Aceb Int. ]. Sci. Technol., 9(3): 111-119
Decentber 2020
doi: 10.13170/ agjst.9.3.16193

Aceh International Journal of Science and Technology
ISSN: p-2088-9860; e-2503-2398

Journal homepage: hup: [ Sjumalunsviah.aeid Saijse

Characteristics of Sediment at Littoral Zone of Anoi Itam Beach (Eastern
Weh Island, Indonesia) Based on Seasonal Changes

Syahrul Purnawan"?, Sofyatuddin Karina', Rizka V. Ayudia', Yopi Ilhamsyah', Ichsan
Setiawan'
11 Department of Marine Sciences, Faculty of Marine and Fishery, Syiah Kuala University, Banda Aceh, Indonesia
2Marine Acoustic Laboratory, Faculty of Marine and Fishery, Syiah Kuala University, Banda Aceh, Indonesia
*Corresponding authot: syahrulpurnawan@unsyiah.ac.id

Received : March 17, 2020
Accepted : December 27, 2020
Online : December 30, 2020

Abstract — Anoi Itam Beach (AIB), located in the eastern part of Weh Island, has the sediment characteristic
of dark-sand color. Climatologically, the beach is influenced by two seasons, i.e., south-west (SW) monsoon
and northeast (NE) monsoon. Sediment data are collected in the upper and lower littoral zones that are
divided into six stations alongshore. Data were collected on October 2016 and April 2017, representing post-
SW monsoon and post-NE monsoon events. To examine the effect of seasonal, sediments statistics, e.g,,
mean, sorting, skewness, and kurtosis, have been calculated. AIB was characterized as well sorted to pootly
sorted sediment. Sediments were identified as mesokurtic in October, varied to leptokurtic and platikurtic in
upper littoral and lower littoral, respectively, in April. Grain size in both upper and lower littoral had increased
from October to April. The impact on sediment sortation was minor due to the seasonal difference.
Sediments in the upper littoral vary slightly skewed than lower littoral, which response to a more positively
skewed during seasonal change from SW-monsoon to NE monsoon. The results suggested that lower littoral
provide high variability of sediment characteristics depend on the season.
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Introduction

Anoi Itam Beach (AIB) is located on the western coast of Weh Island and administratively located at
Gampong Anoi Itam, Sabang City, Aceh Province. Anoi Itam in the local language means black sand due to
dark-colored sediment. The dark color of the coastal sediments is derived from the mineral content of iron
found in the sediment, allegedly resulting from volcanic activity in the ancient era (Dwipa et al., 2006;
Ueshima et al., 2013).

Weh Island, located at the northern part of the Sumatra Island, is highly influenced by monsoonal of the
Indian Ocean, i.e., the south-west monsoon (SW) from June through September and the northeast monsoon
(NE) from December through February (Rizal et al., 2012; Setiawan et al., 2018). The Indian Ocean's
monsoonal is generated by specific wind conditions along the season (Hellerman and Rosenstein, 1983). The
condition of formed wind stress resulting in the wind flows westward during March and eastward during
September (Shankar et al., 2002). In monsoon, the current is closely related to wind movement, produces
summer monsoon current flows eastward, and winter monsoon current flows westward (Schott and
McCreary, 2001; Schott et al., 2009). Shankar (Shankar et al., 2002) added that the monsoon pattern analysis
requires adequate data input, wherein the eastern boundary of the Bay of Bengal (Weh Island located adjacent
to the Indian Ocean), the data was insufficient. High-resolution data was provided by Diansky et al. (2006),
showed the monsoonal conditions of curtents around the northern waters of Sumatra Island, which moved
from the southeast in January, while the current turned toward the Southwest from the Andaman Sea in July.

The sediment classification processes in an aquatic environment play an essential role in providing
information on sediment's origin and transport (Armstrong-Altrin et al., 2014; D’Haen et al., 2012). A
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specific sediment distribution pattern results from various energy available in the aquatic environment related
to climatology (Sajeev et al., 1996). The distribution and uniformity of sediment size can be used as an
indicator of sediment transport behavior in aquatic environments (Abdulkarim et al., 2011; Purnawan et al.,
2018; Purnawan et al., 2015; Verney et al., 2013; Vijayakumar et al., 2011). Various oceanographic parameters,
e.g., waves, currents, tides, streams, and wind, may affect lifting and sinking the sediment (Delpey et al., 2014;
Vousdoukas et al., 2009).

The intertidal region was subjected to be an appropriate area to observe sediment changes over a period
(Stauble, 2005). Furthermore, a different season is poised to affect the various environmental parameters,
leading to the difference in environmental conditions of sediment on the beach (Charkin et al., 2011; Curtiss
et al., 2009; Scott et al., 2011; Staub et al., 2000). The response to seasonal changes can also be seen from
coastal morphology changes (Joevivek and Chandrasekar, 2014). Recently Purnawan et al. (2018) noted
differences in beach slope concerning different seasons on Anoi Itam. On a seasonal basis, Samsuddin (1989)
clarified changes in the texture of coastal sediments, particularly to the sediment mean size at the littoral
zone, gave a response to wave energy variation. On the other hand, intertidal areas have been influenced by
tides, although no significant sediment movements are produced by tidal currents (Curtiss et al., 2009). Yet
it is difficult, several details become crucial to be performed, e.g., sediment grain sizes, nearshore bathymetry,
wave transformation, and alongshore sediment transport, to understanding change patterns of coastal at the
local scale (Limber et al., 2017; Utizi et al., 2010).

The research on the distribution of sediments associated with seasonal changes in Indonesia is still rare.
Thus it is seemingly no data were recorded. This research aims to examine the distribution of sediment grain
size at Anoi Itam and the effect of seasonal changes on sediment statistics parameters.

Materials and Methods

The data were collected at AIB in October 2016 and April 2017, representing post-SW monsoon and
post-NE monsoon. Both times were selected to examine each prevailing season's effects on sediment
condition on Weh Island's littoral zone. A total of 6 sampling stations (200 m in the distance) were selected
to investigate the study's location at each season (Figute 1).
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Figurel. Sampling Sites at AIB, located in Weh Island, Aceh Province.

Samples were collected vertically using a diameter of 2.5 inches PVC pipes based on the standard of the
American Society for Testing and Materials D4823-95 (ASTM, 2014). This littoral zone has been selected as
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this zone experiences a significant impact on oceanographic conditions changes (Stauble, 2005). To provide
more adequate descriptions of seasonal responses, the littoral zone was divided into two sections, i.e., lower
and upper littoral. The data collected in the upper and lower littoral zones was done during high and low-
tide, respectively.

The separation was done using a wet sieve method which consists of: -1¢; Owp; 1¢; 2; 3¢; 4; 5¢; and pan.
Value of ¢ is determined by ¢ = —log,d, where d is the diameter of the sediment in mm. Folk’s triangle
diagram was used to determine the sediment type, based on the composition of mud, sand, and gravel in
each sample. The calculation and classification of the mean grain size (Mz), sorting (8), skewness (SK), and
kurtosis (K) parameters follow the formula of Folk and Ward, and done using computing software Gradistat
V8 (Blott and Pye, 2001).

Results
Sediment Distribution

The sediment samples' composition consists of sand and gravel, though muds were found in tiny
amounts (<1%). Predominantly the type of AIB sediment produced from sand and gravel mixture, e.g.,
sandy gravel, gravelly sand, slightly gravelly sand, and sand (Table 1 and Table 2). Textures of sediments are
somewhat increased in April as the enhancement of coarser coarser-grained changes are found in 1¢ for
upper littoral and -1¢ for lower littoral.

Table 1. Sediment weight percentage at upper littoral

St -1y 0¢ 1¢ 2¢ 3 4 5¢ Type
October

1 9.30 1351 4211 2923 334 253 0.00 Gravelly Sand

2 0.00 008 1245 51.03 3517 1.08  0.19 Sand

3 032 074  40.02 44.40 1348 089  0.15 Slightly Gravelly Sand
4 0.39 1.60 022 8217 1546  0.15  0.00 Slightly Gravelly Sand
5 0.88 097 2772 66,70  3.48 0.25  0.00 Slightly Gravelly Sand
6 3.71 0.41 573 5218 3748 047  0.02 Slightly Gravelly Sand

avg 243 289 2137 5428 1807 0.90  0.06
April

1 0.07 0.42 18.78  44.09 31.79 439 0.45 Slightly Gravelly Sand
2 0.18 2.71 41.89 4942 437 1.19 0.24 Slightly Gravelly Sand
3 5.89 12.63 5645 22061 1.80 0.52 0.10 Gravelly Sand

4 0.32 1.54 3413 61.06 2.45 0.44 0.07 Slightly Gravelly Sand
5 0.00 0.27 30.31 6450 475 0.13 0.04 Sand

6 5.78 0.19 8.01 62.89 2291 0.19 0.03 Gravelly Sand

avg 2.04 296 3159 5076 1135 1.14 0.15

Bulk quantity of gravel at lower littoral in a particular manner was found significantly, thus contrasting
to upper littoral. Most of the sediment at the upper littoral zone have a mode on the medium sand fraction
(2¢), while in the lower littoral zone, the mode on sediment samples are varied at specific fractions (-1, 1,
2, and 3¢). Also, the number of gravel (-1¢) mode at lower littoral was increased in April.
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Table 2. Sediment weight percentage at lower littoral

St 1o 0 1p 20 30 4o 5¢ Type
October

1 2.38 1.00 313 4932 3917 486  0.14 Slightly Gravelly Sand
2 26.51  9.64 512 2029 3581 201 0.03 Gravelly Sand

3 28.72 1191 2846 20.10  6.11 429 040 Gravelly Sand

4 5.42 2.89 553 67.88 17.80 034  0.13 Gravelly Sand

5 2090 1353 48.60 1521  1.17 0.56  0.04 Gravelly Sand

6 5147 3748 1058  0.33 0.14  0.00  0.00 Sandy Gravel

avg 2257 1274 1690 2886 1670  2.11 0.12
April

1 4.12 1.45 528  42.87 3872 703  0.53 Slightly Gravelly Sand
2 4124 1298 1996 1345 1089 132  0.16 Sandy Gravel

3 28.84 13778  35.08 19.60  2.57 0.13  0.00 Gravelly Sand

4 46.62 623 2672 1935 098  0.07  0.03 Sandy Gravel

5 2.04 455 25065 5471 1220 0.83  0.02 Slightly Gravelly Sand
6 7437 045 2257 240 0.15 0.06  0.00 Sandy Gravel

avg 3287 657 2254 2540 10.92 1.57 0.12

Note: values marked with bold are the mode of grain size distribution in each sediment sample.

Statistical analysis

Statistical analysis of the sediment grain size distribution in Anoi Itam was performed on mean, sorting,
skewness, and kurtosis. Mz's average value is lower in April compared to October, both in the upper littoral
and lower littoral regions, which is interpreted as an increase of sediment grain size following season (Figure
2). Different mean grain size (Mz) values were recorded at upper littoral, the merely small number following
different seasons. Sufficient change of mean grain size (Mz) value occurred at lower littoral concerning a
different season.

The sediment sorting values ranged from 0.46 to 1.72, which classified as well-sorted categories to poorly-
sorted. Sediment in the upper littoral zone has a better-sorted condition than the lower littoral. Thus only
one station is categorized as pootly sorted in the upper littoral zone. The sorting parameters of sediment
recorded a less significant difference between October and April (Figure 3). Upper littoral has an average
sorting value of 0.75 and 0.76 during October and April, respectively. The average sorting values were
increasing at lower littoral, which obtained 1.12 for October and 1.15 for April. Sorting parameter values can
be seen in Figure 3.
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Figure 2. Result of measuring mean grain size: (a) upper littoral; (b) lower littoral
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Figure 3. The result of measurement of sorting values: (a) upper littoral; (b) lower littoral.

The obtained values ranged from -0.39 to 0.58 for the skewness parameter in the AIB. Thus sediments
are categorized as very coarse skewed to very fine skewed (Figure 4). Symmetrical and coarse skewed
sediments are found in common from the upper littoral. Analogs to varying conditions in lower littoral, from
very fine skewed to very coarse skewed, season differences give a significant change of average skewness
value. Anoi Itam Sediment in October was identified as mesokurtic, with an average of 1.02 (upper littoral)
and 1.04 (lower littoral). These conditions were changed during April; whereas the upper littoral tends to be
leptokurtic, sediment in the lower littoral showed a platykurtic (Figure 5).

0.6 06
upper littoral

lower littoral

0.4 0.4

M October M October

0.0

Skewness
Skewness
o
°

2 3 = April 6 wapril
02 02
-0.4 -0.4
06 06
Station Station
(a) (b)
Figure 4. The result of skewness value measurement: (a) upper littoral; (b) lower littoral.
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Figure 5. Kurtosis values measurement results: (a) upper littoral; (b) lower littoral.

Discussion

The mean grain size was initially recorded responding to seasonal changes since the particle size is
strongly correlated to various factors in the oceans (Dora et al., 2011; Ohta, 2008; Purnawan et al., 2016;
Purnawan et al., 2015; Wachecka-Kotkowska and Kotkowski, 2011). Changes in slopes, beach hydraulic
conductivity, estuaries runoff, swash processes can also lead to changes and variations in sediment grain
composition in coastal areas (Kulkarni et al., 2004; Reis and Gama, 2010). Sediment samples in April provide
a more coarse grain (0.77¢ on average) compared to October (0.99¢ on average), which induced as coarse-
grained sediments in April was formed by high-energy oceans activity (Poate et al., 2013). Located in the
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eastern part of Weh Island, AIB is directly opposite to the wind moving from the east with higher intensity,
especially during NE monsoon. Rizal et al. (2010; 2012), using advanced numerical modeling, elucidates the
current movement NE monsoon produced a higher intensity from the Andaman Sea and the Malacca Strait
towards the west through Weh Island. While during the SW Monsoon, the Andaman Sea's water masses
moved in a wide circulation closer to Malaya Peninsula and met the Malacca Strait current. Thus generate a
recirculating regime before it enters the Indian Ocean through the northern Sumatera Island.

In general, the sediment composition of Anoi Itam was dominated by sand content, where several
numbers of gravel fractions were found in the lower littoral. The occurrence of gravel in a higher portion
led to distinguish sediment type, which led to a change in the mean grain size. Sediment size is coarser in the
lower littoral zone compared to the upper littoral. A higher percentage of gravel fractions in the lower littoral
zone might result from the high energy level works (Poate et al., 2013). The lower littoral zone, mostly
covered by seawater, has gained influence from the ocean in swash, waves, and currents, lifting up fine fine-
grained sediment and moving to another environment with lower energy levels, which allow for precipitation.

The lower littoral zone seemingly more significant changes of mean grain-size value due to seasonal
differences, compared with the upper littoral that has less changed. It can be argued that the influence of
the season has a significant impact on the lower littoral zone, as has already been mentioned eatlier, that the
lower littoral region has more consistent contact with the sea than the upper littoral region (Austin and
Buscombe, 2008). The shallow seawater coverage on the intertidal zones would allow the ocean's energy to
penetrate deeper into the sediment bed. This energy becomes lower as it reaches the enclosed area above the
mean sea level (Wood and Widdows, 2002).

Beach morphology can partially re-construct wildly wave activity during any event, which can result in
beach erosion (Coco et al., 2014; Senechal et al., 2015). On the other hand, the beach step also plays an
essential role in controlling the swash dynamic (Larson and Sunamura, 1993), where the upper beach gains
less action (Buscombe and Masselink, 2006). Purnawan et al. ( 2018) recently noted beach slopes in AIB
were increased in April, as well sediment size increased. Later on, the slope change can be the impetus
resulting in coarser grains (Austin and Buscombe, 2008).

In particular, sediment conditions' changes generate a specific condition between October and April on
kurtosis parameters. The upper littoral region experienced a condition change from mesokurtic to
leptokurtic; meanwhile, the lower littoral changed to platikurtic. Seasonal changes produce a shift in sediment
composition at each fraction, notably the composition of coarse sand (l¢g) in the upper littoral was found
increased from October to April. Further, it turns the sediment into leptokurtic. The lower littoral region
also has an improved coarser sediment composition in April, specifically gravel (-1¢), resulting in platykurtic.
The composition shift was reinforcing the notion of an increase in energy in April. Lower littoral was
receiving a significant impact by the NE monsoon regime, characterized by increasing gravel (-1¢) in April.
The upper littoral zone was not receiving such a considerable impact, with respect to the upper position at
which the swash mechanism provided a minor role. In this case, the increase in energy was limited to coarse-
sand (1) grain.

Samsuddin (1989) noted that no significant change of skewness in Northern Kerala sediment to seasonal
variation, while on AIB sediment skewness was affected by seasonal change. There are differences in
conditions between the upper littoral and lower littoral regions, as seen in the average value (Table 2). The
upper littoral has a more negative skew in April, although categorized as symmetrical as October. The
sediment distribution mode in the upper littoral is dominantly found in medium sand fraction (2¢), and there
is no significant change as the season's change. On the other hand, the lower littoral zone shifts into a more
positively skewed; it averaged -0.10 in October to 0.11 in April. Increased gravel fraction in April also
generates skewness value to be more positive (fine skewed).

Each season provides relatively similar sorting values: the upper littoral is categorized as moderately
sorted, with an average value of 0.75 for October and 0.76 for April; whereas in the lower littoral zone, both
seasons has pootly sorted categories, with average values of 1.12 and 1.15 for the west and east seasons,
respectively. The different categories obtained from the upper and lower littoral zone may be related to the
energy variations on both zones due to the higher variability of ocean dynamics produced in the foreshore.

Conclusions

The sand fraction is the main constituent of sediments on the Anoi Itam Beach, with gravel in a decent
portion found in some locations, especially in the lower littoral. The seasonal difference resulted in grain size
changes, skewness, and kurtosis, whereas no significant change in sediment sortation. Changes in sediment
conditions due to season are prevalent in the lower littoral region.
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