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greens and 82  % of olive ridleys ingested anthropogenic 
debris. This is the first published report of anthropogenic 
debris ingestion by olive ridleys outside of the Atlantic 
Ocean. Neither of the leatherbacks ingested anthropogenic 
debris. The average dry weight of anthropogenic debris 
ingested by individual olive ridleys and individual greens 
was 4 and 7 g, respectively. The total dry weights of anthro-
pogenic debris ingested by the two loggerheads were 9 and 
120  g. Plastics were the most prominent anthropogenic 
debris ingested, making up 95  % (405  g dry weight) of 
the total 427  g ingested. Increased ingestion of anthropo-
genic debris was found in olive ridleys collected during the 
winter, which corresponds with the wintertime increase in 
anthropogenic debris accumulated in the North Pacific Sub-
tropical Convergence Zone. This study highlights the need 
to better understand the factors affecting anthropogenic 
debris ingestion and its sublethal effects.

Introduction

Anthropogenic debris in marine ecosystems, including 
items ranging from microscopic particles to large flotsam 
(e.g., ghost nets), is an ever increasing problem (Derraik 
2002; Sheavly and Register 2007; Moore 2008; Cozar et al. 
2014). Human-generated debris can entangle or be ingested 
by marine organisms, which may result in drowning, per-
foration, and obstruction of the gastrointestinal system, 
reduced nutrient absorption, absorption of toxic plasticiz-
ers, and suppression of the immune system (Balazs 1985; 
Gregory 2009; Secretariat of the Convention on Biologi-
cal Diversity and the Scientific and Technical Advisory 
Panel—GEF 2012; Gall and Thompson 2015). Anthropo-
genic debris entanglement and ingestion is a taxonomically 
widespread phenomenon, having been reported for at least 
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693 marine species to date (Laist 1997; Secretariat of the 
Convention on Biological Diversity and the Scientific and 
Technical Advisory Panel—GEF 2012; Gall and Thompson 
2015). Thus, with the potential for serious impact to marine 
systems, it is important to understand which species are 
at high risk and what factors, such as temporal variation, 
influence anthropogenic debris ingestion (Ryan et al. 2009; 
Secretariat of the Convention on Biological Diversity and 
the Scientific and Technical Advisory Panel—GEF 2012; 
Gall and Thompson 2015).

Oceanographic events, such as those occurring in the 
North Pacific Subtropical Gyre, could be impacting the 
ingestion of anthropogenic debris by marine species. 
Located in the North Pacific Ocean, this gyre and its Sub-
tropical Convergence Zone are well known to aggregate 
passive items, such as anthropogenic debris (Moore et  al. 
2001; Pichel et  al. 2007; Howell et  al. 2012; Law et  al. 
2014). As a result, the eastern region of this gyre has been 
named “The Great Pacific Garbage Patch” by popular 
media (Moore 2003). The Subtropical Convergence Zone 
changes seasonally, including a wintertime southern latitu-
dinal shift evidenced by the Transition Zone Chlorophyll 
Front (Dameron et al. 2007; Howell et al. 2012). This shift 
is especially pronounced during El Niño events (Bograd 
et  al. 2004; Pichel et  al. 2007) and has been associated 
with an increase in anthropogenic debris concentrations in 
the Northwestern Hawaiian Islands (Morishige et al. 2007; 
Ribic et al. 2012).

Convergence zones are also important foraging habitat 
for many marine species including pelagic fish, sea birds, 
and sea turtles (Carr 1987; Polovina et  al. 2001; Vilchis 
et  al. 2006), thus increasing their exposure to anthropo-
genic debris. Polovina et al. (2004) found that loggerhead 
and green sea turtles in the North Pacific Ocean appear to 
move toward the wintertime southern latitudinal shift of 
the Subtropical Convergence Zone. This movement could 
lead to an increase in anthropogenic debris exposure during 
winter, with an exaggerated increase during El Niño events. 
Despite this potential seasonal threat, the relationship 
between seasonal variation in the Subtropical Convergence 
Zone and its effects on anthropogenic debris ingestion by 
marine species has received very little and only anecdo-
tal documentation (Spear et  al. 1995; Donohue and Foley 
2007; Jacobsen et al. 2010).

To investigate the frequency of anthropogenic debris 
ingestion, and factors affecting its prevalence, we sampled 
the diet content of sea turtles collected from this region. As 
one of the most ubiquitous large marine vertebrates, oppor-
tunistic sampling of sea turtles in the North Pacific Ocean 
provides a unique opportunity to grasp the extent of anthro-
pogenic debris ingestion in one of the most debris-ridden 
marine ecosystems. The North Pacific Ocean is home to 
five of the seven described sea turtle species (Wallace et al. 

2010), all of which are on the IUCN Red List of Threat-
ened Species (IUCN 2014): green (Chelonia mydas, endan-
gered), olive ridley (Lepidochelys olivacea, vulnerable), 
loggerhead (Caretta caretta, endangered), leatherback 
(Dermochelys coriacea, vulnerable), and hawksbill (Eret-
mochelys imbricata, critically endangered). A 2012 review 
on the impacts of anthropogenic debris on marine biodiver-
sity ranked all five species within the top 10 for reported 
incidences of entanglement and ingestion of anthropogenic 
debris (Secretariat of the Convention on Biological Diver-
sity and the Scientific and Technical Advisory Panel—GEF 
2012). Moreover, due to the potentially high susceptibility 
of sea turtle–anthropogenic debris interactions by inges-
tion (Balazs 1985; Secretariat of the Convention on Bio-
logical Diversity and the Scientific and Technical Advisory 
Panel—GEF 2012; Schuyler et al. 2013; Gall and Thomp-
son 2015), understanding its frequency of occurrence is 
important in order to mitigate its impact.

The objective of the current study was to evaluate the 
diet contents of olive ridley, green, loggerhead, and leath-
erback sea turtles that were incidentally caught in North 
Pacific Ocean pelagic longline fisheries. Pelagic longline 
fisheries operate in the North Pacific Ocean and frequently 
interact with sea turtles (McCracken 2000; Lewison et al. 
2004; Lewison and Crowder 2007), providing an opportu-
nity to sample species that are both protected and difficult 
to encounter in the high seas. Thus, diet content analysis 
from these deceased sea turtles provides an opportunity to 
quantify the amount and frequency of anthropogenic debris 
ingestion. In particular, we explored patterns of anthropo-
genic debris ingestion among species, sea turtle size, col-
lection year, season, and El Niño cycle. Understanding the 
frequency of occurrence of anthropogenic debris inges-
tion of these species in this area will provide a baseline for 
comparing with future studies on other species and in other 
areas.

Materials and methods

Sample collection

The National Oceanic and Atmospheric Administration 
(NOAA) staff in Hawaii collected sea turtles incidentally 
captured and killed in the American Samoa-based and 
Hawaii-based pelagic longline fisheries over an 18-year 
period across all four boreal seasons (1993–2011; see 
Parker et  al. 2005 for collection methods). All sea turtles 
were captured by hook except for the two leatherbacks that 
were entangled in the fishing line. The global position-
ing system (GPS) location of capture for each turtle was 
recorded, and the turtles’ carapace size (straight and curved) 
was measured. Sea turtles were stored in a freezer until the 
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ship arrived in port. NOAA staff performed necropsies on 
the turtles, separated stomach only or whole gastrointesti-
nal tract (GIT; including stomachs) from turtles, and placed 
their contents in 10 % neutral buffered formalin. Samples 
were drained before shipment to Texas A&M University. 

Upon receipt at Texas A&M, samples were rehydrated with 
10  % neutral buffered formalin until analysis. The GPS 
coordinates of the capture location for each sea turtle were 
projected and classified by species (Fig. 1) using ArcMap 
10.1 (ESRI, Redlands, California).

Fig. 1   GPS catch locations of olive ridley (Lepidochelys olivacea), 
green (Chelonia mydas), loggerhead (Caretta caretta), and leather-
back (Dermochelys coriacea) sea turtles analyzed for diet content. 
NOAA observers collected sea turtles as bycatch on pelagic longline 

fisheries. Map was created in ArcGIS by K.R. Wedemeyer-Strombel, 
data from current study, projection UTM 4, 1:36,550,000. Schematic 
representation of currents (dashed lines), gyres and Subtropical Con-
vergence Zone redrawn from Howell et al. (2012)
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Diet analysis

Stomach and/or GIT samples were analyzed for 71 tur-
tles, including olive ridley (25 stomachs, 20 GIT), green 
(20 stomachs; 2 GIT), loggerhead (1 stomach, 1 GIT), 
and leatherback (2 GIT). Stomach/GIT contents (depend-
ing on sample type collected during necropsy) were emp-
tied into a 35-mm fine-mesh sieve, rinsed with water and 
drained. Using a binocular dissecting scope, prey items 
were identified to the lowest taxonomic level possible. 
Eight large prey categories were identified from the diet 
contents, which were further subdivided into 14 prey 
groups (Table 1). While anthropogenic debris is not nec-
essarily natural prey, for ease of reporting we refer to all 
diet item categories as “prey groups.” Fish were catego-
rized as baitfish if they were whole or present as several 
large pieces and resembled the known baitfish species 
used by the pelagic longline fisheries (Sama, Cololabias 
saira). Small pieces and bone fragments were categorized 
as Actinopterygii (non-bait fishes). Unidentifiable gelati-
nous digested material was labeled as “chyme,” and small 

unidentifiable pieces of shell were labeled as “unidentifi-
able invertebrates.” Flotsam, such as wood, feathers, and 
plant material were identified as “natural debris.” Plastic, 
rope, fishing line, and other anthropogenic debris were 
classified as “anthropogenic debris.” Anthropogenic and 
natural debris were separated from other items and dried 
for 24 h at room temperature. All other prey items were 
placed in a drying oven at 60 °C for 24 h (Forbes 1999). 
After 24 h, all items were allowed to cool to room tem-
perature before being weighed (Plotkin et  al. 1993). For 
each specimen, mass (to the nearest 0.001 g) of each prey 
group and total dry weight of the stomach/GIT contents 
were estimated (Table S2).

To estimate the relative importance of prey groups, per-
cent composition by weight for individuals (%Wi) and for 
species (%Wj) was calculated (Bowen 1996). We included 
chyme in the calculation of relative importance to account 
for the mass of prey items which have been digested 
(Bowen 1996). For each individual sea turtle, percent com-
position by weight of diet content (in grams) of each prey 
group (%Wi) was estimated as follows:

Table 1   Total percent composition by weight (in grams; %Wj) of 
prey items (identified to lowest taxonomic order) found in the stom-
achs and/or gastrointestinal tract of olive ridley (Lepidochelys oliva-

cea, n = 45), green (Chelonia mydas, n = 22), loggerhead (Caretta 
caretta, n = 2), and leatherback (Dermochelys coriacea, n = 2) sea 
turtles

T = trace amounts (<0.1 g)

Prey group Olive ridley (L. olivacea) Green (C. mydas) Loggerhead (C. Caretta) Leatherback (D. coriacea)

%Wj (g) %Wj (g) %Wj (g) %Wj (g)

Anthropogenic debris 14 29 74 0

Osteichthyes

 Baitfish (Sama, Cololabias saira) 22 18 8 0

 Actinopterygii 3 2 1 T

 Actinopterygii eggs 1 0 0.4 0

Mollusca: Teuthoidea

 Cephalopoda 0.2 0.3 0.1 0

Mollusca: Gastropoda

 Ptenoglossa: Janthina spp. 1 6 0.6 0

Crustacea

 Lepadidae: Lepas spp. 34 0.4 0 0

 Decapoda: crabs (Planes spp. and other 
unidentified)

T 0 0 T

Cnidaria: Hyrdrozoa: Hydroida
Chordata: Urochordata

 Pyrosomatidae T T 0 0

 Salpidae 7 3 0.2 94

Algae

 Sargassum spp. 0 10 T 0

Other

 Natural debris (wood, feathers, plant mate-
rial, etc.)

0.5 2 0 0

 Unidentified invertebrates 0 0.2 0 0

 Chyme (unidentified digested material) 18 30 15 7
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For each species, percent composition by weight of diet 
content of each prey group (%Wj; in grams) was calculated 
as follows:

Percent composition by weight of diet content by individu-
als (%Wi) and species (%Wj) for olive ridley and green sea 
turtles was arcsine square-root-transformed (Seminoff et al. 
2002), hereafter referred to as transformed prey group per-
cent composition by weight (%WiT and %WjT, respectively). 
Due to low sample sizes for loggerhead and leatherback sea 
turtles, %Wi and %Wj were not transformed nor frequency 
methods applied. However, values for %Wj for both species 
are reported in Table 1.

In addition, percent frequency of occurrence (%F) was 
calculated. Percent frequency of occurrence indicates the 
extent to which a given species uniformly select their diet 
(Bowen 1996), and unlike percent weight (%Wi, %Wj), per-
cent frequency does not suffer from bias toward heavier 
prey items (Forbes 1999). Percent frequency of occurrence 
could not be calculated for loggerheads and leatherback 
turtles due to low sample sizes. Percent frequency of occur-
rence was calculated as:

Statistical analyses

For olive ridley and green sea turtles, we evaluated normal-
ity of the transformed prey group percent composition by 
weight for individuals (%WiT) data matrix using Royston’s 
Multivariate Normality Test (package “MVN”; Korkmaz 
and Goksuluk 2014; R Development Core Team 2014). 
%WiT data were strongly non-normal (Royston’s Multivari-
ate Normality Test: H = 691.56, P ≤ 0.001); thus, paramet-
ric methods were deemed inappropriate.

Before performing further analysis, we evaluated if sam-
ples from either the GIT or stomach were biased with respect 
to prey item composition using nonparametric permutation 
multivariate analysis of variance (perMANOVA) where %WiT 
for all 14 prey groups were the dependent variables and gas-
trointestinal tract (stomachs or GIT) was the independent 
variable. Analysis was performed using the Vegan package 
(function “adonis”; number of permutations = 9999; Oksanen 
et al. 2013). We found no difference in percent composition by 
weight of prey items (%WiT) between stomach and full GIT 
samples (perMANOVA, F(1,65)  =  1.3, P  =  0.268). Thus, 
stomach and GIT were not evaluated further.

%Wi =
Weight of prey group for turtle i

Total weight of all prey groups for turtle i
× 100

%Wj =
Weight of prey group in all samples of turtle species j

Total weight of all samples for turtle species j
× 100

%F =

Number of samples of turtle species j containing prey group

Total number of samples for turtle species j

× 100

To compare transformed percent composition by weight 
of prey items (%WiT), we estimated medians (which is 
a more appropriate estimate of location for non-normal 
data; Sokal and Rohlf 1994) and corresponding confidence 
intervals for all 14 prey groups for olive ridley and green 
sea turtles. Nonparametric confidence intervals were esti-
mated using bootstrap resampling (999 resamples; package 
“boot”; R Development Core Team 2014). A lack of over-
lap in confidence intervals between different prey items 
indicates prey items strongly differ from one another, and 
if a confidence interval does not overlap with zero for a 
given prey item, it suggests that the prey item is different 
from zero (Sokal and Rohlf 1994). This approach is pref-
erable to multiple pairwise comparisons of %WiT, as that 
approach would result in an extreme number of compari-
sons within and among species (273 pairwise comparisons 
in total). However, just as with multiple pairwise compari-
sons, estimation of multiple confidence intervals suffers 
from increased type 1 error rates. Thus, a desired confi-
dence level of 95 % is smaller in reality, i.e., less likely to 
have overlap and therefore could overestimate differences. 
To accommodate increased type 1 error rate variables, we 
increased the width of the confidence interval by dividing 
the desired confidence level (i.e., 95 %) by the number of 
variables (14) which yielded a corrected confidence level of 
99.6 % (Sokal and Rohlf 1994).

To determine if sample year, sample season, El Niño 
cycle, and sea turtle size (straight carapace length, SCL) 
differed with respect to the transformed percent composi-
tion by weight of anthropogenic debris ingested among 
individuals (%WiT), the data were subjected to an analysis 
of variance (ANOVA) on ranks. ANOVA on ranks com-
pares differences in means of the rank-transformed depend-
ent variable and relaxes the assumptions of normality asso-
ciated with traditional ANOVA (Conover and Iman 1981). 
Two rank ANOVAs were performed, one for green sea 
turtles and the other for olive ridleys. Both rank ANOVA 
models consisted of anthropogenic debris ingestion as the 
dependent variable and species, season, El Niño cycle, sea 
turtle size, and sample year as independent variables. Inter-
action terms were evaluated, and all were found to be non-
significant (all P ≥ 0.07) and were thus not included. We 
defined winter as December–February, spring as March–
May, summer as June–August, and fall as September–
November (i.e., boreal seasons). El Niño cycle was estab-
lished based on Wang et al. (2012).

Results

The mean straight carapace length (SCL) for olive rid-
leys was 54.2  ±  1.1  cm, n  =  45, and for greens was 
41.8 ± 2.1 cm, n = 22. The two loggerheads sampled were 
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57.5 and 68.2  cm SCL, and the two leatherbacks were 
39.3 and 70.4 cm SCL (see Table S1 for curved carapace 
lengths).

Medians and confidence intervals for transformed per-
cent composition by weight (%WiT) suggest that chyme and 
anthropogenic debris were the only prey which were prom-
inent components of the diet of green and olive ridley tur-
tles (Fig. 2). The percent composition by weight (%Wj) for 
anthropogenic debris for olive ridleys was 14 %, for greens 
was 29 %, for loggerheads was 74 %, and for leatherbacks 
was 0 % (Table 1).

The percent frequency of occurrence (%F) and associ-
ated confidence intervals (Fig. 3) show that anthropogenic 
debris, chyme, Actinopterygii, baitfish, natural debris, and 
Janthina spp. were common prey items found in both green 
and olive ridley sea turtles. However, greens commonly 
consumed cephalopods and Sargassum spp., while olive 
ridleys consumed a greater frequency of Actinopterygii 
relative to green turtles (Fig. 3). Both species were found 
to have a high percent frequency of occurrence of anthro-
pogenic debris with 82 %F for olive ridleys and 91 %F for 
green sea turtles.

Fig. 2   Medians and adjusted 
nonparametric bootstrapped 
99 % confidence intervals for 
transformed percent frequency 
of occurrence of prey groups 
(%WiT). Gray bars represent 
olive ridleys (L. olivacea), and 
white bars represent greens (C. 
mydas)

Fig. 3   Percent frequency of 
occurrence of ingestion (%F) 
of prey groups and associ-
ated adjusted nonparametric 
bootstrapped 99 % confidence 
intervals for olive ridleys (L. 
olivacea, gray bars) and greens 
(C. mydas, white bars)
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ANOVA on ranks suggests that season had a significant 
relationship with the percentage of weight of anthropogenic 
debris for olive ridley but not for green sea turtles (Table 2). 
Medians and confidence intervals of percent composition 
by weight of anthropogenic debris across seasons suggest 
that olive ridley sea turtles ingested the most anthropogenic 
debris during the summer, fall, and winter (Fig. 4). This pat-
tern of seasonal variation in ingestion was also found for 
percent frequency of occurrence of anthropogenic debris 
ingestion by olive ridley sea turtles (Fig. 5). Sea turtle size 
was also significantly associated with anthropogenic debris 
ingestion (Table  2). In green turtles, we observed a nega-
tive relationship between size and anthropogenic debris 
ingestion (r = −0.42), while in olive ridleys it was positive 
(r = 0.30). Year of collection and El Niño cycle did not have 
a significant association with anthropogenic debris ingestion 
for either green or olive ridley sea turtles (Table 2).

The variety of anthropogenic debris found in olive rid-
leys, greens, and loggerheads included a hair comb, plastic 
bags, fishing line, rope, plastic bottle caps, plastic bottle 
necks, polystyrene, and small plastic pieces of unidentified 
origin (both hard and soft; Figs.  6, 7, 8). One of the log-
gerheads ingested a toothbrush, 16 plastic bottle caps, and 
two plastic water bottle necks (Fig. 6). Plastic was the most 
prominent anthropogenic debris ingested. Of the 427.08  g 
(dry weight) of anthropogenic debris ingested by all species 
combined, 405.223 g (95 %) of it was plastic debris. Plas-
tic accounted for 94 % of the dry weight of anthropogenic 
debris ingested by green turtles, 93 % for olive ridleys, 99 % 
for one loggerhead, and 93 % for the other loggerhead.

Discussion

Our results of the frequency of occurrence of anthropogenic 
debris ingestion by green (91  %) and olive ridley (82  %) 
sea turtles are among the highest published values for sea 
turtles (Balazs 1985; Tourinho et al. 2010; Campani et al. 
2013; Schuyler et al. 2013; Di Beneditto and Awabdi 2014; 
Hoarau et al. 2014; Ormedilla et al. 2014; da Silva Mendes 
et  al. 2015; Guimarães Santos et  al. 2015). The present 
study is the first published report of anthropogenic debris 
ingestion by olive ridleys in the Pacific, and only the sec-
ond published report of anthropogenic debris ingestion for 
the species (Mascarenhas et  al. 2004). While our logger-
head data are limited, both specimens consumed anthropo-
genic debris. The majority of anthropogenic debris ingested 
was plastic, both across all species and within each species. 
The prevalence of anthropogenic debris ingestion found in 
these sea turtles reflects the serious problem of anthropo-
genic debris accumulation in the North Pacific Ocean.

The current study supports the hypothesis that sea turtles 
(Carr 1987; Polovina et  al. 2004; Parker et  al. 2005) and 

anthropogenic debris (Moore et al. 2001; Pichel et al. 2007; 
Howell et al. 2012; Law et al. 2014) are commonly found 
near convergence zones (Fig. 1; Table 1). The North Pacific 
Subtropical Convergence Zone southern shift is similarly 
timed to seasonal movements of olive ridleys and logger-
heads in the North Pacific Ocean, with loggerheads mov-
ing N to S and olive ridleys S to N (Polovina et al. 2004), 
bringing them each closer to the southern-shifted North 
Pacific Subtropical Convergence Zone. This could expose 
the sea turtles to the high concentrations of anthropogenic 
debris found in the convergence zone (Moore et al. 2001; 
Pichel et  al. 2007; Howell et  al. 2012; Law et  al. 2014), 
thus contributing to the seasonal increase in anthropogenic 
debris ingestion by olive ridleys found in the present study. 
The seasonal effect on anthropogenic debris ingestion 
reported here (Fig. 4; Table 2) suggests that debris inges-
tion by olive ridley sea turtles was high in winter (rela-
tive to spring) but was not greater than the fall or summer 
months (Fig. 4; Table 2). The southern latitudinal shift of 
the North Pacific Subtropical Convergence Zone is thought 
to have contributed to the fatal ingestion of anthropogenic 
debris by two sperm whales (Physeter macrocephalus; 
Jacobsen et al. 2010). This shift of the North Pacific Sub-
tropical Convergence Zone is further pronounced during El 
Niño years (Bograd et al. 2004; Pichel et al. 2007) and has 
been shown to increase the entanglement rates of critically 
endangered Hawaiian monk seals (Monachus schauins-
landi; Donohue and Foley 2007). Although El Niño events 
occurred in 2002, 2004–2007, and 2009–2010 (Wang et al. 
2012), we found no increase in ingestion of anthropogenic 
debris during those years (Table 2).

In our study, we found a significant positive corre-
lation between SCL and percent by weight (%WiT) of 

Table 2   ANOVA on ranks on transformed percent composition by 
weight of anthropogenic debris for (a) olive ridley (Lepidochelys oli-
vacea) and (b) green (Chelonia mydas) sea turtles

A bold P-values indicate a statistically significant effect

Effect Sum of squares Degrees of freedom F P

a

 Season 1357.8 3 3.228 0.033

 Year 7.3 1 0.052 0.820

 El Niño 157.7 1 1.124 0.296

 SCL 633.6 1 4.518 0.040

 Residuals 5328.9 38

b

 Season 191.72 3 2.287 0.120

 Year 3.32 1 0.119 0.735

 El Niño 16.45 1 0.589 0.455

 SCL 169.09 1 6.052 0.027

 Residuals 419.12 15
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anthropogenic debris ingested for olive ridleys and a sig-
nificant negative correlation for greens. To our knowledge, 
this is only the second study to report a positive correlation 
between sea turtle size and weight of anthropogenic debris 
ingested (Campani et  al. 2013). Several publications have 
found no significant correlation between sea turtle size and 
weight of ingested anthropogenic debris (Bugoni et al. 2001; 
Tomás et  al. 2002; Lazar and Gračan 2011; Hoarau et  al. 
2014). Two other studies have found negative correlations 
between these two factors, which are generally thought to 
be a result of older animals recruiting to neritic habitats and 
therefore being less exposed to anthropogenic debris than 
young oceanic sea turtles (Balazs 1985; Plotkin and Amos 
1990), which could be the case here for our green sea turtles.

While our specimens did not die as a direct result of 
anthropogenic debris ingestion, a recent study suggested 
that death by anthropogenic debris ingestion is potentially 
underestimated (Guimarães Santos et  al. 2015). Guima-
rães Santos et al. (2015) hypothesized that more immediate 
causes of death, like fisheries bycatch, may occur before 
the fatal effects of anthropogenic debris ingestion take their 
toll. Nearly half of the juvenile green turtles in the study 
by Guimarães Santos et al. (2015) died as a direct result of 
anthropogenic debris ingestion of less than 2.5 g of debris, 
with a critical amount of only 0.5 g enough to cause death 
by digestive tract blockage. Equally sized green turtles in 
our study, on average, had over two times that amount of 
anthropogenic debris ingestion with an average of 6.9  g, 

Fig. 4   Medians and adjusted 
nonparametric bootstrapped 
99 % confidence intervals for 
transformed percent composi-
tion by weight of anthropo-
genic debris (%WiT) ingested 
by olive ridley sea turtles (L. 
olivacea) by boreal season 
(winter, December–February; 
spring, March–May; summer, 
June–August; fall, September–
November)

Fig. 5   Percent frequency of 
occurrence (%F) and adjusted 
nonparametric bootstrapped 
99 % confidence intervals of 
anthropogenic debris ingested 
by olive ridley sea turtles (L. 
olivacea) by boreal season 
(winter, December–February; 
spring, March–May; summer, 
June–August; fall, September–
November)
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which is 13.8 times the critical amount of 0.5  g to cause 
death by anthropogenic debris ingestion. Our olive ridleys 
and loggerheads had larger curved carapace lengths, on 
average, than the greens studied by Guimarães Santos et al. 
(2015), but were within the same size range. Our olive rid-
leys ingested an average of 3.8 g of anthropogenic debris, 
and one loggerhead in our study consumed 120.2 g (Fig. 2) 
of anthropogenic debris. Regardless of the loggerhead’s 
larger size, that number is 48 times larger than the 2.5  g 
that killed nearly half of the green turtles in the study by 

Guimarães Santos et al. (2015), and 240 times larger than 
the critical value of 0.5 g.

Natural (non-anthropogenic debris) prey groups for 
all species analyzed were as expected (Table  1) and sup-
port results of previous studies on olive ridleys (Polovina 
et  al. 2003; National Marine Fisheries Service and U.S. 
Fish and Wildlife Service 2007; Abreu-Grobois and Plot-
kin 2008; Plotkin 2010), greens (Arthur et al. 2008; Boyle 
and Limpus 2008; Jones and Seminoff 2013), logger-
heads (Polovina et  al. 2003; Polovina et  al. 2004; Parker 

Fig. 6   Anthropogenic debris ingestion by one loggerhead (Caretta caretta). The picture shows four sheets of A4 white paper (21 × 29.7 cm) 
covered in anthropogenic debris, which made up 78 % of this individual’s diet (%Wi). Photograph: K.R. Wedemeyer-Strombel

Fig. 7   Anthropogenic debris ingestion by one green turtle (Chelonia mydas). The picture shows eight sheets of A4 white paper (21 × 29.7 cm) 
covered in plastic bags and small plastic pieces, which made up 75 % of the individual’s diet (%Wi). Photograph: K.R. Wedemeyer-Strombel
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et  al. 2005; Kobayashi et  al. 2008; Peckham et  al. 2011), 
and leatherbacks (Lutcavage and Lutz 1986; Bjorndal 
1997; Godley et al. 1998; Seminoff et al. 2012). Some of 
the natural prey, like Lepas spp., are known to consume 
microplastics (Goldstein and Goodwin 2013) and colonize 
hard plastics (Parker et  al. 2011), which could have inci-
dentally contributed to the overall anthropogenic debris 
load of the sea turtles. The ingestion of multiple baitfish 
by several olive ridleys, greens, and by both loggerheads 
suggests they were feeding from one pelagic longline to 
another before capture. For loggerheads, this supports the 
hypothesis that they may ingest only injured or dead fish 
(Tomás et al. 2001; Parker et al. 2005), which could have 
been available on the longlines.

Opportunistically sampled sea turtles provided the 
opportunity to identify the diet contents of these oceanic 
animals and contribute to the critical conversation on sea 
turtle anthropogenic debris ingestion. Bycaught sea turtles 
may not be a complete representation of the whole popula-
tion (Kaiser and Spencer 1994; Beukers-Stewart and Jones 
2004; Lewison and Crowder 2007), could underrepresent 
healthy individuals (Forbes 1999), and could bias for sea-
sonality, although the American Samoa fisheries effort (by 
number of sets) had consistent averages across all fishing 
quarters from 1997 to 2011(PIFSC Fisheries Research and 
Monitoring Division 2014). Diet content analysis in such 
sea turtles may overrepresent easy-to-identify and harder-/
slower-to-digest items (e.g., anthropogenic debris) and 

opportunistic atypical prey (e.g., baitfish) (Bromley 1994; 
Kaiser and Spencer 1994; Bowen 1996). Such studies still 
provide a snapshot of what these sea turtles are eating 
(Bowen 1996; Forbes 1999), namely anthropogenic debris.

Conservation implications and future directions

The sublethal effects of anthropogenic debris ingestion 
are not well known for sea turtles or other species (Vegter 
et al. 2014). They are hypothesized to include dietary dilu-
tion, perforation and obstruction of gastrointestinal tract, 
and toxin absorption, all of which may impact develop-
ment and reproductive output, thus lowering the organ-
ism’s overall fitness (McCauley and Bjorndal 1999). More 
broadly, anthropogenic debris ingestion, especially that of 
plastics, affects several marine trophic levels, transferring 
organic pollutants throughout the food chain (Vegter et al. 
2014). This is likely resulting in bioaccumulation of tox-
ins within the marine ecosystem, which could influence 
ecosystem processes, but how and to what extent are still 
unknown (Vegter et al. 2014). The results from the present 
study emphasize the need for future research in this area 
and support species-level, population-level, and trophic 
linkage impacts of marine pollution on marine animals as 
top global research priorities (Vegter et al. 2014).

Combined with data on other protected species (criti-
cally endangered Monachus schauinslandi, Donohue and 
Foley 2007; vulnerable Physeter macrocephalus, Jacobsen 

Fig. 8   Anthropogenic debris ingestion by an olive ridley (Lepido-
chelys olivacea). The picture shows two sheets of A4 white paper 
(21 × 29.7 cm) covered in small plastic pieces and pieces of netting 

and rope, making up 48 % of the individual’s diet (%Wi). Photograph: 
K.R. Wedemeyer-Strombel
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et  al. 2010; IUCN 2014), the present study lends support 
to the idea that seasonal physical oceanographic features 
may drive marine species–anthropogenic debris interac-
tions. The continued monitoring of these protected popula-
tions, their seasonal movements, and their associations with 
physical oceanographic features and meteorological events 
are critical, as is the mitigation of anthropogenic debris 
pollution of the marine environment.
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