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Abstract

Coral growth in Indonesia was being disrupted due to the continued threat of 
environmental change, such as littering to the beach. This study aimed to analyze 
the effect of the attachment of different colored plastic waste to the rate of zooxan-
thellae abundance on branching corals in Kelapa Dua Island waters. Branching 
coral colony samples consisted of the genus Acropora and Porites with a total of 
15 fragments of coral colonies at the depth of 80-90 cm were tested with a treat-
ment of the attachment plastic wastes (control, clear plastic, plastic sack, plastic 
packaging, and black plastic) for four days. The zooxanthellae abundance was 
calculated using the APHA (American Public Health Association) formula. The 
results of zooxanthellae abundance on the closure treatment of branching coral 
samples with black plastic and control had the lowest and highest values by 4.25 
x 105 cells/cm2 and 1.38 x 106 cells/cm2. The results of the linear regression test 
showed that there was a significant relationship between plastic waste with low 
light intensity and a decrease of zooxanthellae abundance in coral colonies with 
the equation Y of 972.78x + 653402, determination index (R2) of 0.68, and cor-
relation index (r) of 0.83. These results indicated that the attachment of plastic 
waste to branching coral colonies could be a stressor on coral animals in reducing 
light intensity, which caused a reduction of zooxanthellae abundance as coral en-
dosymbiont.
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1. Introduction

Coral growth in Indonesia was being disrupted due 
to the continued threat of environmental change (Heery 
et al., 2018). In coastal areas, for example, the lifestyle 
of coastal residents and beach tourists can produce var-
ious kinds of pollution such as cumulation of garbage 
around the beach (Loulad et al., 2019), fishing activities 
in coastal areas which sometimes leave ripped nets that 
stuck in corals (Al-Jufaili et al., 1999; Bavestrello et 
al., 1997; Haynes, 1997), and many other human activ-
ities that produce marine debris which can disrupt coral 
health.

In 2010, Indonesia ranked second highest, after 
China, of countries that produce plastic waste that was 
not well managed (Jambeck et al., 2015). The report up 
to 2010 noted that Indonesia was able to produce 3.22 
million tons/year of plastic waste that was not well man-
aged of which 0.48-1.29 million tons/year was plastic 
waste entering marine waters (Jambeck et al., 2015). 
Jakarta Bay, the central city in Indonesia, is an area with 
the potential to produce plastic waste that enters marine 
waters (marine debris) in large quantities (Cordova et 
al., 2019). This is inseparable from the function of the 
city of Jakarta as a densely populated capital, besides, 
Jakarta bay is also an area with a large water volume 
input sourced from 13 rivers (Sahwan, 2004; Shidqi 
et al., 2018). It had been proven that Jakarta bay was 
able to produce up to 23 million tons of plastic waste 
on average per day from 9 river estuaries (Cordova et 
al., 2019). 

Plastic waste is the largest contributor to the 
composition of marine debris (Abu-Hilal et al., 2009; 
Ballesteros et al., 2018; Loulad et al., 2019).  The re-
search in the Florida Sea showed that fishing activities 
accounted for 87% of fishery waste in the form of nets, 
plastics, and mines stuck to corals, where 57% of the 
waste was stuck on branching corals, 19% was caught in 
solid corals, and 13% were caught on soft corals (Chiap-
pone et al., 2005)however, to assess the impacts of lost 
fishing gear to benthic organisms and habitat structure. 
In this study, 63 offshore coral reef and hard-bottom 
sites were surveyed during 2001 to quantify the impacts 
of lost fishing gear to coral reef sessile invertebrates. 
Lost hook-and-line fishing gear accounted for 87% of 
all debris (N=298 incidences. The attachment of plastic 
waste to corals has the potential for degradation in these 
corals, such as the cause of inhibiting the arrival of light 
and oxygen on corals (Lamb et al., 2018) and physical 
damage to corals, so that they can reduce photosynthe-
sis in zooxanthellae (Fachrurrozie et al., 2012; Richards 
et al., 2011).

The impact caused by different types of plastic 
waste on coral animals, in particular, is still not well  

documented. Based on the past research, only Fachru-
rrozie et al. (2012) who conducted the study about the 
impact of plastic debris to the coral organism. Further-
more, Fachrurrozie et al. (2012) only used three types of 
plastic; dark plastic, half dark plastic, and clear plastic. 
The difference of color in plastic waste allows for dif-
ferent effects on light intensity and the rate of zooxan-
thellae abundance in corals, so it is necessary to look 
specifically at the different impacts of each (Fachrurro-
zie et al., 2012). This study aimed to analyze the effect 
of sticking different colored plastic waste on the abun-
dance rate of zooxanthellae in branching corals. The 
results of this study are expected to be a reference for 
research activists regarding the detailed degradation ef-
fects of coral animals from the sticking plastic waste, 
especially the abundance of zooxanthellae that exists on 
coral reefs.

2. Materials and Methods

2.1 Location and Time of Research

The research was conducted in October and No-
vember 2019 at Kelapa Dua Island waters, Seribu Is-
lands, DKI Jakarta which included field and laboratory 
research. The location coordinate of the data collection 
was at 5˚39’ S and 106˚33’ E (Figure 1). Kelapa Dua 
Island is a part of the island group in the Seribu Islands 
which is accessible for tourism activities. 

2.2 Materials

The tools and materials used in the research were 
divided into field study equipment and laboratory 
equipment. Field study equipment included basic div-
ing equipment such as camera (G12, Canon, Japan), 
coral health chart (coral health chart, University of 
Queensland, Australia), light meter (LI-250A) with un-
derwater quantum sensors (LI-192SA and LI- 193SA), 
DO meter (DO-5510, Lutron, USA), pH meter (Pen 
Type PH-009-A), Refractometer (Master-S28M, Atago, 
Japan), branched coral sample bottle, cool box, statio-
nery, and plastic waste sample. Meanwhile Laboratory 
equipment included a binocular microscope (CX22, 
Olympus, Japan), hemocytometer, cover glass, and 
dropper pipette. The materials used were lugol as the 
preservation of post-extracted zooxanthellae samples 
from coral colonies and seawater as storage media for 
branched coral samples.

The sampling of branched coral colonies was car-
ried out at a depth of 80-90 cm from the water surface. 
Samples of branching coral colonies were observed us-
ing a coral health chart to determine healthy coral col-
onies. The branched coral colonies sampled were coral 
colonies from the genus Acropora and Porites with a 
total of 15 coral colony fragments.
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Figure 1. The location of data collection in Kelapa Dua Island waters is the management area of the National Park Manage-
ment Section (SPTN) Region I of the Seribu Islands Marine National Park. The part shaded with black round marks is the 
research point of implementation at 5 research 39 ‘latitude and 106˚33’ east longitude.

Figure 2. Installation of plastic waste attached to the coral colony for four days. A is the control treatment, B is the sticking 
treatment with clear plastic, C is the attachment treatment with plastic sacks, D is the attachment treatment with plastic pack-
aging, and E is the attachment treatment with black plastic.
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2.3 Methods

2.3.1 Installation of plastic waste on branched coral 
samples

The inorganic waste that would be used as a treat-
ment for branched coral colonies consisted of four 
types, namely dark black plastic, plastic packaging, 
plastic sacks, and clear plastic (Figure 2). The plastics 
were attached to the designated branching coral colo-
nies with three repetitions of each for another branching 
coral colony not far between points for four days. One 
branching coral colony had five fragments of branching 
coral which four fragments were attached by each type 
of plastic waste and one fragment was control treatment. 
Then, this study had 15 data for three repetitions. 

2.3.2 Sampling of coral colony fragments

Fragments of branched coral samples were taken 
on the last day of field observation then put into a sam-
ple container that was already filled with seawater. The 
volume of 200 ml seawater was taken and put into a 
1000 ml beaker glass based on Pudjiarto et al., 2015; 
Widiarti et al., (2014).

2.3.3 Zooxanthellae extraction

The coral fragments were placed in a container 
such as tray, then sprayed using a spray filled with sea-
water. This spraying was continued until the coral color 
turned into white and the mucus produced on the coral 
skeleton was no longer there. It was assumed that zoo-
xanthellae in corals had been extracted from the inner 
layer of the coral (endodermis). The sprayed water that 
was collected in the tray container was put into the sam-
ple bottle and given few drops of lugol solution. Each 
zooxanthellae extraction from coral fragments had dif-
ferent amount of total sprayed water from one anoth-
er because it depended on the surface area of the coral 
fragment and the area that had bleaching after it was 
attached by plastic debris for four days (Asmiati et al., 
2017; Pudjiarto et al., 2015; Widiarti et al., 2014). The 
surface area of branched coral fragments was calculated 
after zooxanthellae extraction using Image-J software.

2.3.4 Zooxanthellae observation

The observations were made using a hemocytome-
ter and covered with a cover glass on a microscope with 
a magnification of 10 to 40 times (Asmiati et al., 2017; 
Pudjiarto and Widiarti, 2015). Zooxanthellae density 
was calculated using the American Public Health Asso-
ciation (1992) or APHA formula as follows;

Cell density of zooxanthellae (cell/cm2) = (N x At x 
Vt)÷(Ac x Vs x As) 

Where: N = number of zooxanthellae counted (cells), At 
= area of cover glass (mm2), Vt = total sample volume, 
Ac = area of coral colony sample (cm2), Vs = volume of 
sample used (ml), As = area of hemacytometer (mm2).

2.4 Data analysis

The relationship of zooxanthellae abundance with 
different colored plastic waste was analyzed using linear 
regression analysis to see the correlation between vari-
ables based on the correlation coefficient (r) and the co-
efficient of determination (R2). The value of the correla-
tion coefficient which ranged from -1 to +1 where the 
coefficient value was getting closer to -1 or +1, showed 
the greater influence of the independent variable on the 
dependent variable. Furthermore, the value of the co-
efficient of determination (R2) was obtained based on 
the results of the square of the correlation coefficient 
(r) then converted to a percentage value. The ANOVA 
(Analysis of Variance) Single Factor test was conduct-
ed to test the significance of the data. All analysis were 
performed using Microsoft Excel 2016.

3. Result and Discussion

3.1 The Waters Condition

The condition of the waters where the research was 
conducted still showed normal water conditions for cor-
al reef life, both on the first to the last day (Table 1). 
Sea surface temperature parameters were in the average 
range of 29.5-30.6o C, then the salinity was in the range 
of 31.4-32.4o/oo, pH was in the range of 8, and dissolved 
oxygen (DO) was in the range of 6.3-8 mg/L for four 
days of observation. The parameter of light intensity 
in the water was varied because the weather tended to 
change from sunny to cloudy when the research was 
conducted. It showed a decrease in the value of the light 
intensity parameter to be 492.60 ± 15.68 µmol/m2sec 
especially on the last day of observation. This was be-
cause the measurement of water quality parameters was 
only carried out in the morning when the observation 
had ended.

3.2 Zooxanthellae Abundance

The calculation results of the abundance of zooxan-
thellae in each treatment showed varying values, rang-
ing from 4.25 x 105 to 1.38 x 106 cells/cm2 (Figure 3). 
The range of zooxanthellae abundance values   was still 
in the normal range on coral reefs. The range of zooxan-
thellae abundance in coral animals was between 0.23 
x 106 to 1.75 x 106 cells/cm2 (Costa and Amaral, 2000) 
and 0.27 -1.58 x 106 cells/cm2 (Asmiati et al., 2017). 
The closure treatment of branched coral samples with 
black plastic had the lowest zooxanthellae abundance 
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value among the other five treatments, namely with an 
average zooxanthellae abundance of 4.25 x 105 cells/
cm2. The treatment without plastic covering or control 
showed the opposite result, which had the highest aver-
age of zooxanthellae abundance among all treatments, 
namely 1.38 x 106 cells/cm2. Each branching coral colo-
ny cover treatment with clear plastic, plastic sacks, and 
plastic packaging had the highest to lowest average zo-
oxanthellae abundance. The abundance of zooxanthel-
lae with clear plastic covering treatment was 1.04 x 106 
cells/cm2, followed by the abundance of zooxanthellae 
with the plastic sack, and packaging covering treatment  

with each value of 1.03 x 106 cells/cm2 and 9.17 x 105 
cells/cm2 respectively.

The difference in the yield of zooxanthellae abun-
dance was also followed by the difference in light in-
tensity produced in each treatment (Table 2). Closing 
treatment of coral colony samples with plastic pack-
aging was the treatment with the lowest light intensity 
value, namely 5.29 µmol/m2sec. The treatment of coral 
colony cover samples with black plastic, plastic sack, 
clear plastic, and control was followed sequentially 
from lowest to highest, with each value of 26.18 µmol/
m2sec, 353.69 µmol/m2sec, 508.57 µmol/m2sec, and 
666.97 µmol/m2sec.

Table 1. Water parameter values (mean ± SD), including sea surface temperature, salinity, pH, dissolved oxygen (DO), light 
intensity in the waters, and depth at the study site for four days of observation. The values of these water parameters still show 
the values that are still included in the criteria for the viability of coral reef organisms.

Figure 3. Graph of the average value of zooxanthellae abundance in each treatment of attaching plastic waste to branched 
coral colonies for four treatment days, where the control treatment, affixing with clear plastic, plastic sacks, plastic packag-
ing, and black plastic had the highest to the lowest zooxanthellae abundance values. Sequentially. The straight line shows the 
standard deviation value on each chart.
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Day SST Salinity pH DO Water intensity Depth 
 (0C) (o/oo)  (mg / L)  (µmol / m2sec) (cm)

0 30.37 ± 0.38 31.67 ± 0.71 7.99 ± 0.08 7.97 ± 1.57 757.51 ± 365.45 81.56 ± 13.47

1 30.57 ± 1.11 32.44 ± 0.71 7.97 ± 0.05 6.72 ± 1.23 733.41 ± 367.35 82.22 ± 13.26
2 30.78 ± 1.06 31.78 ± 0.67 8.04 ± 0.07 6.39 ± 0.78 679.53 ± 367.68 79.67 ± 10.16

3 30.51 ± 0.79 31.89 ± 1.17 8.06 ± 0.05 6.26 ± 0.51 671.82 ± 300.35 87.33 ± 3.74

4 29.57 ± 0.15 32.33 ± 0.58 8.03 ± 0.06 6.77 ± 0.38 492.60 ± 15.68 83.00 ± 1.00
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smaller than the F table value (F crit) 3.48 with a con-
stant α = 0.05, so that H0 was accepted (Table 3). This 
result was proven in the treatment of clear plastic cov-
er, plastic sacks, plastic packaging, and black plastic in 
branched coral colonies which still had relatively similar 
values   of zooxanthellae abundance, although there was 
a decrease in the value trend. These results also proved 
that zooxanthellae could still be found in low light in-
tensity conditions, even though plastic waste had been 
covered for four days. Based on this data, it proved that 
zooxanthellae had high durability and plasticity (Hill 
et al., 2009; Mwaura et al., 2009) In addition to treat-
ment with the light intensity of 0 µmolm2sec for four 
days, zooxanthellae were still found in coral colonies 
(Fachrurrozie et al., 2012) and corals of the Platygyra 
sinensis species were still able to survive even though 
they were cultured at 0 µmol/m2sec light intensity for 
two years (Kuanui et al., 2020) 

Long duration of attachment or cover by plastic 
waste (beyond the treatment period) to branching cor-
al colonies would have a significant effect in degrading 
the number of zooxanthellae in coral. The results of the 
linear regression test showed that there was a signifi-
cant relationship between the attachment of low light 
intensity plastic waste with a decrease in the abundance 
of zooxanthellae in coral colonies where the equation 
Y = 972.78x + 653402 with an index of determination 
(R2) = 0.68 and a correlation index (r) = 0.83 (Figure 
4). This meant that when a branched coral colony was 
affixed with low-intensity plastic waste for four days, it 
had degraded the number of zooxanthellae in branched 

The differences in trends between the abundance 
value of zooxanthellae and the value of light intensity 
in each of the branching coral colony cover treatments 
were generally related, although there were slight differ-
ences. The closure treatment of branched coral colonies 
with black plastic and plastic packaging was inversely 
proportional. Other treatments, namely control, clear 
plastic, and plastic sacks tended to have the same trend 
when the degradation of the light intensity value was 
accompanied by a degradation of the abundance value 
of zooxanthellae in coral colonies. These three treat-
ments were under the principles of the conditions for 
the existence of coral reef life, where less light inten-
sity resulted in a degradation of coral animals (Kuanui 
et al., 2020)we investigated the effects of increase and 
decrease of light intensity and photoperiods on growth, 
survival, and photosynthetic efficiency in three different 
corals, Pocillopora damicornis (Linnaeus, 1758, such as 
reduced photosynthetic ability in zooxanthellae (Jones 
and Yellowlees, 1997; Rani et al., 2004) which had an 
impact on the reduced nutrient supply in coral animals, 
thus resulted in coral mortality (Glynn, 1993; Subhan et 
al., 2012). 

3.3 Single-factor ANOVA Test Results and Linear 
Regression on the Five Treatments

The results of the single factor ANOVA test showed 
that each treatment of coral colony cover with different 
colored plastics was not statistically significant. This 
was based on the calculated F value (F) 2.44 which was 
 
 
 

 

Source of Variation F P-value F crit

Between Groups 2.44 0.11 3.48

Table 2. The value of light intensity resulted from the sticking treatment of plastic waste to branching coral  
colonies (mean ± SD). Attachment to plastic packaging has the lowest light intensity value of 5.29 µmol / m2sec, 
while the control treatment has the highest light intensity value of 666.97 µmol / m2sec.

Table 3. ANOVA (Analysis of Variance) single factor test results on the abundance 
values of zooxanthellae from each treatment of plastic waste sticking in branched 
coral colonies. F count (F) <F table (F crit), with a constant α = 0.05
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Treatment
Average of Light Intensity 
(µmol/m2sec)

Average of Zooxanthellae 
Abundance (cells/cm2)

Control 666.97 ± 103.92 1.38 x 106 ± 3.31 x 105
Clear Plastic 508.57 ± 72.99 1.04 x 106 ± 5.02 x 105

Plastic Sack 353.69 ± 42.07 1.03 x 106 ± 5.02 x 105
Plastic Packaging 5.29 ± 1.09 9.17 x 105 ± 3.19 x 105

Black Plastic 26.18 ± 13.60 4.25 x 105 ± 1.05 x 105
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coral colonies by 68%. This correlation proved that low 
light intensity still had the effect of decreasing the num-
ber of zooxanthellae in coral colonies (Kuanui et al., 
2020)we investigated the effects of increase and decrease 
of light intensity and photoperiods on growth, survival, 
and photosynthetic efficiency in three different corals, 
Pocillopora damicornis (Linnaeus, 1758, if the sticking 
of plastic waste or other causes (sedimentation) caused 
a decrease in light intensity to coral colonies occurred 
continuously. The sedimentation caused degradation of 
coral reefs, sediment types from silt and clay were the 
type of sediment that had the most negative impacts on 
coral animals (Barus et al., 2018). Furthermore, when 
sedimentation was high, it affected the number of cor-
al genera which was also getting lower (Barus et al., 
2018).  

 In addition to reducing light intensity, the fric-
tional effect of plastic waste on coral colonies had the 
potential to be another factor that caused damage to cor-
al colonies. Attachment of plastic waste to coral colo-
nies also had the potential to damage the exotic beauty 
of the sea that coral reefs provide. Thus, it is necessary 
to be aware of coastal communities and tourists not to 
use the sea as a garbage dump.

4. Conclusion

The treatment of different colored plastic waste 
sticking to the branching coral colonies gave differ-
ent effects of zooxanthellae abundance. Attachment 
of black plastic waste to branched coral colonies was 
the treatment that had the most impact on reducing the 
abundance of zooxanthellae. Plastic waste that had a 
low light intensity value had a positive correlation to a 
decrease in the value of zooxanthellae abundance in the 
treatment carried out for four days. The decrease in the 
abundance of zooxanthellae in low light intensity plastic 
waste in branching coral colonies proved that intensity 
had an important role in the existence of coral reef life.
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