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Introduction 
Marine debris is defined as any man-made solid waste product 

that is introduced into marine environment, and it has proven 
to have a widespread and negative impact on marine animals 
[1-4]. Most anthropogenic material ingested by living and dead 
individuals is made of plastics and pollutants [5]. The main sources 
of these debris are litter from ships, fishing and recreational 
boats, and garbage carried into the sea from land-based sources in 
industrialized and highly populated areas [1,2,6]. Coastal cities and 
towns are the main sources of plastic pollution, serving as point 
sources for the flow of plastic into the sea via urban and natural 
drainage systems [7]. Plastics are lightweight, strong, durable, and 
cheap, making them suitable materials for a wide range of products; 
they are ubiquitous on land, and make-up most of the marine 
litter worldwide [6,7]. Synthetic debris types include single-use 
plastics such as food packaging, fishing line and synthetic ‘soft bait’ 
lures [8]. Plastics are not biodegradable, but use in many short-
lived disposable products, and have great dispersal capabilities, 
making them a severe global environmental threat to marine  

 
ecosystems [2,6,9]. Marine organisms may ingest plastic as a result 
of mistaken identity. As turtles are primarily visual feeders, they 
may misidentify items—such as shopping bags, and sheet plastic—
as prey and actively select them for consumption [3,10-12]. The 
presence of plastic in their foraging areas increases the likelihood 
that they accidentally ingest these materials [12,13]. Marine debris 
can cause mortality in sea turtles directly and indirectly. Sea turtles 
generally die from debris ingestion when their digestive tract is 
obstructed, and ingested plastic materials reduce their digestive 
capability, often resulting in emaciation and severe starvation [13-
16]. Gastrointestinal perforation caused by swallowed hooks and 
hard plastic can cause chronic infection, peritonitis, gastrointestinal 
motility disorders, and eventual death. 52% of surviving sea 
turtles have likely ingested marine debris, and a reported 4% 
of necropsied sea turtles have died from it [15]. The sub-lethal 
effects of anthropogenic debris on sea turtles are presumably more 
common than the lethal ones, but are difficult to measure because 
animals can excrete marine debris through defecation, which 
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Abstract 

Sea turtles ingesting marine debris is a major problem worldwide. This is the first study ever done on the marine debris ingested by sea turtles 
in Taiwan, 191 dead green sea turtles from 2012 to 2019, mainly in northern coasts. We identified seven debris types and 15 colors. Plastic rope, 
soft and hard plastics, foam plastic and unidentified material were the most common ingested debris. White, transparent and mixture were either 
the common or the most common ingested color. Juveniles consumed more type of debris than the other age classes. Debris was found remain in the 
digestive tract for several weeks or longer prior to be found or excretion. 
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likely becomes a major threat in the long-term. The alimentary 
track of sea turtles is particularly prone to plication and debris 
accumulation due to the inability of turtles to regurgitate items and 
their convoluted gastrointestinal tracts [17]. Ingesting debris can 
be worsening the physical conditions, diminished food stimulus, 
blockage of gastric enzyme secretion, lowered steroid hormone 
levels, delayed ovulation, reproductive failure and death following 
blockage of the intestinal tract [2-4, 18-20]. Debris ingestion can 
create a false sense of fullness and interfere with lipid metabolism, 
resulting in a build-up of intestinal gases and associated buoyancy 
disorders (floating syndrome), thus limiting the turtle’s ability to 
obtain food and avoid predation [4,21].Due to their hydrophobic 
properties, plastics are known to accumulate heavy metals and 
other toxins, such as PCBs, from the marine environment, which 
can also be released during digestion. These materials can alter 
hormonal processes, specifically those regulated by sex steroids 
[1,2,11,22,23]. Entanglement effects include abrasions, lesions, 

constriction, scoliosis, or the loss of limbs, as well as increased 
drag, which may reduce foraging efficiency and avoidance ability 
[7]. There are many studies conduct on plastic ingestion of different 
species, gender, growth stage, etc. [15,17]. However, it is important 
to compare the plastic ingestion between species, sexes, and growth 
stages of sea turtles in the same region, because different status and 
species sea turtles may come from different sites and may select 
ingest different type of debris. Then, one can determine if and how 
the plastics are ingested differently based on the different species 
or status. Then, the proper recommendations can be made.

Material and Methods

Sample collection

Samples were mainly collected from Hualien County in eastern 
Taiwan to Taichung County in western Taiwan from 2012 to 2019 
(Figure 1). 

A total of 191 turtles were collected. Body length and body 
weight were measured prior to necropsy. Body length was 
expressed as curved carapace length (CCL), measured from the 
tip to the notch of the dorsal carapace. Necropsy was carried out 
on turtles that were either stranded dead or rescued but did not 
survive during rehabilitation. The entire digestive tract—including 
the esophagus, stomach, and intestines—was removed for analyses. 
Gender was determined during necropsy by visually examining the 
morphology of the gonad [24]. Age class was determined based on 
body size; CCL<35 cm was considered hatchling, 35<CCL≤55 was 
juvenile, 55<CCL≤90 was sub adult, and >90 was adult. 

Sample treatment

First, the gross morphology was observed to determine 
the body conditions and if the turtle was entangled by foreign 
materials. Necropsy was performed following the procedure of 
[24]. Samples were removed from analysis if their digestive tract 
was decayed beyond recognition, or was fractured during the 
sampling procedure. Intact digestive tracts were brought back to 
the laboratory and stored in a refrigerator for later analysis. In 
the laboratory, the digestive tract was cut open and the contents 
of the esophagus, stomach, and intestines were washed with tap 
water and filtered through a 0.05-cm mesh filter. Marine debris 

Figure 1: Map of Taiwan with county name of counties appear in the graph.
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was collected from the filter and dried at room temperature. Debris 
from each digestive tract section was stored in plastic bags. The 
different parts of the digestive tract were separated following [2]. 
The esophagus stretches from the anterior end of the digestive 
tract to the gastroesophageal sphincter. The stomach is found 
from gastroesophageal sphincter to the constriction duodenal. 
The intestine is found from constriction duodenal to the end of 
the digestive tract. The digestive tract is further divided into five 
sections: sections 1 and 2 refer to the small intestine, and sections 
3 to 5 refer to the large intestine. 

Identifying marine debris 

Marine debris was identified visually, with a stereomicroscope 
if necessary. Debris was separated based on material type (soft 
plastic, hard plastic, cotton thread, plastic rope, foam plastic, 
textile, rubber, metal, or unidentified) and color (transparent, 
semi-transparent, white, black, grey, silver, green, brown, orange, 
yellow, purple, blue, green pink, red, or mixture). Soft plastic was 
defined as a deformable non-thread plastic material, like straws 
or plastic bags. Hard plastic was defined as a non-deformable non-
thread plastic material, like fragments of table ware or plastic cups. 
Plastic rope was defined as thread-like plastic material, like fishing 
line or fishing nets. Foam plastic was defined as foaming plastic, 
including artificial sponges or crash cushions. Textile included 
cloth. Rubber included parts of tile. Metal included fishing hooks. 
Unidentified material was defined as any material that was decayed 
beyond recognition. Color was determinate visually. In addition to 
anthropogenic materials, natural debris were also collected and 
identified, i.e. wood (branches, wood products). All materials were 
counted and weighed (to 0.001 mg) and expressed as a quantity, 
weight, and abundance (percentage of its weight to the total of all 
debris found). To avoid repeating calculations, only particles larger 
than 0.5 cm long were included. This is because most material 
smaller than 0.5 cm long is a fragment of medium to large debris 
in the digestive tract. In order to determine the frequency at which 
each consumed debris item occurred, the frequency of occurrence 
(FO) was calculated as FO (%) = (Ni/Nt) * 100, where Ni is the 

abundance or weight of item i and Nt is the total abundance or 
weight of all debris. FO was separated into three categories: 
>50%: the most common, 50% < FO ≤ 10%: common, and <10%: 
uncommon [25]. Debris that weighed too little to measure were 
not included in the FO analysis. The index of relative importance 
(IRI) was determined to measure the relative impact that each item 
had on the turtle’s health. It was calculated as IRI of species = (% 
occurrence * % weight)/100 [26]. We separated the IRI into three 
categories based on von Brandis et al. [26]: 30< IRI ≤100: the most 
important, 30<IRI≤10: important, and <10: unimportant. The Body 
Condition Index (BCI) of each species was calculated to determine 
the health status of turtles:

BCI = (turtle body mass/SCL3) * 1000 [27].

The body burden (BB) of each species was calculated to 
determine the impact that each ingested debris had on the body 
condition:

BB = mg debris weight ingested/kg turtle weight [28].

Statistical analyses

The Shapiro-Wilk test was used to determine if the marine 
debris showed a normal distribution. If not, the Kruskal-Wallis 
test was used to compare the differences among material types 
and colors of marine debris [29]. One-way Analysis of Variance 
(ANOVA) was used to determine whether the samples had a normal 
distribution. Turkey’s post-hoc test was used to determine the 
differences among variables [29]. The Pearson correlation test was 
used to determine if the body burden was correlated with the body 
size (straight carapace length; SCL), and if the body condition (BCI) 
was correlated with the abundance of ingested debris.

Result

Total debris ingestion 

Eighty-six percentage of the stranded turtles ingested marine 
debris. Analysis showed that the hard and soft plastics, plastic rope, 
foam plastic and unidentified material were the common while 
unimportant ingested debris (Table 1). 

Table 1: Number and weight-specific debris ingested, FO (%) and IRI of different debris type ingested by green turtles. Unit: mg in weight.

Parameter Soft Plastic Hard Plastic Cotton 
Thread Plastic Rope Foam Plastic Textile Rubber Wood Metal Unidenti-

fied

Number 21±41(98) 34±68(64) 6±7(32) 18±19(150) 24±38(71) 10±27(22) 2±2(16) 10±21(10) 1±0(8) 24±44(44)

Weight 6.3±19(98) 9.1±22.3(64) 1.8±2.4(32) 3.5±7.2(150) 4.1±8.9(71) 0.4±0.5(22) 2.3±2.7(16) 2.2±2.4(10) 0.7±0.6(10) 3.2±5.1(44)

FO 20 21 2 26 17 2 <1 1 <1 11

IRI 6 6 <1 6 2 <1 <1 <1 <1 <1

Statistical analysis showed that the turtles ingested more soft, 
hard plastics and plastic rope than the metal, cotton thread, and 
rubber. They also ingested more foam plastic than rubber, metal, 
cotton thread, and textile. Turtles ingested more unidentified 
material than rubber or metal (p < 0.001 in all cases). In term of 

debris weight, green turtles ingested more hard plastic than textile 
or wood (p < 0.001). For the color debris, white was the common 
and most important ingested color, transparent was the common 
and important ingested color, and mixture was the important 
ingested color (Table 2). 
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Table 2: Number-specific and FO (%) of ingested different color debris by green turtles.

Pa-
rame-

ter

Trans-
parent

Semi-

Transpar-
ent

White Black Grey Silver Brown Orange Yellow Purple Blue Green Pink Red Mixture

Num-
ber

17±13

(109)

5±6

(32)

32±67

(126)

6±8

(91)

3±4

(47)
1

7±18

(20)

3±3

(18)

4±4

(69)
1±1(11) 3±3(57) 6±8(109) 4±4(32) 4±4(32) 4±4(32)

FO 19 2 44 5 1 0 2 1 3 0 2 7 1 2 12

Debris ingestion among different sex 

Forty-eight males, 90 females and 53 unknown sex were 
recorded. The study found that for all genders, soft plastic and 
plastic rope were the common and either important or unimportant 
ingested debris. Hard plastic and foam plastic were the common 
while unimportant ingested debris of male and unknown sex 
turtles (Table 3). 

Statistical analysis showed that male turtles ingested less 
rubber and cotton thread than the other debris (p< 0.001). In term 
of debris weight, male turtle ingested more hard and soft plastics 
than the cotton thread. They also ingested more hard plastic than 
plastic rope (p< 0.001). Unknown sex turtles ingested more foam 
plastic than metal (p= 0.001). For all genders, transparent was the 
common ingested color. Mixture was the common ingested color of 
male and unknown sex turtles, and white was the common ingested 
color of the female and unknown sex turtles (Table 4). 

Statistical analysis showed that the turtles ingested more white 
debris than purple and red, and ingested more transparent than 
purple debris (p < 0.001). Comparison among different genders 
showed that male turtle ingested unidentified debris than the 
female turtles (p = 0.013). 

Debris ingestion among different age class

Three hatchlings, 143 juveniles, 37 sub adults and 8 adults were 
recorded. The study found that the soft plastic was the common 
while unimportant ingested debris of hatchling, juvenile and adult 
turtles. Plastic rope was either the common or most common and 
either important or unimportant ingested debris of juvenile, sub 
adult and adult turtles. Hard plastic was either common or most 
common and either important or unimportant ingested debris 
of both hatchling and juvenile turtles. Foam plastic was common 
while unimportant ingested debris of both juvenile and sub adult 
turtles. Unidentified material was the common while unimportant 
ingested debris of both juvenile and adult turtles (Table 5). 

Table 3: Number of turtles, number- and weight-specific, FO (%) and IRI of each ingested debris type of different gender of green turtles. Unit is mg for weight.

Gender Turtles Parameter Soft Plastic Hard 
Plastic

Cotton 
Thread

Plastic 
Rope

Foam 
Plastic Textile Rubber Wood Metal Unidenti-

fied

Male 48

number
23±20

(14)

17±22

(10)
0 9±11(24) 12±9(9) 0

1±0

(5)
0 0 4±3(3)

weight 1.4±2(14)
0.8±0.9

(10)
0 0.1 0.2±0.2(9) 0

0.2±0.1

(5)
0 0 0.2±0.1(3)

FO 32 23 0 29 12 0 1 0 0 2

IRI 19 7 0 <1 1 0 <1 0 0 <1

Female 90

number 15±37(42)
27±69

(22)
7±8(23) 21±56(76)

22±41

(33)

17±39

(11)

2±2

(9)

3±5

(4)
1±0(3) 13±24(23)

weight 8.6±6.2(42)
4.7±8.3

(22)

2.3±2.7

(23)
4.6±8(76)

5.7±12.7

(33)

0.5±0.7

(11)

1.8±1.9

(9)
0.2±0.2(4) 0.6±0.9(3) 4±6.2(23)

FO 15 15 4 38 17 4 1 < 1 < 1 7

IRI 5 1 <1 12 3 <1 <1 <1 <1 <1

Un-
known 

Sex
5

number
27±49

(38)

40±89

(24)
0 15±22(39)

29±41

(24)

4±4

(12)
0

14±28

(6) 1±0(4) 16±22(8)

weight
1.6±3

(38)

2.3±4.6

(24)
0 0.8±1(39)

1.3±1.7

(24)

0.3±0.4

(12)
0 0.3±0.5(6) 0.7±0.4(4) 0.2±0.2(8)

FO 29 28 0 16 20 1 0 2 < 1 4

IRI 9 8 0 3 3 <1 0 <1 <1 <1
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Table 4: Number of turtles, number-specific and FO (%) of ingested different color debris by different genders of green turtles.

Gender Tur-
tle

Pa-
ram-
eter

Trans-
parent

Semi-

Transpa

rent

White Black Grey Sil-
ver

Bro

wn

Or-
ange

Yel-
low

Pur-
ple Blue Green Pink Red Mix-

ture

Male 48
num-
ber

14±18

(24)

9±7

(12)

5±4

(20)

5±4

(20)

3±3

(17)
0

3±1

(2)
1±1(5)

4±4

(16)
1

4±4

(16)

5±4

(27)

5±5

(12)

3±2

(8)

16±27

(32)

FO 22 7 6 6 3 0 < 1 < 1 4 < 1 4 9 4 2 33

Female 90
num-
ber

12±28

(53)

3±3

(18)

24±62

(68)

6±10

(39)

2±2

(20)
1

4±5

(5)
2±1(7)

3±2

(31)

2±1

(5)

3±3

(27)

6±9

(52)

3±4

(16)

3±3

(23)

11±19

(49)

FO 17 1 44 6 1 < 1 1 < 1 2 < 1 2 8 1 2 14

Unknown 
Sex 5

num-
ber

26±45

(32)
0

44±70

(34)

6±8

(32)

5±6

(9)
0

9±22

(13)
6±5(6)

5±6

(19)

1±0

(5)

4±3

(16.)

6±7

(30)

5±1

(2)

4±5

(17)

6±14

(9)

FO 25 0 51 5 1 0 3 1 3 < 1 2 5 0 2 2

Table 5: Number of turtles, number- and weight-specific, FO (%) and IRI of ingested different debris type of different age class of green turtles. Unit: mg in weight.

Age 
Class

Tur-
tles

Pa-
rame-

ter

Soft Plas-
tic

Hard 
Plastic

Cotton 
Thread

Plastic 
Rope

Foam Plas-
tic Textile Rubber Wood Metal Unidentified

Hatch-
ling 3

num-
ber

5±4

(2)

25±33

(2)
0 0 0 0 0 0 0 0

weight 0.2
0.3±0.3

(2)
0 0 0 0 0 0 0 0

FO 16 84 0 0 0 0 0 0 0 0

IRI 6 52 0 0 0 0 0 0 0 0

Juvenile 145

num-
ber

25±45

(75)

39±73

(58)
0

14±19

(111)

23±33

(58)
4±4(16) 2±2(12) 11±22(9) 1±0(7) 28±51(29)

weight
5.1±12

(75)

10.7±24.5

(58)
0

2.9±6.2

(111)

2.8±4.7

(58)
0.3±0.4(16) 2.7±3(12) 0.3±0.4(9) 0.5±0.4(7) 3.2±3.6(29)

FO 24 26 0 19 17 1 < 1 1 < 1 10

IRI 6 9 0 4 2 <1 <1 <1 <1 <1

Sub-
adult 37

num-
ber

9±14

(19)

8±13

(7)
0

33±77

(31)

33±62

(10)
25±51(6) 2±1(2) 0 1 18±29(10)

weight
12.7±26.6

(19)

3.7±4.6

(7)
0

4.5±9

(31)

11.9±19.1

(10)
0.5±0.9(6) 0.3 0 2 0.2±9.3(5)

FO 8 3 0 51 17 8 < 1 0 < 1 9

IRI 3 <1 0 12 4 <1 <1 0 <1 <1

Adult 8

num-
ber

15±29

(4)

16±16

(2)

2±2

(3)

13±21

(8)

8±0

(3)
0 1±0(2) 0 1 16±29(5)

weight
1.6±1.9

(4)

0.9±1.3

(2)

0.6±0.9

(3)

8±11

(7)

1.2±0.6

(3)
0 1.1±1(2) 0 0.2 0.3±0.2(5)

FO 20 8 2 34 8 0 1 0 < 1 26

IRI 2 <1 <1 26 <1 0 <1 0 <1 <1

Statistical analysis showed that the juvenile turtles ingested 
more hard plastic and foam plastic than the metal, rubber, textile 
and cotton thread. They also ingested more soft plastic than the 
rubber and textile (p < 0.001). Compare among different age classes 

showed that juvenile ingested more types of debris than the other 
age classes. Statistical analysis showed that juvenile ingested more 
pieces of debris than adult turtle (p= 0.039). In term of ingested 
color, white was either the common or most common ingested 
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color of all age classes. Transparent and mixture were the common 
ingested color of juvenile, sub adult and adult turtles (Table 6).

BCI and BB of all species and the relationship with the 
body length (SCL) and ingested debris abundance 

The number of either SCL or debris ingestion of both hatchling 
and adult turtles were less than 2, these two parameters were 
excluded from analyses. The mean BCI ranged from 0.09 (male 
and subadult) to 1.84 (juvenile), and mean BB ranged from 0.65 
(unknown sex) to 4.23 (male) (Table 7). 

Analysis showed that the BCI of the genders and age classes 
were not influenced by the ingested debris weight (p = 0.57 for 
male turtles, p = 0.982 for female turtles, p = 0.393 for unknown 
sex turtles, p = 0.962 for juvenile turtles, p = 0.626 for subadult 

turtles). Except female turtle, BB was also not influenced by the 
ingested debris abundance (p = 0.63 for male turtles, p = 0.578 
for unknown sex turtles, p = 0.175 for juvenile turtles, p = 0.903 
for subadult turtles). For the female turtle, body burden (BB) was 
found increased with the straight carapace length of the turtles (BB 
= -2.921+0.0899(SCL), n = 63, r = 0.276, p = 0.029).

Proportion of debris in each section of the intestine tract 

(Table 8) Fifty-night turtles were available for determining the 
position of debris within the digestive tracts. A total of 100 pieces 
of debris were collected. Analyzed showed the debris contained in 
each section of digestive tract were 2% in the esophagus, 5% in the 
stomach, 2% in stomach I, 13% in stomach II, 23% in stomach III, 
32% in stomach IV and 19% in stomach V. 	

Table 6: Number of turtles, number-specific and FO (%) of ingested different color by different age class of green turtles.

Tur-
tles

Age 
Class

Pa-
ram-
eter

Trans-
parent

Semi-

Trans-
pa

rent

White Black Grey Sil-
ver Brown Or-

ange
Yel-
low

Pur-
ple Blue Green Pink Red Mix-

ture

3 hatch-
ling

num-
ber 5 5

24±30

(2)
1 0 0 0 0 0 0 2 1 0 2 0

FO 9 <1 81 2 0 0 0 0 0 0 3 2 0 3 0

145 juve-
nile

num-
ber

19±37

(81)

6±7

(22)

30±57

(103)

5±6

(72)

3±4

(33)
1

9±20

(15)

3±4

(17)

4±4

(53)

1±1

(8)

4±4

(40)

5±6

(79)

4±4

(24)
3±3(38)

14±25

(61)

FO 21 2 42 5 2 < 1 2 1 3 < 1 2 6 1 2 12

37 sub-
adult

num-
ber

8±10

(23)

4±3

(9)

43±102

(21)

9±15

(14)

2±2

(11)
1

3±1

(4)
3

3±2

(9)

1±0

(2)

3±4

(13)

8±12

(24)

2±2

(3)
5±5(6)

9±11

(23)

FO 11 2 50 7 1 < 1 1 < 1 2 0 2 10 < 1 2 12

8 adult
num-
ber

19±25

(4)
0

8±11

(5)

2±2

(3)

2±1

(2)
0 1 0

1±0

(4)
2

1±0

(3)

3±2

(5)

10±11

(2)
3±2(2)

7±8

(6)

FO 35 0 18 3 1 0 < 1 0 2 1 1 7 9 2 20

Table 7: BCI and BB of different gender and age class of green turtles.

Parameter Mean S.D. Replicates

Male

BCI 0.09 0.02

32BB 4.23 6.75

Female

BCI 0.1 0.02

63BB 1.4 4.14

Unknown Sex

BCI 0.11 0.02

38BB 0.65 1.18

Juvenile

BCI 0.11 0.02

110BB 1.84 4.19

Subadult

BCI 0.09 0.03

20BB 2.06 6.65

Table 8: Number and proportion of debris contained in each section of the digestive tract.

Parameter Esophagus Stomach Intestine I Intestine Ii Intestine Iii Intestine Iv Intestine V

Number 2 5 2 13 27 32 19

% Total 2 5 2 13 27 32 19
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Discussion

Marine debris selection of green turtle in the nearshore 
waters of Northern Taiwan

Marine debris in total, represented by four major types: plastics, 
ropes, Styrofoam and monofilament lines [30]. In this study, except 
the hatchlings, soft plastic and plastic rope were the common and 
either important or unimportant ingested debris. Soft plastic was 
the common while unimportant ingested debris of hatchling. Hard 
plastic and foam plastic were the common while unimportant 
ingested debris, mainly of male, unknown sex, hatchling and juvenile 
turtles. Unidentified material was the common while unimportant 
ingested debris, mainly of juvenile and adult turtles. Thus, different 
gender and age class might select ingest different debris types, the 
major ingested types were similar. Overall, soft and hard plastics, 
plastic rope, foam plastic and unidentified material were the major 
ingested debris of green turtles in Northern Taiwan. Plastic ropes 
includes mainly the fishing lines such as monofilaments rope, and 
synthetic ‘soft bait’ lures rope for wrap up bags, etc. They are the 
marine debris originate mainly from the fishing vessels [4,8,31]. 
Results of this study suggested that the marine debris is a major 
source of ingested debris in the nearshore waters of Taiwan. 
High fishing activities may responsible for this result. In addition, 
plastic rope can also entangle marine debris [20], or macroalgae 
[2] which also ingest by accident. Both soft and hard plastic were 
either the common or most common ingested debris. Soft plastics 
(i.e. synthetic debris) include sheetlike plastic, single-use plastics 
such as food packaging and bags. Hard plastic includes plastic cap, 
piece of plastic bottles etc. [1,6,8,32]. These debris mainly derived 
from land sources of high human activities or dumpsters, and 
transport to the sea as garbage. Sea turtles feed on soft and hard 
plastics because they mistake for the natural foods [3,13,14,33]. 
Plastic may also become the base for the growth of plankton or 
algae [13,34], results in the ingestion by accident [2]. Unidentified 
material was the common while unimportant ingested debris for 
green turtles. Green turtle is an omnivorous feeder, they are less 
selective compare to the carnivorous sea turtles [2,23]. Thus, it 
may include unidentified material as the common ingested debris. 
The statistical analysis showed that the green turtles ingested least 
amount of cotton thread and rubber. These two debris may be least 
expose to the animal. Turtles were found ingested less amount of 
metal, textile, cotton thread, and rubber than the major ingested 
debris such as soft and hard plastics, plastic rope and foam plastic. 
It is possible that these materials were occasionally encountered by 
the green turtles.

Marine debris color ingested by green turtles

Except the male turtles, white was the common and most 
important ingested color debris. Except the hatchling turtles, 
transparent was the important ingested color and except female 
and hatchling, mixture was the important ingested color debris. 
Thus, white, transparent and mixture were the major ingested 

color debris. Turtles ingested less purple and red debris than white 
and transparent debris. It is possible that the encounter of these 
color debris was less frequent than the major ingested color. Again, 
green turtles of different gender and age class might select ingest 
different color. However, the major ingested types were similar. 
Overall, white, transparent and mixture were the common ingested 
color for gre White and transparent seem the most widespread 
colors of floating bags, thus the highest frequent ingested debris 
[4,5,11,19]. The other possibility is that sea turtles can distinguish 
colors [35] and prefer certain colors when feeding [23]. Sea turtles 
in the nearshore shallow waters have stronger color selection than 
the ocean species. A large part of the nearshore species’ diets is 
jellyfish or cephalopods [36]. They may thus mistake white and 
transparent debris for food and actively ingest them [3,4,10,23]. 
Other colors were also commonly ingested by sea turtle may relate 
to the mixture of these colors with the predominant colors or 
encrusted by natural preys [10,12]. Turtles select ingest mixture 
color may be due to the mixture of marine debris with the food they 
ingested.

Marine debris selection changes with the age classes

This study found that the major ingested debris changed with 
the age class. For the hatchlings, soft and hard plastic was either the 
common or most common and either the important or unimportant 
ingested debris. For the juvenile turtles, soft plastic, plastic rope, 
foam plastic and unidentified material was the common or most 
common and either the important or unimportant ingested debris. 
For the subadult turtles, plastic rope and foam plastic were the 
common while unimportant ingested debris. For the adult turtles, 
plastic rope and unidentified material were the common or most 
common and either the important or unimportant ingested debris. 
Thus, it is clear that juvenile turtles ingested more debris types 
than the other age classes. However, there was no trend of change 
in color debris ingested among different age classes. Ingestion can 
occur at all stages of a sea turtle’s lifecycle; however, it appears to 
be most frequent in juvenile and pelagic stages [12,17,23]. Ocean 
plastics are a combination of floating plastics (subject to wind 
stress) and neutrally buoyant plastics in the mixed layer [12,20,23]. 
Oceanic life-stage turtles were significantly more likely to ingest 
debris (plastic and proportionally more sheets and line) than the 
neritic life-stage turtles [17,20,28]. Juvenile turtles experienced 
the shift of foraging habitat from pelagic oceanic to benthic neritic 
habitats. Thus, they foraged more debris type than the other age 
classes [37]. Relationship between BB and ingested debris weight 
and between BCI and body size (SCI) of different gender and age 
class Sea turtle increase debris ingestion as they grow [3,15,33]. 
Sea turtles, however, may decrease debris ingestion through 
naivety and/or ontogenetic shifts in diet or decrease the chance 
of contact marine debris by shift their habitat with age [28,37]. In 
this study, except the body burden (BB) of female turtle increased 
slightly with the body size, no relationship was found between BB 
and body size and between BCI and number of debris ingested in all 
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genders and age classes. It is possible that the major size range of 
this study was too narrow; 75% was juvenile (35 to 55 cm in SCL). 
Thus, no significant relationship can be detected. 

Distribution of marine debris in different section of the 
intestine

This study found that 78% of the ingested debris was in the 
large intestine (section III to V in Table 8). Similar results were 
found in the other studies [9,28,34]. Most turtles consumed debris 
several weeks to months prior to egestion or be found [28,34]. 
Marine debris thus can affect sea turtles through dietary dilution as 
it passes throughout the digestive tract and is ultimately excreted 
[4,9]. Marine debris might remain in the digestive tract for several 
weeks or longer in this study. The above arguments indicate that 
the ingestion of anthropogenic debris does not kill sea turtles in 
Taiwan directly, but a sublethal effect cannot be ruled out [28,38]. 
More research on this topic is warranted if we wish to understand 
this problem and find a proper solution to it.

Conservation implications

Anthropogenic debris is a “tragedy of the commons” that has 
become a major threat to the marine ecosystem [1,2,39]. The recent 
prevalence of the novel coronavirus (SARS-CoV-2) is expected 
to substantially increase the numbers of disposal facial masks 
being used; this will in turn increase the amount of plastic and 
microplastic in the ocean in the near future. It is thus important 
to determine how debris, especially plastic pollutants, affect the 
health of coastal environment. Sea turtles are a flagship animal, 
and thus the study of the marine debris they ingest can reflect the 
detrimental impact to the marine fauna in the region. We can also use 
the flagship character of sea turtles to conduct marine environment 
awareness campaigns to reduce the input of debris into the marine 
environment. There are not many studies on marine debris 
ingestion by sea turtles in Asia [40], and this is the first such study 
to be carried out in Taiwan. Taiwan has a population of approximate 
23 million people concentrated in a few major cities, most of which 
are located near the coastal areas. Thus, the anthropogenic debris 
that leak into nearshore waters may not directly cause mortality in 
Taiwan’s sea turtles, but it can still kill these organisms over time. 
It is important to identify such threats to the nearshore marine 
environment so that proper management strategies can be carried 
out to combat them. The other solution to the plastic problem is 
to transition straight economy into a circulatory economy by 
shifting “from a produce, use, dispose approach to a design, use, 
re-design/re-use approach” [39-44]. This can not only decrease 
the amount of trash in the environment, recycle them in a smart 
way, but enhance the relevant industries. For example, a high-tech 
company in Taiwan; LITEON Inc. has turned foam Styrofoam boxes 
into laptop mouses and keyboards, and turned plastic bottles into 
T-shirts in recent years (Personal communication). Even though 
they only demonstrate the ability to convert the trash into useful 

tools without become part of the business. They do, however, open 
a road to find “gold mine in the trash”.
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