017) was recovered from the intestine (Figure 3B and Supplementary Table S2), supporting previous findings (Pham et al., 2017). We also found organic material within the GI tracts in addition to plastic contents, indicating that pieces of plastic were likely ingested during active feeding periods. The presence of plastic in the GI tract reduces the ability of the post-hatchling to ingest and efficiently digest natural food items, thus contributing to nutritional dilution, whereby non-nutritive materials fill the gut capacity but lack nutrients, thus impacting decreasing productivity and growth (Bolten and Balazs, 1995; McCauley and Bjorndal, 1999; Bjorndal, 2017; Santos et al., 2020). The cause of mortality was undetermined in these particular sea turtles, however, ingestion of plastics, even when not the causative agent, can have sub-lethal effects (Bjorndal et al., 1994). For example, juvenile loggerheads feed primarily on gelatinous low-nutrient prey and require high volume throughput to obtain the necessary nutrition to maintain normal growth patterns (Bolten and Balazs, 1995; McCauley and Bjorndal, 1999; Bjorndal, 2017). The presence of plastic fragments almost certainly affects nutritional processing through the GI tract and would thus affect normal feeding performance at an already vulnerable life stage (Bolten and Balazs, 1995; Bjorndal, 2017). Furthermore, it is likely that such burdens of plastic in the GI tract also cause some physical discomfort that could affect feeding behavior and even affect buoyancy and swimming performance (White et al., 2018).

In addition to physical blockage and erosion of gut wall epithelia structure, the chronic leaching of chemical additives can also have a multitude of unknown physiological effects on juvenile-stage marine turtles (White et al., 2018). Studies have found that brominated flame retardants (BFRs), which are added to plastic products to reduce flammability, are known endocrine inhibitors and could potentially affect hormone production during early life-stages in turtles (Cohn et al., 2012; Von Moos et al., 2012; Setälä et al., 2014; Cole and Galloway, 2015; Dai et al., 2016; Wang et al., 2016). Similarly, other common chemical additives in plastics are polychlorinated biphenyls (PCB’s), which have been shown to increase the likelihood of developing cancer in mammals and invertebrates (Cohn et al., 2012; Von Moos et al., 2012; Setälä et al., 2014; Cole and Galloway, 2015; Dai et al., 2016; Wang et al., 2016). Chronic exposure to these types of chemicals, especially at a vulnerable developmental stage, could have unknown physiological effects and needs addressing with further research. Recently, this topic has gained traction and it is starting to be researched in turtles. One study observed that a wide variety of chemical additives (PCBs, DDTs, CHLs and BFR’s) were found in three species of sea turtle (C. mydas, C. caretta, and Lepidochelys olivacea), although not all were strictly from plastics (Clukey et al., 2018).

Several studies have attempted to demonstrate a correlation with marine debris and stranding location, but Schuyler Q. et al. (2014a) stated that due to the likelihood of sea turtles encountering marine debris at different life-stages and their inability to regurgitate (Sheavly and Register, 2007), turtles may ingest plastics far from where they actually strand on the shore and can then be retained in the gastrointestinal tract for months (Lutz, 1990). It can be speculated that the plastic fragments from this study were consumed just off the coast of the southeastern United States, since by definition this post-hatchling transitional stage can occur days, weeks, or months after leaving the nesting beach (Bolten, 2003a). The highest concentrations of plastic debris in the Atlantic Ocean occur between 22 degrees and 38 degrees north (Law et al., 2010). This concentration coincides with loggerhead and green turtle developmental habitat, thus further supporting why such a high percentage of our study animals (93%) contained plastic debris in their GI tracts.

Electrophysiological measurements, behavioral studies and the discovery of at least three different retinal photopigments confirms that sea turtles are able to differentiate colors (Fehring, 1972; Granda, 1979; Bartol and Musick, 2003). All colors of plastic have been found to be ingested by C. caretta and C. mydas and neither species discriminates against plastic when feeding (Lutz, 1990). Though sea turtles can and do use olfaction to orient to prey, they are primarily visual feeders (Constantino and Salmon, 2003; Narazaki et al., 2013; Camedda et al., 2014; Fukuoka et al., 2016). The most abundant color of plastic ingested by the post-hatchlings was white (Figure 3A), comprising 70% of the hard plastic fragments and consistent with previous studies (Tourinho et al., 2010; Ryan et al., 2016). This could indicate there is a preferential bias for color selection when foraging in the wild. Interestingly, post-hatchling loggerheads may preferentially forage on different plastic colors than their adult counterparts, in which blue and black are the dominant ingested colors (Duncan et al., 2019). It has been shown that leatherback (Dermochelys coriacea) post-hatchlings primarily rely on visual cues rather than chemical cues to identify food (Constantino and Salmon, 2003). This reliance on visual recognition likely predisposes post-hatchlings to plastic ingestion. Modeling suggests that sea turtles prefer more translucent and flexible debris, mistaking it for prey items such as jellyfish and that they would eat fewer blue debris items (Schuyler Q. A. et al., 2014b). However, this prediction is not what was found for the post-hatchlings in this study (white being the dominant color ingested, outstripping translucent items by over ten-fold), or a study of older life-stages in which blue and black were the dominant ingested colors (Duncan et al., 2019). Benthic phase green and hawksbill (Eretmochelys imbricata) turtles had a strong selectivity for clear plastic (Schuyler et al., 2012). Santos et al. (2016) hypothesize that marine animals that perceive floating plastic from below should preferentially ingest dark plastic fragments, whereas animals that perceive floating plastic from above should select for paler plastic fragments. This hypothesis appears to fit with the differences between post-hatchling sea turtles (white fragment ingestion) which reside near the surface and later life stages (dark fragment ingestion) which dive to deeper depths. Further experimental research is recommended to assess whether the color consumption trend reported here is a reflection of post-hatchling sea turtle selectivity (resembling natural gelatinous prey items) or rather due to the proportion of colors in the environment, arising from manufacturer bias toward producing white/colorless plastics (Schuyler et al., 2012; Camedda et al., 2014; Schuyler Q. et al., 2014a).



CONCLUSION

Man-made plastic products are continuing to enter the marine environment at unprecedented scales and are dramatically impacting coastal marine life. We have confirmed that vulnerable early life-stage loggerhead post-hatchlings ingest plastic debris in potentially harmful quantities, including fragment sizes that are not easily passed through their GI tract. This is a crucial stage in the life cycle where the turtles are vulnerable to a large number of threats and these Northeastern Florida post-hatchlings must expend large amounts of energy to reach the relative safety of the Sargassum Sea. Therefore, ingestion of plastic may well have a disproportionate effect on the survival of post-hatchling turtles, not only causing direct health implications but indirectly hampering normal feeding and GI activities and reducing the energy available to the turtles to expend on migration, predator evasion and prey capture (McCauley and Bjorndal, 1999). Additional research is needed to fully understand the long-term health and survival impacts of plastic pollution and ingestion, and the associated chemical additives, throughout the entire life-history of these long-lived reptiles. Gaining greater insight into the prevalence of plastic ingestion, the types of plastic, as well as the physiological and toxicological effects of plastic consumption across sea turtle life-stages will elucidate the scale of the problem and help prioritize mitigation efforts for the growing global marine plastic dilemma.
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FIGURE S1 | (A) Map of the approximately 150 km stretch of north Florida coastline (Nassau County to Flagler County), over which the necropsied post- hatchlings stranded along. Map was modified from one generated by Eric Gaba (https://commons.wikimedia.org/wiki/File:USA_Florida_relief_location_map.jpg) and used under creative commons, CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0).

TABLE S1 | Proportion of mass and weight of ingested plastic to size and weight of corresponding 2016 and 2017 post-hatchling washbacks.

TABLE S2 | Data for the type, location and total plastic ingested by each post-hatchling washback necropsied in 2016 and 2017.


FOOTNOTES

1https://www.whitney.ufl.edu/conservation–sea-turtle-hospital
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