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ABSTRACT
Green turtles (Chelonia mydas (Linnaeus, 1758)) take advantage of the sand beach area as a
stopover and carry out biological activities such as nesting and laying eggs. Pangumbahan Beach is one
of the green turtle conservation places which is directly adjacent to the Indian Ocean. Tides affect
physical processes such as the flushing of seawater on to the coast due to waves and flushing of water
masses in estuaries, lagoons, and bays. This research aims to determine the effect of tides on the Green
Turtle's nesting activity (Chelonia mydas). This research was conducted in July-September 2020, using
observation and survey methods, and was analyzed descriptively. The data used include beach width,
beach slope, tidal data, and landing data for Green Turtle (Chelonia mydas). A type of beach with a
slope of 1.77° - 5.77° with an overall average of 3.4°, the Formzahl number value obtained at tide is
0.55, indicating the mixed type tidal type tends to double daily (Mixed, predominantly semi-diurnal
tide). The results of this study indicate that the landing times and the formation of green turtle nests
(Chelonia mydas) do not correlate with rising tides. The average effect of tides on green turtle eggnesting activity (Chelonia mydas) was 0.111%, while the tidal effect on green turtle nesting activity
(Chelonia mydas) was 4.09%. The highest frequency of Green Turtle (Chelonia mydas) nesting activity
occurred between 22:00 and 02:00.
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1. INTRODUCTION
Green Turtle (Chelonia mydas (Linnaeus, 1758)) is often found and lives in tropical seas
[1]. Green Turtle (Chelonia mydas) specimens are frequently observed in feeding areas or found
stranded throughout estuarine and coastal areas [2]. Internationally, the Green Turtle (Chelonia
mydas) belongs to the Endangered Species group on the IUCN Red List, meaning that the
species will soon be at risk of extinction. On the CITES, Green Turtle (Chelonia mydas) is
categorized in Appendix I, meaning that it is prohibited in all forms of international trade.
Indonesia itself has established protection for all types of turtles, including the Green Turtle
(Chelonia mydas) through the Government Regulation No. 7 of 1999 concerning Preservation
of Plants and Animals [3]. Green turtle (Chelonia mydas) has been extensively hunted in
Indonesia since ancient times, especially for its meat and eggs [4]. Increasingly, the presence
of the green turtle (Chelonia mydas) population decreases. The decline green turtle (Chelonia
mydas) population is influenced by natural changes around its nesting habitat, such as coral
reefs damaged, forest destruction, and densely population around the Wildlife Sanctuary. It
makes green turtles usually coming to Asylum Marga Satwa is reluctant to nest eggs [5]. Turtles
tend to choose nesting sites with slopes less than 30° [6]. Coastal vegetation is one of the
requirements for turtles to choose a beach as their spawning location because the vegetation in
a nesting area will provide them with comfort as they lay eggs [6-8].
Pangumbahan Beach is one of the green turtle (Chelonia mydas) nesting beaches.
Pangumbahan Beach is one of the green turtle nesting beaches (Chelonia mydas). It is located
on the southern coast which is directly adjacent to the Indian Ocean. Therefore, this region is
often hit by high waves from the open ocean [9, 10]. One of the reasons why green turtles favour
Pangumbahan Beach is that it is directly facing the Pacific Ocean which is an open sea and has
suitable physical coastal conditions and which supports green turtle nesting [11]. One of the
reasons why green turtles favour Pangumbahan Beach is that it is directly facing the Pacific
Ocean which is an open sea and has suitable physical coastal conditions and which supports
green turtle nesting [12].
One of the factors that influence turtles to lay eggs is tide [13]. Tides affect physical
processes such as the flushing of seawater to the coast due to waves and flushing of water
masses in estuaries, lagoons and bays [14]. The types and nature of tides on the earth's surface
vary widely. This is due to varying topographical factors, especially in islands with narrow and
steep straits, tides will appear on the high seas [15]. Tides are caused by the attraction between
two forces in the oceans, which comes from the centrifugal force caused by the earth's rotation
on its axis and the gravitational force emanating from the moon. This movement is accompanied
by periodic horizontal movements of seawater masses, and the type of tides of water is
determined by the frequency of tides per day [13]. Tide is one of the marine phenomena that
significantly affect marine life, especially in coastal areas [16].
Determination of the type can be done by looking at the tide curve generated from field
data. Tides at an observation location are separated according to the type of diurnal type, semidiurnal type, and mixed tide [17]. In Pangumbahan beach, the type of tide is mixed tide
prevailing semi-diurnal that is if, within 24 hours, there are two times the high tide and two
times the low tide [18].
Several problems reduce the number of turtles landing to lay eggs, so efforts are needed
to overcome these problems through tidal observation activities on the coast of Pangumbahan,
Sukabumi Regency, West Java. We see these conditions prompted the author to research the
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effect of tides on the green turtle (Chelonia mydas) nesting activity on Pangumbahan Beach,
Sukabumi Regency, West Java, Indonesia.

2. MATERIALS AND METHODS
2. 1. Study Sites
The research in July - September 2020 included several stages: the survey stage, the data
collection stage, and the data processing stage. This research was conducted at Pangumbahan
Beach, which is administratively located in the Ciracap District, Sukabumi Regency, West Java,
with a beach length of 2.7 km. Pangumbahan Beach Turtle Conservation Area consists of six
observation posts. This research will be carried out in all the turtle observation posts.
Determining the coordinates of this sampling is taken using GPS (Global Positioning System)
to see the coordinates. The determination of the sampling station at Pangumbahan Beach,
Sukabumi, is following the existing turtle observation posts on the beach. The following is
Table 1 of the coordinates of Pangumbahan Beach:
Table 1. Coordinates of Sampling Stations.

Station

Coordinate of Pangumbahan Beach

1

S 07°19'58.8"
E 106°23'52.8"

2

S 07°19'51.6"
E 106°23'49.2"

3

S 07°19'40.8"
E 106°23'22.2"

4

S 07°19'30.0"
E 106°23'31.2"

5

S 07°19'22.8"
E 106°23'20.4"

6

S 07°19'19.2"
E 106°23'9.6"

This area is managed by the Pangumbahan Coastal Turtle Park Service Unit under the
authority of the Southern Region2. 2 Marine and Fisheries Service Branch. Administratively it
is located in the Pangumbahan Village area, Ciracap District, Sukabumi Regency, West Java
Province, with a land area of 127,443 hectares, a sea area of 2,553,962 hectares, and a coastline
of 2.7 km.

-50-

World Scientific News 154 (2021) 48-65

Figure 1. Research Location Map

2. 2. Data and Methods
The method used in this research is a survey method. The survey method is an
examination and direct measurement in situ of the research object, with direct observation and
measurement at each predetermined research station. The retrieval of data in this study includes
primary data and secondary data. Primary data measured include the width and slope of the
coast and tides, while the secondary data observed in this research is the data on the number of
Green Turtles (Chelonia mydas) that landed in the Pangumbahan Beach Area.
1.

Coastal slope data is measured using a water pass, elbows, roll meters, and 2-meter long
wood range. The beach slope was measured using the Pythagoras principle.
Measurements were made using a 5 m scale rope to measure the beach's width, a stick
of 1.5 m to get the height data, and water which passed to maintain the straightness of
the scale rope. The measurement projection started from the outermost vegetation to the
first part of the beach, which gets wet due to waves by projecting an extreme point
perpendicular to the coast [19].
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The slope of the coast can be determined by calculating the angle formed between the
horizontal and vertical lines. The measurement is repeated three times from the top
coastal boundary where there is vegetation until the beach limit is touched by water.
The formula obtains the beach slope:

tg α =
Information:

𝑎+𝑏+𝑐+𝑑

𝑎+𝑏+𝑐+𝑑

α = rectg(

1+2+3+4

1+2+3+4

)

a+b+c+d=D
1+2+3+4=H

Information:
α = beach slope angle (°)
H = total height of the coast (a + b + c + d)
D = total distance to the coast (1 + 2 + 3 + 4).
The beach slope angle was then identified based on [17]:
Table 2. Classification of Beach Slope Level.
Slope (°)

Characteristic

<1

Flat to Almost Flat

1–3

Gently Sloping

3–6

Sloping

6–9

Moderately Steep

9–25

Steep

25–65

Very Steep

>65

Extremely Steep

2. Coastal width data is also measured using a rolling meter, which measures the distance
between the last vegetation at the base of the coast and the coastline, which is still
exposed to seawater. The measurement was repeated three times. Beach width was
measured using a rolling meter by drawing a perpendicular line from the highest tide to
the outermost vegetation limit [20].
3. Tidal data were measured using tidal palms, water passes, elbows, and wood ranges
along 3 meters. Validation of observational data with predictive data were done to see
the relative error value, then processed by the least square method which produces
Formzahl numbers with the following conditions:
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F=

(AK 1 + AO 1)
(AM 2 + AS 2)

Information:
F
AK 1

Formzahl number or tidal constant
The amplitude of the tidal wave average diurnal types that are affected
by the declination of the moon and sun
Amplitude average diurnal tides are affected by the declination of the
sun
Amplitude average semi-diurnal tidal wave types that are affected by
the moon
Amplitude size semi-diurnal tidal wave that affected the sun.

AO 1
AM 2
AS 2

Table 3. Tidal Type Classification
F value

Tidal Type

≤ 0.25

Semi diurnal type

0.25-1.50

Mixed tide prevailing semi-diurnal

1.50-3.00

Mixed tide prevailing diurnal type

≥ 3.00

Diurnal type

The data analysis in this study used a comparative descriptive analysis. The function of
comparative descriptive analysis is to describe or provide an overview of this by comparing
data based on differences in months to obtain tidal conditions and their relationship with green
turtle (Chelonia mydas) nesting activity at each observation station post. Tide identification
data and turtle landing data of green turtle (Chelonia mydas) were analyzed comparatively and
corroborated by the linear regression method (Pearson method) [21].

3. RESULTS AND DISCUSSION
3. 1. Physical Parameters of Nesting Area
3. 1. 1. Beach Width
The width of the nesting beach for Green Turtles (Chelonia mydas) ranges from 30-80 m.
Therefore the width of the beach dramatically influences the turtles in choosing their nesting
location as their nesting site.
Station one is at the east end with a beach width of 50 m, and the west end of the broadest
beach is at station six of 98 m where the width of the beach is not in accordance with the
spawning of green turtles (Chelonia mydas), while the smallest beach width is at stations two
and three dominated by the width of the smallest beach with an average beach width of 28 m
and 30 m. It began to increase again at stations four and five with an average width of 58 m and
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72 m. The width of the beach correlates with the area that can be used for turtles to make nests
and nest [22].

Figure 2. Green Turtle Tracking Distribution Map

3. 1. 2. Beach Slope
The slope of the beach is one of the factors that affect the number of turtles that will go
up to the beach to make nests. This affects the ability of the turtles to reach suitable nesting
areas [22]. Pangumbahan Beach has uneven beach contours at each station or each post;
however, as a whole, it is still categorized as sloping. The overall average slope of the coast is
3.4°. Starting with the southern coastal area, station one has a characteristic gentle slope of 4.4°.
Then the station beach area has the highest contour with the others, namely station two with a
beach slope of 5.77° and station three having a characteristic beach slope of 2.11°. Besides the
station five and six which are located in the north have a characteristic change in the elevation
of the beach slope which is regular in this area. There are no wavy contour areas with the
average beach slope of the station's beach slope 1.54° and 1.77°, respectively.
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Green turtles were choosing station two as their most nest's location to seeing the
behaviour of turtles before nests their eggs, which tend to walk to avoid the bumpy up and down
coastal sections. The regularity of the beach surface contour, which is the access road to
vegetation, is likely to impact the turtle nests location [23] significantly (Table 4).
Table 4. The slope of the Pangumbahan Beach Area in 2020.
Slope (°)

Station

Category

Post 1

4.44

Sloping

Post 2

5.77

Sloping

Post 3

2.11

Gently Sloping

Post 4

4.57

Sloping

Post 5

1.54

Gently Sloping

Post 6

1.77

Gently Sloping

Range

1.77 – 5.77

Overall Average

3.4

<30° = Appropriate Beach Slope

Based on the results of measurements of the beach slope in the Pangumbahan Beach
District, Sukabumi regency, we noticed it has a suitable coastal slope at all stations because it
has a beach slope of less than 30°. Sea turtles will tend to avoid or even fail to lay their eggs if
the beach contour, which is the access to their nesting location, is hugely bumpy.
3. 1. 3. Tidal
Based on the calculation result, the mean value of Formzahl numbers in the Pangumbahan
Beach area is 0.55. Figure 3, it can be seen that the type of tide that occurs in the study area is
a mixed type of tide that tends to double daily (mixed, predominantly semi-diurnal tide) with a
value range of 0.25 <F <1.50. In this type, in one day, there are two times the tide and two times
the low tide with different heights and periods.
In this study, the field measurement data were compared to the processing results using
the least square method. The value of the Root Mean Square Error (RMSE) must be less than
equal to one where the closer to zero, the better the geometric correction [24]. The mean value
of Root Mean Square Error (RMSE) obtained from the results of data validation on the variation
in value input data (RMSE) is then averaged so that the mean Root Mean Square Error (RMSE)
value is 0.47 m (47 cm). From these results, it is known that the value of the Root Mean Square
Error (RMSE) resulting from the least square method is relatively small so that these results
can describe the situation in the field.
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COMPARISON OF OBSERVATION DATA & PREDICTION DATA
OF PANGUMBAHAN BEACH TIDE
SEA SURFACE ELEVATION (m)

Lat: -7,3283, Lon: 106,3859
1,5
1
0,5
0
-0,5
-1
-1,5

DATE/TIME (day)
PREDICTION

OBESERVATION

Figure 3. Comparison of observation data and Prediction data
on Pangumbahan Beach in July-September 2020

Tide data are useful for determining beach width and predicting turtle landing times. The
selection of the nesting site seems to be closely related to tides [25] so that the main factor in
determining the nesting location is to avoid the occurrence of turtle egg immersion by high tide
[26]. The highest tide during July 2020 at Pangumbahan Beach occurred at post one on July 6,
2020, at 01:00, namely 0.78 m. Meanwhile, the lowest low tide occurred on July 4, 2020, at
06:00, which is 0.59 m below sea level (Figure 4).
The highest tide during August 2020 at Pangumbahan Beach occurred at post two on
August 20, 2020, at 01:00, namely 0.73 m. Meanwhile, the lowest tide occurred on August 22,
2020, at 21:00, which is 0.56 m below sea level (Figure 4). The highest tide during September
2020 at Pangumbahan Beach occurred at post three on September 18, 2020, at 01:00, namely
0.65 m. Meanwhile, the lowest tide occurred on September 20, 2020, at 21:00, which is 0.70
m below sea level (Figure 4).
Tides have a close relationship with turtle nesting activities. Turtles save energy at night
by using the tide to reach a dry area (supratidal) to make a nest and lay eggs [27]. Besides that,
tides can affect the turtle in determining the nest's location. Turtles lay their eggs away from
tidal boundaries to avoid standing water in the nest during high tides [28].
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TIDAL PATTERN IN PANGUMBAHAN BEACH
Lat: -7,3283, Lon: 106,3859

SEA SURFACE ELEVATION (m)

1
0,8
0,6
0,4
0,2
0
-0,2
-0,4
-0,6
-0,8
-1

DATE/TIME (day)

Figure 4. Graph of tidal range at Pangumbahan Beach in July - September 2020 is measured
at Pangumbahan Beach Tidal Observation Station.

3. 1. 4. Total Turtle Landings
Table 5. Data on Green Turtle (Chelonia mydas) Conversion in 2020
in Pangumbahan Beach Area.

No.

Month

Number of
Landing Sea
Turtles
(Tail)

Number of
Parent Turtles
Nesting Eggs
(Tail)

Number of Mother Sea
Turtle Not Nesting
Eggs (Tail)

1

July

120

73

47

2

August

128

73

55

3

September

685

585

73

906

731

175

TOTAL
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Green Turtle (Chelonia mydas) Landing Data in the Pangumbahan Coastal Turtle Park
Service Unit, Southern Region Marine and Fisheries Service Branch, Sukabumi Regency, West
Java is given in Table 5. In 2020, with a vulnerable period of three months (July, August and
September) there were 906 turtles with 731 turtles nesting-eggs and 175 turtles that land but
did not nest eggs.
The entire area along the coast generally has almost the same characteristics. However,
the area located in the middle of the area (station one, two and three) is a favourite area for
turtles to lay their eggs. The area in the north, namely stations six, five and most of the stations
four are the areas least favoured by turtles, with the largest number of turtle arrivals at
Pangumbahan beach being at station two (Fig. 5)

GREEN TURTLE LANDING AT EACH STATION/ POST
JULY - SEPTEMBER 2020
147

TURTLE LANDING (tail)

150

145

130
117
110

102
87

90
70

60
49 49

50
30

32 29

28
17

15

12
6

10
-10

POST 1

POST 2

POST 3

POST 4

7

POST 5

1

3

POST 6

STATION/POST
JULY

AUGUST

SEPTEMBER

Figure 5. Graph of Green Turtle Landing at Each Station in Pangumbahan Beach District,
Sukabumi Regency (July, August and September 2020).

Turtles lay eggs usually in intertidal areas, to avoid the nest from sinking from the tides.
Intertidal widths on all beaches on the island are included in the beach width category favoured
by the hawksbill, which are narrow beaches less than 20 m [29]. The landing of green turtles in
July and August does not look much different from the range of 32 and 29 individuals at Post
one but increased drastically by 147 in September, Post two between July and August. The
landings were the same, respectively. With as many as 49 heads then increased drastically as
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many as 145 heads in September. Then at Post three to Post-six in July and August, it continued
to decline with landings of only 1-17 tails, then increased drastically in September with a
vulnerability of 60-117 tails.

Figure 6. Map of the Nesting Distribution

It can be seen in Figure 6, the map of the distribution of green turtle landing shows that
at each station/ post there is a picture of a turtle which represents where everyone green turtle
parent equals 26 green turtle parents that landed. Several factors that affect turtle landings are
the physical and biological characteristics of the beach, which include beach width, beach slope,
sand percentage, sand temperature, light intensity, food availability, and beach vegetation [30].
The green turtles that come to Pangumbahan beach are the young green turtles that nest eggs
and hatch in the same area. A large number of green turtles in this area is due to the turtle
species having the habit and behaviour to always return to the location where they were born.
This can be explained by the statement [31], which states that there is strong evidence to suggest
that the turtle will return to the area where it was born to lay eggs there.
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However, of course, turtles as living creatures have habitat requirements that must be met.
If their habitat conditions have changed and are not following the eligibility requirements for
their survival, the green turtles will look for new nesting areas.
GRE E N T URT L E L ANDING CO MPARIS O N
(E GG NE S T ING AND NO T NE S T ING E GGS )
NESTING

NOT NESTING

64

9

16

28

36

47

39

55

84

100

103

124

131

160

169

196

208

243

LANDING

POST 1

POST 2

POST 3

POST 4

POST 5

POST 6

Figure 7. Graph Comparison of Distribution (Nesting Eggs and Not Nesting Eggs)
Green Turtles (Chelonia mydas) Pangumbahan Beach District, Sukabumi Regency
(July, August and September).

Post one has a total of 208 landings with 169 turtles nesting eggs and 39 non-nesting
turtles. Post two has 243 landings with 196 turtles laying eggs and 47 non-nesting turtles, Post
three total landings 160 with turtles 124 nesting eggs and 36 not nesting eggs. Post four has a
total landing of 131 with 103 turtles nesting eggs and 28 non-nesting turtles. Post five total
landings are 100 with 84 turtles nesting eggs and 16 non-nesting turtles, Post six has 64 total
landings with 55 turtles nesting eggs and nine non-nesting turtles (Fig. 7).

3. 2. The Effect of Tides on Green Turtle Laying Activity (Chelonia mydas) in
Pangumbahan Beach Area
There is no influence between the high tide time and the emergence time of green turtles
at Pangumbahan Beach. There is no significant advantage if they arise at high tide than at low
tide, namely the increase in the nesting distance faced by green turtles on Pangumbahan Beach
at low tide does not prevent them from appearing to the surface.
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There is no correlation between the time of appearance and the time of high tide. The tidal
pattern of Pangumbahan Beach has a mixed tide prevailing semi-diurnal, wherein one day there
are two times the high tide and two low tides that occur during the day and at night but the
altitude is different. Nesting activity typically occurs at night as sea turtles are susceptible to
disturbance from light and potential predators. Night nesting also helps turtles avoid
dehydration from the long, arduous crawl from the water to the beach and back again [32].
However, green turtles prefer to appear at night. It can be seen that the value of R² = 0.0011
is far from close to one, which means that there is no significant relationship in July when the
tide is in correlation with the green turtle (Chelonia mydas) egg-nesting activity, which is
0.111% (Figs. 8 & 9).
35

TURTLE LANDING (tail)

30

25

20

15

y = -1,3187x + 9,7543
R² = 0,0011

10

5

0
0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

SEA SURFACE ELEVATION (m)

Figure 8. Graph of Analysis of the Effect of High Tides on Green Turtle (Chelonia mydas)
Egg Nesting Activity in Pangumbahan Beach Area, in July-September 2020
The value of R² = 0.0409 is far from close to one, which means that there is no
significant relationship in July when conditions recede, the correlation with green turtle
(Chelonia mydas) egg-nesting activity is only 4.09%.
Green turtle (Chelonia mydas) landing time and nest formation do not correlate with rising
tides. The highest frequency of Green Turtle (Chelonia mydas) nesting activity occurred
between 22:00 and 02:00 [33]. Apart from the width and slope of the beach, other factors are
more significant to influence the green turtle (Chelonia mydas) nesting activity including
extreme weather events [34], rising water table levels by protracted precipitation [35], rising
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sea levels [36], may also be affecting sea turtle populations. Seasonal disturbances are among
the most common and destructive [37] and can be particularly devastating for populations
because they often coincide with the reproductive seasons [38-42].

30

TURTLE LANDING (tail)

25

20

15
y = -16,129x + 7,4162
R² = 0,0409
10

5

0
-0,5

-0,45

-0,4

-0,35

-0,3

-0,25

-0,2

-0,15

-0,1

-0,05

0

SEA SURFACE ELEVATION (m)

Figure 9. Graph of Analysis of Low Tides on Green Turtle (Chelonia mydas)
Nesting Activity in Pangumbahan Beach Area, in July-September 2020.

4. CONCLUSION
Based on the results and discussion, it can be concluded that the landing time for green
turtles (Chelonia mydas) and nesting does not correlate with high tide or low tide. This was
supported by the statistical analysis results, which showed that the average effect of tides on
green turtle (Chelonia mydas) egg-nesting activity was 0.111%. In comparison, the tidal effect
on green turtle (Chelonia mydas) egg-nesting activity was 4.09%. Both values are classified as
low correlation values.
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