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ABSTRACT

Erosion is an alarming issue that affects the livelihood of coastal communities and the natural
habitat. The permanent loss of land can alter the suitability of an environment for a species to
thrive. This study aims to illustrate the effect of extreme conditions induced by Typhoon Rai,
that occurred on the 11 to 21 December 2021, along the Cherok Paloh estuaries which is also
a known breeding habitat for the Horseshoe Crab (Tachypleus gigas). Both XBeach and Delft
3D were implemented in this study as to simulate the impacts and extreme conditions induced
by Typhoon Rai. XBeach, a coastal response model developed to simulate the nearshore and
coastal processes as a 2-HD open-source process, which includes shore wave propagation,
sediment transport, flow and bathymetry changes. The event is tested using the 1D model, and
the sensitivity analysis is done using the error indicator of Brier Skill Score (BSS). The
sensitivity was tested using various morphological parameters of facua, wetslp and dryslp,
which then has been compared with the final beach profile to calculate the BSS. This in turn,
is replicated to the other 1D profile of Cherok Paloh Beach. When the default values of said
parameters were used, the simulation indicated an overestimation in erosion volume. As per
the result obtained from the BSS, the best model was obtained by changing the calibration
parameters of facua and wetslp.

Keywords: Delft 3D, XBeach, Typhoon Rai, Numerical Model, Storm Surge
Themes: Climate Change and Impacts to Biodiversity

Preferred presentation type: Oral presentation
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Enabling Delta Life

: 2

XBeach (extreme Beach) is a two-dimensional horizontal (2DH)
process-based model developed by Prof. Dano Roelvink.

DELTARES . TU DELFT . UNIVERSITY OF MIAMI

wave propagation, long waves and mean flow, sediment transport and
morphological changes of the nearshore areaq, beaches, dunes and
backbarrier during storms
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INTRODUCTION
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e Storm surgeis an
abnormal rise of water
generated by a storm,
over and above the
predicted astronomical
tide.

e Storm surge is caused
primarily by the strong

winds in a hurricane or
tropical storm.

e Coastal erosion is recognized
as the permanent loss of land
and habitats along the
shoreline, resulting in the
transformation of coast
features.

e |tis defined as the physical
weathering of surface
materials by currents, wave
actions, and tidal current.

MALAYSIA

e The coastal shoreline is the point
of interaction between land and
sea,

e The changes are basically a
response to various factors
morphological, climatological, or
geological.

e Divided into 3 parts, 5 km from
MHWS, Intertidal zone and 3
Nautical miles from MLWS.



PROBLEM STATEMENT

Cherating

Pahang beach's condition during the
preliminary survey on 25 April 2021

MALAYSIA

About 16.33% of Pahang

Beach eroded from
2 Areas with a lengt
km fall into Cat 1 (C

378.4 km.
nof 1.5

ritical)

14 Areas with lengths of 16.9
km at Cat 2 (significant)

58 areas with a tota
km in Cat 3 (Not Se

0of43.4

rlous)

A total of 61.8 km of erosion

note: NCES report, 2015
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Category 1 (Critical) Category 2 (Significant) Category 3 (Acceptable)

e Shoreline retreat ( rate > 4 m/yr) e Shoreline retreat (rate >1 <4 m/yr) e Shorelineretreat (rate <1 m/yr)

e High population density e Low population density e Non populated area

e Have commercial/industrial activity e Have low agricultural activities e Have minimal agricultural activities

e Have public facilities or infrastructure e Have low public facilities or infrastructure e Have no public facilities or infrastructure

Beach Erosion Category

note: NCES report, 2015
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Feeding ecology and food preferences of Cherok Paloh, Pahang
horseshoe crab, Tachypleus gigas

Mohd Razali Md Razak *, Zaleha Kassim *, Asnor Azrin Sabuti *, Ahmad Ismail

° Kulipyah of Scignce, infemational fslamic Univorely Maloyiia, Jalan Suffar Ahmad Shah, Bandar ingdera Mahkofe, 25000 Kuandan, Pahang.
sl

¥ Dwpartmand of Biology, Facully of Sciance, Universiti Putra Malwpsia, 43400 Serdang, Sedengor, Malysia
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Aurtiche history Abstract
Rscarasd 20 Apnil 2017
Accopled 10 August 2017 Inlerdive pravioud dludiet on hotbiihos crabd Beading ecology wene moslly hstus on Limolug
podyphamus. Thasr food prefarenc mighd ba diffarent depand on the svadabisy and abundance of
= fppds in the particular environmend. This paper aims o investigale the feeding ecology and food

predorences of Cherok Paloh, Pahang Tachyplous gigas. Ten samples ol male and female
horsadhon crabs, Tachypleus gigas ware Wapped in fahig nel during the incoming high Bee and 20
samples of male and femaly were hand-harsesied al the spawning beach: 10 samples during pee-
mating and 10 samples during post-mating. Thadr gul conlort was analysed by the Electivity Index
Risulls shawed that Tachyplous pigas coming to apdan with full gut contenl. Echinadorm sorved as
& main food compostion in the gul of males (50%) and femabes (51.94%) during the open sea
migration phase. Thi Man COMPOSEON wWis SUDSUIN By MaCrophyte (Males: 59.51% 10 65.15%;
femalies: 36 35% 1o 50.10%) as they arived o shore. Bassd on Electivity indes, male crabs showed
posive praference loward polychaste (E1: 0U04) ard macrophyte (EL 0019) at the spawning ste
wihile, o Tomales showed positive profennce iowand bivabve (EL 0.46). Further study on Teeding
ecoiogy is nooded in order to imgeove the population of Tachypleus giges in Malaysia

Comparison of horseshoe crabs ( Tachypleus

gigas) morphometry between different
Keywords: Tachyplevs giges, electivity indéx, food compodition, gastro-somabic indes, spawning

Fignation phass populations using allometric analysis
Mohd R. M. Razak, Zaleha Kaszim

e Estimated about 862 Ha of
Mangrove forest.

& 2017 Ponerbit UTM Press. All ights reserved

Kulliyyah of Scesnce, Dvtennati onal Tslamic University Malaysia, Jalanm Sultan Ahmad Shah,
Bandar Indera Mahkota, Kuantan, Pahang,. Malaysia. Corresponding authr: M. R ML
Razak, razalirazakS37SEgmai com

INTRODUCTION coasysiem are vital as associate o connect the energy transfer within
coastal food web (Berkeson, 2009

and aquaculture.

horseshoe crab.

High importance for fisheries

As a bird sanctuary area.
One of the habitat for

Horseshoe crabs are miystenous chelicorate thal extant since 30
milleon vears ago and has virtually unchasged for the past 130 millson
wears (Rudkin and Young, 20090, The capabilsty to sdagt with the
vanous environment changes has kaadod tham fo remain in the manne
ceosystem for million years. There are oaly four extant species left
and inhabsied the realm sympatrically (Tam er af,, 2009, Behera o al.,
H3p Arlantic spocies, Linindus pelyphemus distribation is limited in
the Atlantic region 10 Delaware (Botton, 1984; Mondstrom o el
s Haramis e ol , 23007 Jackson e al, 2007, Niles e al, 2013),
Gull of Mexico (Saunders ef al, 1986, Rorihan and lsmail, 2002;
Beckey i, 200%; Vasquez of @, 2015) and Florida {Ehlinger and
Tamkersley, WM, Hrockmann and Joheson, N 1L Measwhile, the
Asian species, Tachyploas gipas mainly inkabited to China (Hu o al.,
2009}, Japan {lwacka ard Okayama, 2008, Malaysia {Zaleha er af,
2010, 0| 2), Theiland, Singapore, Bomeo, Indonesia (Tan & al.
2009y, and noothern Victnam besides Sundsrbans region (Khan,
HHRL According to Manea o al, (2006), Borscshas crabs could be
found in estuaries and susf-protested beach duning mon-nsonsoon
{spawning season). Watzom and Chabad {2000) shsdy found that they
would remain at the deep sea arca passively by busrowing under tbe
saml duning monsoon (non-spawming season), Nowsdsys, horseshoe
erabs were emerged as an imporntant resoures for e medscal purposes
(Nagvi ef o, 2004; B, A, Fisher and I, L, Fisher, 20046; Gerhart,
20TL In term of ccobogy. the present of the horseshoe crabs in the

158

As the ommivorous besthie feeder (Cammchael ef al, 20041, prey
selecison have been idemtified as horseshoe crab’s behaviowr dunng
foraging activity (Botton, |984a; Chatterji ot al. 1992), Their feed
scleciron & dend to tbe benthie community namely; bivalve,
polychacie, crastacesn, gastropods, amd macrophiyies (Boiton er al.,
200%), Walls er ol (2002) sady bave slentified several bemthic
species inside the gut of the Atlastic borseshos crabs such as
malbasks inchsding mzor <lam. macoma clam (Macome spp.), blue
massel | Myl echulis) and worms such as polychacte and nemerean
However, imensive previous studees on feeding ocology of horseshoe
crabs were mostly Tocus on Limluy poliphemes, Study on feeding
ecology ol the Asnan harseshoe crab, Tachypleus giges by Chatteni &
al. (1992) alomg the Balramgani beach at the Bay of Bengal found that

molluges species was the major food composiion m the gul of

Tachyplens gigas, However, this food preference might be depend on
the availshility amd sbundance of the feed i the particular
enveronmeal. Botlon (1984) and John e @l (2002) studics have
supparted this assumpiion where, the differences on food selection of
horseshoe crabs were depended om the availabality of the feed between
seasoes and gealogical arcas.

As the populstion of the Tachypleus gigas species that destnbuted
between Indian Occan amd South Chima Sca scparatiod by the
Malaysian Peninsalar bamier. the I:'Ndin; “?\"-‘l"i,-'-?' also m'.slu: he
dilferenl. The differemces im feeding ccology led Botton (19%4) and

OPEN a ACCESS Freely available online

Absftract. Studes on horsahos crabs morphometrcs fourd that they have mantansd their
desoendent lesbures from te Lets Ordovician Period o present dey. [0 the pressnt sidy, s spplisd
the sllomstrc study io seslusis the cormlstion of body gowth in thres populations of the Asisn
oab [ fram Bakk [(Pekang]. Cherok Falah (Fehang] snd
Marima [Melsks). FMalress, cosatsl srsas. The sme of thin ohusy e ic sxamirs the logarthmic
gromth of horsmhcs craba betwsen thres populstiaons by snalyring tha wanabion of ther body weight
(BN ), corspece length (01], cermpacs width [OW] and tslson length (TEL) to determine their growth
and maturity. Thair booly parsmstsrs wars analyzsd by the slomsinic mathedl Thars ars ra significant
differsrces betwessn malss ssight in sl populations [po3.05]. Howsver, femalss from Farimea s
wrallest (BW: SLO 71883 g; CL: FL.121.1 om ON: 19.830.8 on] smong the thres populstions;
Balck [BW- 2E51121T g 0= FLEL1D om; C- 2133100 om] snd Therok Paloh (BW:
AW A+12E T g; OL: F54£0.5 o ON: 15,1118 cm). Falss snd femslss of T. giger in Merimas ool
b canniflisd sx lam matursd smong Balck and Cherck Palch, sirce the noemant of CLICW sare
highar than their BW. Porther study on T. piges sllcmetry aiong Melsysisn cosctsl sres i resded o
urdentsnd the veriston gowth betwssn populstiors. The study could be an aleming condiion o &
particulsr T. piges populston.
Kay Words: body weight, cermpacs length, tehon ength, meturity, bgerithmic growth

Intraduction. Horseshoe orabs are exished sinoe 300 millien years ago and known as a
iving fossdl according to s andent morpholegical appearance (Mobd Razal & Zaleha
2017). Studies on their morphometric found that they hawe maintained thesr desoendent
features from the Late Ordovician Period to present day (Rudkin &t al 2008; Rudkin &
¥oung 2009). The concept of abometry was first explsined by Husley & Tessier (1936).
Allometry methad is an effickent way to shedy the waraton and changes in organisms
form, size and shape [Webster 2007; Hussain ot al Z009; Srijaya &t al 2000) and
st the relationship between differences in one body parameber to the ofher within
SAME Speckes. The allometric relationship study 1S used to assess the comelation growth
of various body parameters (Chaterd et a 1988; Christopher 1598; Vijayakumar ot al
2000).

Thi variation of horseshos orabs MorphoMetric Charaoten SHOE biwain PO latiom
and genus has besn neported proviowsly by many researchesrs [Chatterd  1994;
Vijayakumar et al 2000; Hussin et d 2009; Srijaya et al 2010; Hohamad et al 2016;
Woor Jawahir ot al 2007). Chatterdi et al ( 1988] stated that, understanding the cmelation
of the allometric relationship in horseshoe oab s Impodant o wnderstand e major
physical characteristics bebwesn different populations Prewvious sthedes fownd those
differences due o emdonmental conditions [Daniels &t al 19398 habitat and in-Sit
physio-chemicals parameters and horseshoe cabs’ conditon; diets, stage of matariby,
genetic and population density would influence the wvaration of horseshoe crab size
(Krumihiolz & Cavanah 15658; Hickman 1979, Schagfer ef al 1985; Chatterfi et al 19BE;
Gaspar ot al 2002; Grabam et al 2009; Shuster & Seldguchd 2003). Therefore, analysis of

AL Bhola, BiM, Vol 55, lose i 145
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SUPER TYPHOON RAI
(ODETTE)
11 DEC 2021 - 21 DEC 2021
(16 DEC 2021)

Wind Speed : 267km/h
Diameter: 185km /h
Eye: 56km
Air pressure : below 915mbar
Saffir-Simpson scale : Cat b

TROPICAL DEPRESSION 29

Categorized as a rapidly rotating storm
system commonly referred to as a
tropical cyclone

PATHWAYS

Make landfall at Terengganu coadst and
move to Straits of Malacca
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proposed by van Rijn et al
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Geomorphology
Parameter

e Calibration of XBeach numerical
model

e Calibrated parameter are analised
using Brier Skill Scoring Analysis

Parameters Description Default
Value
Dryslope | Critical avalanching slope 1.0
above water
Wetslope | Critical avalanching slope 0.3
under water
Facua Calibration factor time 0.1
averaged flows due to
wave skewness and
asymmetry

e Calibrated value for 1D is used in 2D

e BSS Value Closer to 1 are best
fitted.
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Flow Validation

Water Level, Tg. gelang (m, MSL)
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Flow Validation

Average Velocity, Teledvke (ms-1)
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Flow Validation

Average Direction, Teledyke (%)
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Wave Height (m)
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Dry Slope (m) Wetslope (m)
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Parameters Description Default
Value
Dryslope | Critical avalanching slope 1.0
above water
Wetslope | Critical avalanching slope 0.3
under water
Facua Calibration factor time
RS20 35 A0 AT 050650 TR0 R A U0 109 110 145 120 125 150 1S5 D IS IS0 IS5 160 165 70 17 10 1 190 195 200 averaged flows due to
=i cnee = e =i === =t wave skewness and
asymmetry
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R ES U L I XBeach Morphological Calibration
Morphological parameters

e Dryslope Wetslope Facua BSS Score
Defult 1.0 0.3 0.1 0.956
1 0.9 0.4 0.2 0.976 Ml
2 0.9 0.4 0.3 0.931
3 0.9 0.4 0.5 0.965
. . . 4 0.9 0.1 0.2 0.967
XBeach morphological parameters calibration 5 0.9 0.15 0.25 0.967
6 1.0 0.4 0.2 0.959

XBeach Morphological Test
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Provide better understanding on morphological
respond toward storm surge

Act as early warning tools for extreme event or

local long term morphological process

Further acknowlage for policy maker and
goverment for intermediate actions
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