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Abstract. A survey on macrofungoccurring in the Rainforest Discovery Centre (RDC),
Sandakan, Sabah was carried out to establish baseline data on fungal richness in the area.
Surveys were conducted betweefi‘®2ay and 26" July 2018, covering a total distance of 6.7

km. Macrofungi sigted were photographed and samples were collected to serve as voucher
specimens. A total of 138 specimens comprising 10 orders, 24 families and 43 genera were
recorded. The order Polyporaceae was the most numerically abundant, making up almost half
(47.1%) of the specimens collected. Most of the fungi sighted were on woody debris on the
forest floor. Several noteworthy fungi including the bioluminesdeitmboletus manipularis

the veiledPhallus multicolor and the chalicéike Cookeinaspp. were documertde

Keywords: Fungi, Rainforest Discovery Centre, Sepikébili Forest Reserve

INTRODUCTION

Fungi are not animals, nor plants. Unlike animals and plants, their cell walls are made
up of chitin. Fungi cannot produce their own food, hence, they fedéadhorganic mattéor
nutrients (saprophytic). Ascomycota and Basidiomycota are the two main classes in the fungi
kingdom.Ascomycotacannotbe seenwith the nakedeye,exceptfor the cup fungi. Most fungi
undertheclassBasidiomycotacanbeconsumedsuchasfromthe genusAuricularia, Pleurotus
and Volvariella (Dewi et al. 2019). The bolete, puffball, gilled, coral, toothed, bracket, and
jelly fungi are some examples of the basidiomycetes. Each type of these fungi has its own
characteristiandappearancandareusefulin theidentificationof fungi (Branco2011).Fungi
play an important role in forest ecosystems in which they serve as the main decomposer of
deadorganicmatter suchasdeadtreeswoodsandleaveqHydeetal. 1998).Theyarethe food
sources for certain animals, insects and even humans (Zaireidalir2010).

RDCwaschoserasthestudysitesinceit is oneof thefore mostenvironme ntaéducation
centresin Sabah and is located adjacent to the Kabili Sepilok Forest Reserve, an accessible
natural rainforest. Over the years, RDC has also become a popular birding and tourism site. It
attracts nature photographers including those who are keen to captureiosetographs of
interestingfungi. Hence,a baselinestudyof the fungi diversityin RDC wascarriedoutandthe
data collected were used to generate a checklisingf.


mailto:Viviannye.Paul@sabah.gov.my
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MATERIALS & METHODS
Study area

This study was conducted in the Rainforest Discovery Centre (RDC), located within
the TamanBotanikal Sepilok-orest Reserve area (Figure 1). RDC is one of the most popular
Environmental Education (EE) centres in Sabah, and its main aim is to raise awareness on the
importance of forest and forest conservation through its environmental edymaipammes.

Being classified as Class Wirgin Forest Reserves, thEamanBotanikal SepilokForest
Reserve area covers about 106.70 ha and acts as a shelter or home to the wildlife in that area.
Sampling was conducted along nine trails in RDC (Figure 2), namely Lakeside Trail (790 m),
BelianTrail (820m), KingfisherTrail (543 m), WoodpeckeAvenue(223m), RidgeTrail (620

m), TarsierCrossing (700 m), Mousedeer Crossing (481 m), Sepilok Giant Pass (670 m) and
Pitta Path (1.%m).

Field surveys and collection of fungi

The fieldwork wasconductedrom 22" May to 20" July 2018,coveringa total distance
of 6.7 km. Opportunistic sampling method was used wherein the team walked through the
area and collected conspicuous specimens of fungi when sighted. The macroscopic fungi were
identifiedin thefield andphotographedftom thetopandbottom(cameraDSLR Nikon D3200).
Informationonthelatitude,longitudeandaltitudeof the fungi wasalsorecordedisingthe GPS
(Model: Garmin GPSMARG4S).
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Figure 1.The RDC within Taman Botanikal Sepilok FR (dark green)
and its locatiorfinset) in Sabah.



Figure 2. The nine trails in Rainforest Discovery Centre (RDC).
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Taxonomic identification

The identification of macrofungi was made possible with the aid of current keys and
descriptions in field guides (Singet al, 1983 Pegler 1997, Zainuddeh al.2010, Lee 2012).
When specimens could not match to the known species descriptions, thegssigreed to a
genus and given a species number, for exarfpyiphodontiasp. 1. The taxonomic status and
descriptiorof thesespeciesvill beexaminedateror whenfungusspecialistareavailable The
specimens were later brought back and dried in arbator or oven at 45°C for 248 hours.

The moderate temperature was set for drying in order not to kill the fungi but to keep them
dormantfor cultureisolationin thefuture. Thedriedspecimensveredepositechtthe Pathology
Laboratory in the Forest Research Centre, Sepilok, Sandakan for &ixitigr

RESULTS AND DISCUSSION

A total of 43 genera from 24 families belonging to 10 orders of fungi were recorded
at the RDC (Appendix A). Order Polyporales (47.1%) had the highest number, followed by
Agaricaleq35.5%),RussulalesandXylariales,respectivelysharethesameperce mige(3.6%),
Boletaleq2.9%),Pezizale$2.9%),CantharellaleandT helephorale§l.5%),Auricularialesand
Phallaleg0.7%),respectively.Thefamily Polyporaceaeasthe mostdominant33individuals)
whilst the least dominant were that of the Schizophyllaceae, Pleuteaceae, Nidulariaceae,
Psathyrellaceae, Auriculariaceae and Phallaceae where only one individual representing each
family. The genusGanodermahad the highest number of indivials found in RDC, in which
23 specimens were collected, followedNMgrasmiusandMycenawith 12 and 10 specimens,
respectively. An expanded list of macrofungi in RDC is provided in Appdhdix

Thefindingsof thisstudywith the OrderPolyporalehavingthehighesihumberecorded
concurs withYamashitaet al. (2015) in that the species diversity of polypores in the primary
forestsis relativelyhighin thetropicalregioncomparedvith thatin temperater borealregions.

The fruiting bodies of polypores is pivotal to the anthropods in which they provide food and
habitatresourcegYamashitaetal. 2015).Malaysialackthe resourcesinde xpertiseén studying
macrofungi (Leeet al. 2008, Chang & Lee 2004, Hyde 200@jth only few suitable keys and
monographs available for the identification of fungi in Borneo, to date, hence there are fungi
thatcannotbeidentified up to thespeciedevel.Neverthelesghereis a marked nterestto study

fungi whereby a number of studies have been carried out in Sabah in recent years. Macrofungi
surveywascarriedoutfrom 215 to 26" of August,2017duringthe ImbakCanyonConservation
Area(ICCA) ScientificExpeditionatBatuTimbangArea,ImbakCanyon,SabahA total of 106
species from 13 different families within Basidiomycota and Ascomycota were documented
in this study (Paukt al. 2019). Besides that, a study on ethnomycological knowledge of wild
mushroomahasbee nconductedvithin theindigenousommunitiesof Sabal{Fooetal. 2018).
Through thisstudy,documentation of wild edible mushrooms in Sabah wecerded.

Photographs of selected macrofungi are shown in Plates 1 to 5. The fungi were found
predominantly growing on woody debr{soarse and fine), with the exception of several
specimens, such as Marasmiussp. (Pl. 3b), and aMycenasp. (Pl. 4a). However, our
observations might be wrong due to the likely sampling bias as most of the fungi growing on
leaf litter were small and k&tively inconspicuous that mighe overlookedluring thesurvey.
Thefindings, nonethelesshowthesignificanceof woodydebrisandlitterfall in supportinghe
fungal diversity in RDC.
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Notes on selected species

The RDC is home to several fascinating taxa that are ecologically vital to the forest
ecosystem and may be economically important. The followings are description of the fungi
found in RDC.

Bioluminescent Fungus (Plate 3c&d)

The bioluminescent fungug-iloboletus manipularifoelongs to Mycenaceaamily,
was found growing in groups on dead logs at Belian Trail, Ridge Trail, Pitta Path and a trail
near Keruing Café. The fungi usually growmoist environment and decaying woods (Chew
et al. 2015). The pileus are white in colour, are umbonate, have smooth surface and margin,
and they have pores lamellae arrangement. When touched, they feel rubbery. According to
Vydryakovaet al. (2014), the pikus can be conical, rounded, plane or depressed. The colour
of fungi becomes white to cream or beige when they reached maturity stage. The spore print
of theFiloboletus manipulariss white in colour. The glowing part is only at certain part, such
as stie and underside of the cap. The light is caused by the oxdgmandent reaction which
is a chemical reaction between luciferin (a catalyst), luciferase (an enzjiejAdenosine
triphosphate) and oxygen (llondu & OkizD16).

Stinkhorn fungus (Plate 5

Phallus multicolor belonging to Phallacedamily, was found growing singly on the
forest floor along the sidewalk of Ridge trail. This species is commonly known as Beitlal
stinkhorndueto its orangenetlike induciumhanginglownfromthetop (Abraretal. 2007).The
stinking smell actually comes from the cap that contains sticky and slimy gleba. The released
foul smell will attract the flies and insects to feed on the gleba (Ketras 2016,Dashet al.
2010). Thus, the insects act as anrage spore dispersal for the fungi because the spores will
stickonthelegsandanybodypartsof insect(Peglerl997,Dashetal. 2010). Stinkhornprefers
acool moistwith highorganicmatterareagKorusetal. 2016).Thespeciessuallygrowstwice
ayear.The overall lifecycle takes 1530 days to completeSitinjak 201§ while the fruiting
bodies may be able to fully develop within & hours. However, they can last only for a few
days or a maximum of one week before dying (Katusl. 2016).

Coprinoid mushrooms (Plate 5c&d)

Coprinoid mushrooms are easy to recognize by their gill deliquescent characteristic
upon reaching maturity stage (Roehl 2017) with the gill started to produce black spores and
fruiting bodyturnedfragile. Parasolasp., oneof theinky capsunderthe family Psathyellaceae
(Szarkandetal. 2017, Hussairet al. 2018) wasfound growingin smallgroupson the twigs at
the Mousedeer Crossing tralarasolas p . is commonly known as APl
Japanese Umbrell ao because of their caps whi
margin,lookinglike a parasolor anumbrella.Thefruiting bodiesaregreyandwhite in colour,
with a yellow dt at the cap centre. The veils are absent (Kuo 2011). They turned very fragile
and inky when removed from tisibstrates.
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Birddés nest fungus (Pl ate 5b)

Cyathus striatusthe birdn e sfangus of the family Nidulariaceaeas found growing
onadeadog atPittaPath.Thefungi aretiny andblendwell with thesubstrateT heyarecalled
b i rngésh mingi due to their fruiting bodies appearing like a nest (known as peridium) filled
with eggs (spores known as peridioles) (Ma014). The morphological characteristics are as
the followings: a) vasshaped or cyghaped peridium; b) grey distaped bodieperidioles;
c) shiny striated internal wall; d) brown hairy external surface (Kuo 2014, Leonard 2017). The
fungi dependontheforce of raindropsto splashthe peridiolesoutandthis methodis knownas
splash dispersaHassetet al.2013).

Y ellowfootedpolypore (Platela&b)

Microporusxanthopuss averycommonfungi thatcanbefoundin all the nine trailsin

RDC.T h xanthopus der i ves from two Greek words and
2008) hence they are called yellow footed due to their yellow stipe. The fruiting bodies are
funnelshaped and sometimes the two fruiting bodies grow together to formeer body.
The surface is concentrically zoned with brown, yellow and black colour. The margavys
Its undersidas white in colourandthe poresareminusculeto be seerby nakedeyes.Theyare
usually found growing on the dead branches. According to Chang & Lee (Adi@4dpporus
xanthopusan be used in weaning processtfabies.

Cup fungi (Plate 5f&Qg)

Cookeinai s commonl y Kk n o wulatanangkoku pMathyLbelanging o r A
to theclass Agaricamycota (Order: Pezizales; Family: Sarcosyphaceae). This genus is quite
common and is usually found near the river in RDC. The two species found in thesereey
Cookeina tricholomandC. sulcipesand it is fairly easy to differentiate thelmased on their
morphology Cookeina tricholomas usually red to peach colour with short stipe and white
hairs covering the cup surface. The colouCobkeina sulcipes between peach to light pink
or from light yellow to white and it usually hada@ng stipe where tiny hairs that can be seen
at the edge of the cup surface (Abdulah & Rusea 2009, Denison 1967, Zaieudd2010).
Cookeinasp. can be used as fish bait by rubbing it against the fish hook (Chang2204e

The split gill fungus (Plate 6a&b)

The Schizophyllum commurer generally known as split gill fungus is a widely and
commonly distributed fungi in the worl d henct
Latin name (Emberger 2008). Belonging to the family Schizophylladbeaefruiting bodies
have a flat surface and white in colour. However, the most exciting part is on their split gill
which is located at the underside of the fruiting bodiésllinga 2013) making them extra
specialandfairly easyto see.Thefruiting bodiesaresmallin size,fan-shapedandlackof stem
(Kuo 2003). The split gill was found growing on the dead logs at IPétti.
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CONCLUSIONS

The order Polyporalebad the highest number of fungi in RDC, with almost half
(47.1%)of the specimengollectedwerefromthis order.It isrecommendethat furtherstudies
on fungi be carried out for a more comprehensive documentation in RDC. Researchbeeed to
further inensified to gather and document the many fungi that have yet discovered in Borneo
too. It is hopefulthatthe findingsof this studymaygeneratdurtherinterestto work or conduct
comprehensive study dangi.
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Appendix A. Percentage of families of macrofungi in Rainforest Discovery Centre, Sepilok, Sandakan.

Phallales (0.72%)
Auriculariales (0.72%)
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Appendix B. Checklist of macrofungi in Rainforest Discovery Centre, Sepilok, Sandakan.

Division Order Family Genus n Plate
Basidiomycota | Polyporales Polyporaceae Microporus 9 Pl 1:a,b
Lentinus 7
Polyporus 7 PlL1:c
Trametes 4 Pl 1:d
Fomes 2 PlL1l:e
Hexagonia 2 PlL1:f
Earliella 1 PlL1:g
Pycnoporus 1 Pl 2:a
Ganodermataceae | Ganoderma 23 iPL2:b
Amauroderma 1 Pl 2:c
Meruliaceae Podoscypha 3
Cymatoderma 2 Pl. 2:d
Fomitopsidaceae | Fomitopsis 2 PlL2:e
Daedalea 1
Agaricales Marasmiaceae Marasmius 12 iPL3:ab
Campanella 2
Marasmiellus 2
Mycenaceae Filoboletus 1 Pl 3:c,d
Panellus 1 Pl. 3: e,f
Xeromphalina 1
Trogia 2
Mycena 10 iPlL4:a
Agaricaceae Agaricus 3
Lycoperdon 3 PlL4:b
Leucocoprinus 2 Pl 4:c
Amanitaceae Amanita 2 Pl. 4:d
Clavariaceae Clavaria 2 Pl 4:e
Pleurotaceae Pleurotus 2
Nidulariaceae Cyathus 1 Pl 5:a,b
Pleuteaceae Pleuteus 1
Psathyrellaceae Parasola 1 Pl.5:¢c,d
Shizophyllaceae Schizophyllum 1 Pl.6:a,b
Russulales Russulaceae Russula 3
Stereaceae Stereum 2
Boletales Boletaceae Boletus 2
Sclerodermataceae; Scleroderma 2
Cantharellales | Cantharellaceae Cantharellus 1
Craterellus 1
Thelephorales | Thelephoraceae Thelephora 2
Auriculariales | Auriculariaceae Auricularia 1
Phallales Phallaceae Phallus 1 PL5: e
Ascomycota Xylariales Xylariaceae Xylaria 5
Pezizales Sarcoscyphaceae | Cookeina 4 Pl 5: f,g
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Plate 1(a b)Microporus xanthopus(c) Polyporussp.; (d)Trametesp (e)Fomesp
(f) Hexagoniasp.; (g)Earliella scabrosa.
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o 5 ~ -

Plate 2(a) Pycnoporussp.; (b)Ganodermasp.; (c)Amaurodermasp.; (d) Cymatodermap.;
(e) Fomitopsissp.
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Plate 3(a,b)Marasmiusspp.; (c,dFiloboletus manipularis(e,f) Panellussp.
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Plate 4 (a) Mycenasp.;(b) Lycoperdorsp.;(c) Leucocoprinusp.;(d) Amanitasp.;(e) Clavaria
sp.
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Plate 5(a,b)Cyathussp.; (c,d)Parasolasp.; (e)Phallus multicolor (f) Cookeinatricholomg
(9) Cookeina sulcipes.
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Plate 6(a,b)Schizophyllum commune.

17






Sepilok Bulletir28: 19-43 (2019 C.K.C. Nget al.

Precipitation trend and heterogeneity of Sabah, North Borneo

C.K.C, Ng**, J.J, Sikui®, S.K. Nur Syafigal? & R. Nilus?3

'Forever Sabah, H30, Gaya Park, Lorong Muntahan 1C, Jalan Penampang, 88300
Kota Kinabalu, Sabah, Malaysia

2Centre for Biodivesity Research, Faculty of Science, Universiti Tunku Abdul Rahman, Jalan
Universiti Bandar Barat, 31900 Kampar, Malaysia

3ForestResearciCentre, SabahForestryDepartmentP.0.Box1407,90715SandakanSabah,
Malaysia

*Author for correspondence. Email: caseywaej@gmail.com

Abstract. Understanding the spatiemporal pattern of precipitation is crucial when making
policies to prevent disaster and support segonomic activities in a political region. This
paper represents the first attempt to investigate the satiporal precipitation pattern in
Sabalby employingmonthlydatasetdrom24 weatherstationsacrossSabatihatwererecorded
between 2006 and 2015. Results show that precipitation distribution was not spatially uniform
and six major groupings were identified basedvda r alasger analysis. The precipitation
datasets did not demonstrate a significant linkage with BbNiouthern Oscillation forcing.
Temporalprecipitation trends in densely populated towns showed a detectable decline, which
couldbea causdor alarmandprecautionggainspotentialadversempactsmaybe necessary.
Whilst some limitations are highliggd, this paper offers insights into micro andcroescaled
forcingsthatarecritical to Sabalandreinforceghe needto paymoreatte ntiorto meteorological
variability to inform forestry and other soegzonomic activityplanning.

Keywords: Flood, rainfall, urban planning, policy

INTRODUCTION

It is unequivocal that global warming and climate change have a direct impact on the
intra-seasonalnter-annualandinter-decadahaturalandanthropoge nisystemsFor example,
the timing, variabity and intensity of seasonal precipitation are important in determining the
success rate of reforestation projects and-iedragriculture (Hawtreet al.2015, Locatelliet
al. 2015, Sakamotet al. 2015, Beyert al. 2016). In contrast, heavy precigitan shocks are
responsible for flooding (Haet al. 2017) and their occurrence also affect the productivity of
thefisheryindustry(Seggelet al. 2016).Converselydroughtperiodsarehighly undesirableas
they are commonly linked to predicaments such as forest fires, biodiversity depletion, reduced
crop harvests and water shortag¥an Nieuwstadt & Sheil2005,Wong et al. 2005,Yemenu
& Chemeda 2010Woosteret al.2012, Busby & Smith 2014, Schyaesal. 2015, Zhangt al.
2019). As more countries are shifting towards milsydro and soladriven renewable energy
options (UNIDO 2016, REN21 2017), it is no surprise that a period of precipitation surplus
or deficit may have an effect on energy securgyeell. Given such a heavy dependence on
climatic knowledge to inform planning and poliayaking endeavours for building resilience
against the negative impacts, spatially analysing the regional precipitation pattern is the first
crucialstep.Moreover sinceglobalwarming andclimate changeis alreadyevident(Trenberth
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2011, Scalzittiet al. 2016, Pendergrass al. 2017), this makes it more urgent to analyse the

latestavailabledatato detecianychangesn thelocal climatefor takingprecautiongnddriving
policies and legislative regulation.

Reviewof literatureshowedthatpreviousstudieson the precipitationpatterngn Sabah
had mainly focused on characterizing variation in small areas or digiWetsh& Newberry
1999,Chappelletal. 2001,Bidin & Chappell2003,Margroveetal. 2015,Suparteetal. 2015).
These may be too smadtaled to capture larger climatic influences. On the other hand, there
had been several studies for the whole of Borneo igMfmbsteret al.2012, Qiaret al.2013,
S a 0 atali 2017) that conversely may be too laggmledand coarse to recognize subtle
factors that influence the climatic mechanisn$ia b auhique landscape3othe best of our
knowledge, no empirical study has analysed the precipitation patterns in Sabah in the recent
decade which may reveal possibletfas that could affect its precipitation trends well into the
future.

Recognizing the gap in current knowledge, the objective of our work was to examine
and delineate distinctive precipitation patterns based on available datasets recorded at weather
stationsacrossSabalfrom2006to 2015(10years) Thereporthereinrepresentshefirstatte mpt
to elucidate the trend regarding temporal variability in precipitation across spatial domains
in Sabah and dissimilarities between these domains using migtevastatistical approach.
Particularemphasisvasputoncoastaregionswherethe mostpopulatedownshipsarelocated.
Additionally, we examined the linkage between the precipitation datasets with corresponding
OceanidNifio Index(ONI) andSouthernOscillationIindex(SOI) valuesto investigatevhether
El Nifio SoutherrOscillation(ENSO)forcings haveanyinfluenceonthe precipitationpatterns
in Sabah.

MATERIALS AND METHODS
Study area

Sabah(5°2 6163 M,416°5 64068 B) &5 a MalaysianStatelocatedatnorthBorneo.The
area occupies ~10% (73,620%kmOS 2015) of the total area of the third largest island in the
world. Its coastline faces the South China Sea in the northwest, Sulu Sea in the northeast and
Celebesean thesoutheastl heeastermegionis mainlyflatwhile thewestandinlandsouthern
regions are predominantly a complex intersperses of hilly and mountainous terrains. Sabah is
locatedin anactive AsiantAustralianmonsoonalegion,which maybe generallychamacterized
by an asymmetrical seasonal modulation between southwest monsoon (#ay and the
northeast monsoo(Nov.- Apr.) (Bidin & Chappell2003).

Dataset

Monthly precipitationdatasetvereacquiredoy ForesiResearciCentre(FRC),Sepilok,
from 37 stations operated by Sabah Forestry Department, Sabah Meteorological Department,
SababhAgriculture DepartmentPepartmenbf Irrigationand Drainage airportsandsomecrop
plantations. The focus was on datasets collected from the recent deg®mdsli¢e, from 2006
to 2015.
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Preliminary examination was done to minimize errors and biases; datasets were
analysed and filtered by using the stand box plot functions in SPSS® 20 software (IBM
2011) to identify irrational outliers andnrealistic values. FollowinyVorld Meteorological
Organization (2006), VicentBerrancet al. (2010) and_yra et al. (2014), gaps from missing
data (e.g. caused by faulty gauges and other inexplicable reasons) were replaced with values
derivedfromlinearregressiorfromsimilar periodof otheryearsandnearbystations However,
datasetérom manystationshadto bediscardedonethelesdueto overwhelminguncertainties
and probable errors. These were mostly datasets from gauges set in the interior regions. Other
researchers have also encountered similar issues in earlier §iMadilsb& Newberry 1999).
Consequently, datasets from only 24 stations were agredl for further analysis (Figure 1).

For analysing the linkage between precipitation and ENSO, the corresponding monthly ONI
and SOI time series values (202615) were selected as signatures. The monthly ONI and
SOl values were obtained from online datagoublished by the NOAA (2017) and Australian
Bureau of Meteorology (201 7gspectively.

Analysis

We applied Wa r daggkomerative hierarchical clustering algoritifivard 1963) to
determine the statisticaimilarity, or Euclidean distance, between thatasets. Th&var d 6 s
method provides a relatively stable degree of clustering or precipitation groupings and it has
been frequently applied in climatic studies (Kalksteiral. 1987, Gong & Richman 1995, De
Gaetand 996,Ramo<2001,Bravoetal. 2012 PinedaMartine z& CarbajalR017).Theapproach
hadbeenfoundto give betterresultswhencomparedvith otherclassificatiormethodgNathan
& McMahon 1990, Domroest al. 1998). TheWa r dnétbod detects integluster minimum
variances and uses i&iclidean distance as the yardstick for pairing dataset (Everitt & Dunn
1991). The mathematical equation a r @lgosithm is expresseasb:

. 0.5
£t

" vy 7y 2
0% = [ B(0hi UVtm) ]
=1

whered, is the Euclidean distance, aRd,;andP, ;are thej"value of variablgp andk. Thus,

the unit of clusters is generated by determining the level at which the \grthup similarity

is maximized while the between groups similarity is minimized (Guséawab. 2014). SPSS®
andInstantClue® (Nolte etal. 2018)wereusedto analyseall statisticalindicesandge neratéhe
required visualization plots. Geospatial mapping of station localities was managed, analysed
and illustrated in QGIS® 2.18 (QGE16).

RESULTS

FromWa r dlésteranalysisof theinter-monthandinter-annualprecipitationvariation
based on data from 2006 to 2015, six groupings with dissimilar precipitation trends were
identified (Figure 2). The centrality and variance of datasets for each station are illustrated in
Figure3. Eachgroupwasnamedafterther e g i nwostppsuloustown: Kudat, Kota Kinabalu,
Beaufort, Keningau, Sandakan arawau.The division into six groupings was also supported
by trend line analysis that showed similar precipitation patterns amongst stations within the
sameregional grouping(Figure4). TheresultsprovidedconfirmatoryevidencehatSabahasa
whole, does not experience a homogenous pattgurecfpitation.
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Based on datasets analyg20062015), the monthly precipitation mean of earbup
Is provided inTablel. A oneway ANOVA test was performed and the results showed that the
differences between the means were statistically significant (F = 71.57, p = 0.000), further
revalidatingdissimilarities between regional groupings. The data showed that the Kudat group
experienced the highest precipitation variability (CV = 0.986) followed by Sandakan group
(CV = 0.667). The lowest precipitation variability was experienced by Beaufort g
0.446).

Kudat and Sandakan groups showed a @AUO
mid-yearperiodsweretypically drier (Figure4). Suchprecipitationpatternrwasnotobservedn
other groups which suggested that they received somewhat eobsistount of precipitation
throughout theyear.Monthly stem plots (Figure 5) showed variances were riddled by outliers
(i.e. abnormal heavy precipitation episodes). In the datasets from 24 stations selected for this
study,weregardedutliersasnaturaloccurrenceandtheywerenotremovedrom thestemplot
and linear regression computation. Extreme precipitation episodes appeared to be somewhat
common throughout 2068015.

Although ENSO has been associated with precipitation deficit in the Southeast Asian
region (Hamadat al. 2002, Fulleret al. 2004, Woosteret al. 2012), ONI and SOI variations
surprisingly had no significant linearity with any of the grouping values basedatasets
collectedrom 2005to 2016(Table2). Dueto the weakcorrelationbetweergroupingsand ON|
values, we further performed a Residual Maximum Likelihood (REML) linear mimedel
regression to examine the overall fixed and random efféé&dound weak linearity between
dependenvariableONI andgroupvaluesof Kudat(F = 0.039,p = 0.843),Kota Kinabalu(F =
0.015, p = 0.901), Beaufort (F = 0.026, p = 0.871) and Sandakan (F = 1.987, p = 0.161), with
theexceptiorof Tawauw(F =4.746,p = 0.031)andKeningauF = 6.219,p =0.014). The REML
results inferred that the datasets employed may not be entirely sound for understanding ENSO
influences inSabah.

Histogram computed showe&tla b amorithty mean average precipitation was 237.96
mm (n=280, SD=154.93) based on datasets analysed (2006). We recognize, however,
thattherewasanoticeablepersistentleclinein precipitationfrom2006to 2015(Figure6) in all
heavilypopulatedownsnamelyKotaKinabalu(y = -0.3886x+ 267.65,R2=0.009),Keningau
(y =-0.4346x+ 196.86,R? = 0.0326)and Tawau(y = -0.5355x+ 205.85,R? = 0.0455)with
Sandakan (y =1.6156x + 403.46, R2 = 0.0583) experiencing the highest degree of decline.
Althoughdowntre nddirectionswerediminutiveandtheresultantoefficientof correlationgR?)
waslow, such noticeable decline may be a cause for concern. A more thorough investigation
should be deployed using larger datasets from past decades to reconfirm and quantify the
possible decline in a higher régiion manner.

DISCUSSION

Our work has successfully met the objective of delineating precipitation groupings in
Sabah, analysinthe decadal trends and deducing their relationships with the corresponding
valuesof ENS OsignaturesAnd yet, therewerestriking featuresn theresultsandplotsthatwe
could not entirely explain and these warranted further discussion. In the fajlparagraphs,
we briefly discussthe sensitivity of the 20062015 datasetsn detectingENSO forcings. The
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discoursalsocentreonoutliersdetectedi.e. precipitatioranomalies pndthepossibleactors,
namely smaHscale geographical and largeale meteorological forcings. Subsequently we
discuss our findings on a broader context and identify the gaps and limitations to guide future
studies.Finally, we provide suggestions on how the findindstlos study can be useful to
inform socieeconomicpolicymaking.

ENSO influence

ENSO climatic cycle has a variabil ety of
al. 2006). The ENSO cycle modulates between unusually warm (El Nifio) and cdui{&p
conditions in the area that spans between the tropical Indian and Pacific Oceans. Both the
peak and periodicity of El Nifio and La Nifia have changed to a large extent since 1871 with
considerabl@regularityin time (Dore 2005).AlthoughSabahs locatedin the westernPacific
Ocean and within the influences of ENSO forcing, our deescile study period may not
have coincided with the peak period of El Nifio or La Nifia. Furthermore, even if there was an
occurrencef peakEl Nifio or La Nifia, notall stationsin Sabalcandetecttheeffectsdueto the
interplay of other meteorological cycles and the topographic locaMiesecognize thatore
investigation and a bigger dataset that spans back to many decades are needed to decisively
clarify the influences of ENSO on the precipitation patternSabah.

Comparison with other studies

Comparing our work with others, we found that the precipitation trends from our
investigation to be somewhat similar to trends presentafddghand Newbery (1999n the
areas of Kudat and Sandakan, while differing in Kota Kinabalu. Other areas of our study were
not mentioned iWalshand Newbery (1999). They also highlighted that during the -B897
drought in Borneo which Nakagavea al.(2000) and Harrison (200®&)tributed to a strong El
Nifio event, the precipitation decline was considerably mild iT#wauregion.Walsh(1996)
and a report by the Malaysian Meteorological Department (2009) supported our findings and
concluded that ENSO forcing on its own was thet primary driver of precipitation deficit in
Malaysia. This was later reconfirmed Wonget al.(2009), Curativcet al. (2012) and\ong
et al. (2016). By analysing data collected from 1970 to 2009, étral. (2011) opposed the
notion that ENSO has an effect on the formation of cyclones in the western Pacific Ocean as
they found no linearity between ENSO and the frequency and intensity of tropical cyclones
in the region. This is to say that disturbances dfetts from typhoons in the northern seas
of Sabah are a distinct climatic force that warrant sepacatéiny. We also argue that much
remains to be understood in regard to the local climatic system and urge future researchers not
to rely solely on gloal climatic systems (e.g. ENSO, Indian Ocean Dipole and Maddksam
Oscillation) to correlate with their data. Instead, other local determinants such as topography
and diurnal sedand wind movement should alsoibgestigated.

Topoclimate implication

Besides external forcing such as ENSO, precipitation pattern is also influenced by a
suite of local variables, which include air movement, solar radiation, surface temperature and
soil temperature (Ettwein & Maslin 2011, Rajendedaral. 2018). They are ¢¢n complex and
nortlinear.Eachvariableexhibitsuniquete mporakndspatialsensitivitytowardschanges$n the
landscape structure. The degree of spatial variability may also differ greatly denwhgcape
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geomorphologynamelyn mourtainousareaforestedandanthropogenitocalities Forexample,
landscapestructureghathavebeenanthropogenicallgisturbede ndto experiencéiigherday

time shortwave radiation, temperature and wind speed than undisturbed localities (Hungerford
& Babbitt 1987, Han & Baik 2008, McAlpinet al.2018). The increased variability is caused
largely by the lack of biomass to regulate surface temperaturéatemd heat (Raynor 1971,
Matlack1993,Chenetal. 1996,Saunder®tal. 1998,McAlpine etal. 2018).Precipitationcan

also vary from lowland to highland and from the interior to the coastal edge depending on the
landscape configuration and orientatiowards the sea (Ogiret al. 2016, Zhuet al. 2017).
Factors mentioned would certainly have implications on the precipitation variation in&abah
itis somewhat a projecting landmass riddled by complex terrains and surrounded by sea in its
northern, eastern and westéoundaries.

We offer an insight into why analysis of precipitation pattern in Sabah is problematic
andthusnotcommonlyinvestigatedn thepast.During thepreliminaryexaminatiorof datasets
from all 37 stations, we notefthat the stations located in the interior regions and at various
elevations have recorded values that were wildly dissimilar to nearby stations. As mentioned
earlier, we selected datasets from only 24 stationdNfarr dabustering analysis. The rest
wasomitted as they would distort the computation process. For example, one of the stations
omitted was Babagon. Although the precipitation gauges in Kota Kinabalu and Babagon were
installedlessthanl5 kmapart(Figure7), the meanmonthlyprecipitatiorvaluesweremarkedly
different.An independe nfamplet-testshowedhatthe meandifferencebetweerBabagorn(n=
120, mean =413.09, SD = 212.74) and Kota Kinabalu (n = 120, mean = 244.14, SD = 142.82)
werestatisticallysignificant,t(119) = 10.29,p = 0.000.Therefore notsurprisingly,unexpected
andextre meprecipitationn Babagorhasbeenfrequentlycausingloodsin Penampan(Roslee
et al.2017) which is located at the downriver. It is apparent that the design of urban drainage
systemn Penampanghouldnotbeinformedby the precipitationdatasetdrom Kota Kinabalu
butfromBabagonnsteadT his caseaccentuatetheimportanceof regionalprecipitationstudies
at a finer scale to inform urban planning goalicymaking.

We have ara priori reason to deduce that the altitude and proximity of Babagon to the
coast had caused the striking asymmetrical distribution of precipitation. Babagon had been
consistentlyeceivingmoreprecipitationthanKota Kinabaludueto its windwardslopelocality.

Being located near the coast, the areas of Kota Kinabalu and Babagon are subjected to the
prominent effects of the diurnal laiseta breeze circulation. Air laden with moisture from the
coast tends to cool down and condense at higher edevatiere Babagon is located, causing

a condition known as orographic induced precipitation (Gray & Seed 2000). In contrast,
Tambunamecordecamuchlower precipitatiorvaluesdueto its leewardocation,or commonly
termed as fAr ai & Masim2ald althoudh Ehe statieniisdocated at a higher
elevation (Figure 7). Such spatial interaction on a hilly or mountainous landscape is termed as
topoclimate (Littmann 2008, Slaviat al. 2014) and so far the discipline is underexplored in
Soutleast Asia, more so in Sabah. Since the interior of Sabah feature a complex assembly of
ruggedterrains thelackof topoclimatestudiegputsthestatein thedarkin termsof knowledge.
Concerngighlightedhereinexe mplifythe complexityandchallengesn conductingstudieson

the predictability and trend of precipitation$abah.

Episodic and sporadic forcings

Toalargerextent, Sabahslocatedn the Maritime Continentwhichincludesindonesian
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archipelago and New Guinea. &uw, the region is scientifically known to be influenced by the
globalintra-seasonahndinter-decadameteorologicafluctuationsandinteractionsof the Indo-
Australian monsoon system, ENSO, Indian Ocean Dipole (I0D),dkladulian Oscillation
(MJO) and the Borneo vortex phenomerfavalsh1996, Mantoret al. 2001, Tangang2001,
Lawrence &Webster2002, Tangang& Juneng 2004, Juneng &angang2005, lharaet al.
2008, Tangangetal. 2008,Fenget al. 2010,Zhengetal. 2010,Jones& Carvalho2011,Xavier

et al.2014, Raja &Aydin 2018). That is tsay,the effect of each meteorological forcing may
be intensified or modified by anothé&rcing.

The incidences of Borneo vortex over the northeastern coast of Borneo #&skand
particularly prominent. During the northeast mons@dav. - Apr.), the northwestern side of
Borneo island tends to develop an area of deep convection that may manifest into a cyclonic
circulation,thuscausingheavyprecipitation/Ooi etal. 2011,Koseki etal. 2014).Thefrequency
of the Borneo vortex has increased over the 18827 period and the centroid has adkited
northwestward in recent years (Junend &gang2010). Such a sporadic forcing is expected
to have an effect on the precipitatibequency and intensity iBabah.

The climatic dynamism in Sabah is further
b e inth@adjacentortherrregion.Althoughsouthwesimonsoor{May-Oct.)andthenortheast
monsoon(Nov.-Apr.) aregenerally regarded as key determinants of precipitation intensity in
Sabal{Bidin & Chappell2003),extremeprecipitationstormsurgesandothertyphoonrinduced
calamitiesmayoccuratanytime from May throughNove mberalthoughusuallypeakingn late
Augustor earlySepte mbe(Fogartyetal. 2006).Forexamplepn31stMay 2018,aprecipitation
shockstruckthe westcoastwhe nEwiniar passedorthernSabahn closeproximity (Figure8).
The typhoon had induced extreme precipitation that caused massive flooding in many areas in
the west coast (Figure 9). The catastrophe was further exacerbated as Ewiniar also caused a
stormsurgewhichdecreasetheeffectivenessf the urbandrainagesystemin mitigatingflood
(i.e. reduced gravity flow to the coastaitlets).

At the time of this writing, four typhoonshavejust movedacrosshe northernregionin
SeptembeR018alone,namelyJebi,Barijat, MangkhutandTrami. Mangkhutwasclassifiedas
a category 5 fisuper typhoonodo and sustai ned &
From the opetsource visuals captured by Himawari satellite, we observed that Trami has an
effectonstormcloud pattern(Figure10). Theexamplegresergd by Ewiniarand Tramiimply
that typhoon occurrences and paths, no matter near or far from north Borneo, has an effect on
climatein SabahThephysicalmechanismsesponsibldor typhoonformationarestill notfully
understood (Riberat al.2005,Websteret al. 2005, Garcidderrera 2007, Qiet al.2018) and
this further renders weather forecast study as-toyle¢ precise science Babah.

Evidently,theclimateof Sabahs naturallyinflue ncedoy a mix of episodicandsporadic
forcings tlus we are reminded that there is a limit to the predictability of precipitation. It is
a highly sensitive mix of pressures and perturbations that occur in a partieyareek,
month oryear.The results can vary wildly even with just slight changiesne or two factors.
Consequently, outliers or extreme precipitation shocks are in fact a regular expression of the
local climatic datasets (Figures 3 and Baking this into consideration is essential for the
understanding of any study outputs or appiythe results for policymaking, planning and
managing sockgeconomicactivities.
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Limitations and future researches

We recognize that our research has limitations and wish to point them out to guide
future work. In terms of geographical location, stations selected were not ideally and evenly
distributed. Due to the significant discrepancies in datasets recorded by statimnsnterior
regions as mentioned earlier, most stations selected were near coast, with the exception of
stations in the Keningau group. These fAdisc
after all. As demonstrated in Babagon, linear regresaimong datasets recorded in nearby
stations may not be entirely reliable for correlation and grouping delineation. In the rugged
interior of Sabah where the topoclimate is virtually unstudied, erratic and abnormal values
recorded by the stations may be tommon expression of precipitation patterns. Instiidy,
we were unable to designate precipitation groupings for the interior regions of Sabah thus, we
urge future work to focus explicitly on investigating precipitation patterns in these areas to
clarify our understanding of the topoclimateSababh.

Moreover,a large part of the interiors is still subjected to laseé changes for socio
economic activities. Many studies have found that the flux in landscape vegetation cover may
shift the precipitation patterns spatiallWebb et al. 2005, Abis & Brovkin 2017Bennett
& Barton 2018) and quantifying the responses will further enhance our understanding of
precipitation pattern in the interior regio®e know that datasets derived from stations near
thecoastavererelativelymorestablefor statisticalanalysis.However thereis aneedo analyse
and decide whether datasets from the interior regions are naturally erratic or not, and how
theycanbeincludedfor broadscaleanalysisTherefore the six groupingsproposechereinare
tentativeatbestandthe delineationmayshiftin the future asnew knowledgee mergesor when
more interdecadal and intecenturial meteorological deviations st

Application of findings

Thisstudyis by nomeansomprehensivbutwearecertainthattheresultshaveanumber
of importantapplicationsin Malaysiathestormwatedrainagedesigrsystemis typicallybased
ona 2, 5, 10, 20, 50 and 100 years average recurrence interval (ARI) precipitation intensity
(DID 2012). On 1st June 2018 when a massive flood occumr®&nampang (Figure 9), the
GPM-GMI data showed that Babagon and Kota Kinabalu were experiencing a precipitation
rate of 8.289.08 mmv/hr and 5.36.62 mm/hr, respectively. Such difference implies that
engineersurbanplannersandgovernmenagencieshauld look beyondlocalizedprecipitation
data to inform urban drainage design and planning. Data in adjacent landscapes should also be
evaluated to formulate the best drainagstem.

As the ecotourismand fisheryindustryare major sociceconomic activitieslongthe coastal
area®f Sabahpur findingsmay providetheappropriatdorecasof high precipitatiorperiodsandthe
informationmay be usefulfor avoiding maritime mishapgd.he consistentljlow precipitation levels
observedh theKeningatandTawauwgroupshouldalsobetakenseriouslyfor managingvatersecurity
andto a certain extent watesafety.Steps coulde takenby manager®f watertreatmeniplantsin
these towngo mitigate impactef waterpollutionasstudieshaveshownthat lowprecipitation levels
causephysicochemical imbalanceand pollutant concentratiom freshwater resourc€3ornevi et
al. 2014, Mosley 2013\g et al. 2018).Overin therural areas,our findings maybe informative
for planningand policymaking initiativesrelatedto the implementatiorof micro-hydro, rainwater
harvestingand gravity-fed systems(GFS) initiatives which affect energy and water security.
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For activities such as agricultur®restry and environment conservation, the evidence
from this study suggests that habitat enrichment, reforestation or crop planting activities in
the interior regions should consider topoclimatic studies as part of the planning process. The
knowledge @ localized precipitation pattern is crucial for seedling survival and the success
of any reforestation project. The reduaegpact logging (RIL) protocol which is largely
dependent on felling timber during dry days would also benefit from our andlgsidhut not
least, regional dry season periods identified in this study may assist in policymaking, planning
and managing fire risks in industrial crop and forest manage metst

CONCLUSION

In this study, we delineated six groupings to give better insights on the precipitation
trends and heterogeneity of Sabah based on the recent220®6 decadal datasets. The
groupings proposed are based on historical data, and not based on predictive mod®ly thus
reflecttherealitybetteralthoughwe encounteredomeissueswith datadiscrepanciesgxplicitly
of thoserecordedn theinterior regions Additionally, we determinedhatthe ENSOsignatures,
namely ONI and SOI trends, have no significant correlatitth ¥he precipitation patterns
in Sabah within this period. At the spatial level, we discussed and proposed thascat@ll
topoclimate and largecale meteorological forcings have a direct impact on the pattern and
intensity of precipitation in SabaAlthough this research dealt mainly with the precipitation
patternof Sabahhighlightsandinsightsunveiledhereinhaveuniversalappeakndapplications.
Wedemonstrate how each regionds climatic pat
reveal the nuances that can be applied for producing and enhancing policies related to socio
economiownell-being.Also, astrikingaspecof anyweatherbasedstudyis thatspatiote mporal
datasets will always be fragmented. However, no matter how degpihistorical datasets
are still valuable and there is an urgent need to continuously and objectively analyse them for
anticipating climatic disturbances.
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TABLES

Table 1.Summary of monthly precipitation values (mean + SD).

Group Sample size (n) Mean (mm)

Beaufort 480 318.17£141.93
Sandakan 600 273.34+£177.27
Kota Kinabalu 360 232.86£139.75
Kudat 360 229.03+225.81
Tawau 600 207.00+92.98
Keningau 480 162.73+£78.71
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Table 2.Summary ofinear correlation values between ENSO signatures and groups.

Siglr\llzftfj)r e Kudat Kota Kinabalu Beaufort Keningau Sandakan Tawau
ONI R2=0.035 R2=0.0248 R2=0.0253 R2=0.1005 R2=0.0423 R2=0.0767
y=-39.915x+216.83 y=-24.511x+241.68 y=-25.742x+300.76 y=-28.969x+167.65 y=-52.221x+300.46 y=-26.375x+170.8
SOl R2=0.0711 R2=0.0115 R2=0.0536 R2=0.0984 R2=0.0619 R2=0.0151

y=4.8083x+210.73 y=1.4138x+241.17 y=3.1629x+296.69 y=2.4214x+165.47 y=5.337x+294.48 y=0.9877x+171.38
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Figure 1.All stationsmentionedin this paperandthe locationof Sabahn northBorneo(inset).
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Figure 2.Dendrogram hierarchical tree based on precipitation datasets collected from 2006 to
2015. Note that there are six compouidupings with dissimilar precipitation patterns.
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Figure 3.Stem plots of datasets (20@615) showing centrality, variance and outlier of precipitation values from each station. Plots of the same

grouping are marked with the same colour.
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Figure 4. Monthly mean precipitation trend efch grouping.
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Figure 5. Stem plots for visualizing the monthly precipitation mean averages and variances.
Outliers were not removed in plobmputation as they represent anomaly events which are an
inherent part of the local natural meteorological system.
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Figure 7. Elevationprofile (top) of Kota KinabaluBabagorTambunarcrosssectionandstem

plot comparison (bottom) of precipitation mean values. Due to its topographic characteristic,
Babagon consistently recorded higher precipitation values than Kota Kinabalu although it is
barely 15 km away from theity. As expected,Tambunanwhich is located in the leeward
position recorded lower precipitation values.

Ewiniar
path

Figure 8. Visual modelled from Global Precipitation Measurement and Microwave Imager
(GPM-GMI) dataset (NOAA, 2018b) showing precipitation shock (region marked red) in
S a b a h 6 eastnegianion 3dst May 2018 that was induced by Ewiniar typhoon.
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Figure 9. The precipitation shock induced by the Ewiniar typhoon has caused flood in
Donggongon, Penampang suburban district of Kota Kinabalu city that is located in the
foothills of Babagon. This image was recorded on 1st June 2018.

Figure 10. Visuals from Himawarsatellite showing the commrehaped Trami typhoon swirl

was drawing heavy clouds into north Borneo at UTC0200 (left) and UTC1400 (right) on 28th
September 2018 period (Japan Meteorological Agency, 2018). Similar episodes may have
struck Sabah with preciition shocks during the 20916 period and explain some outliers

in the statistical plots.
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A new record of Spodopteral liturgNoctuidae, Hadeninae)
defoliating Begonia ruthiaeand Begonia diwolii
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Begoniais oneof thelargestgeneraof flowering plantsin theworld (Frodin2004).The
genus is estimated to comprise more than 1,500 species worldwide, with almost 200 named
species in Borneo (Kiewt al. 2015).Begonia ruthi@ is one of the most beautiful Bornean
begonias. The leaves are velvety on the upper surface, almost blackish green contrasting with
abrightsilvery margin,anddeepmagentaonits underneatisurface.lt is a Sabate ndemicthat
is foundonly in DanumValley Conservatioreain deepshadeonbanks,or onraisedrootsor
wet rocks along the river in lowland dipterocarp forests (Ke¢al 2015).

Begonia diwoliihas plain green leaves on the upper surface and is deep magenta
underneath. It is found orertical and horizontal rock faces from the cliff base in deep shade
to light shadenearthe summitof limestonehills alongthe SegamaRiverin LahadDatu,(Kiew
2001]). This species is also endemicSabah.

In May, 2019, a caterpillar was spotted feeding voraciously on the leavsdofolii
attheForestResearciCentre(FRC) nurseryin Sepilok.It wascollectedandrearedn captivity.
The specimen turned out to belong to the same caterpillar species as aateheilar
caught in 2017 that fed d& ruthiae(Figure 1).To confirm this, photographs of the previous
caterpillarwascomparedvith the currentcaterpillar,andsomeB. ruthiae leavesveregivento
the caterpillarasan experiment.Interestingly, the caterpillarpreferredB. ruthiaeleavesover
B. diwolii leavesasit did not feedon B. diwolii leavesuntil all B. ruthiaeleaveswerefinished.

The maturecaterpillarwasblackishin colourwith dottedreddisHinesandyellow spots
running down the length of itsody,and reached 40 mm in length (Figure 2). It pupatiter
four days in captivity. The pupa was brown, measuring 15 mm in length (Figure 3). The adult
emerged.O daysafterpupationwith awingsparof 32 mmandabodylengthof 13 mm. It was
identified as a noctuid motlgpodoptera lituraFabricius (Noctuidae, Hadeninae), as shown
in Figures 4 & 5 Its distribution includes Inddustralian and Pacific tropics and subtropics.
According to Holloway (1989), the cateltpr of S. liturais mainly light or dark brown, never
green.The caterpillarcaughthasa differentcolour,whichis similar to the caterpillarspecimen
inaresearchyGuptaetal. (2015) whichalsohasablackappearancel hus,it canbeconcluded
that the caterpillars db. liturahave manyvariations.

Spodopterditura is animportantpestworldwide.Thecaterpillars highly polyphagous,

with over112host plants belonging to more than 40 plant familAmnfadet al. 200§. There
arealsorecordof this caterpillarasadefoliatoronOctomelesumatranandOxaliscorniculata
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in Sepilok(Chey 2005 & 2007) and dviangifera indicain India (Guptaet al. 2015).Begonia
ruthiae andB. diwolii are new host plant records for the caterpillar as there are no records in
previous studies, through extensive internet searclts.Aguracan occur m high abundance

with its voraciousfeedinghabit,it is importantto monitorandcontrolits infestationattheearly

stage so that it will not cause any outbreak which can completely defoliate the plants within a
shortperiod.Thisis particularlysignificantfor B. ruthiaesinceit is only restrictedto DVCA in

its natural habitat and it is difficult to propagate amghage.
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Figure 1.Mature caterpillar oSpodoptera Figure 2.Closeup of the caterpillar on
litura foraging on the flowers and leaves of  Begonia diwoliifoliage.
Begonia ruthiae

Figure 3.Pupal case d. litura measuring 15 Figure 4. The adult moth o8. liturain natural
mm in length. resting position.

Figure 5. A mounted specimen &. lituramoth.
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