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Abstract
Background and Objectives : The fighting beetle (Xylotrupes gideon) plays an important role in the ecosystem,
contributing significantly to nutrient cycling and soil enrichment through the consumption of decaying plant matter
during their larval stages. Furthermore, the adult beetle is a viable food source for humans, presenting an

opportunity for sustainable food production. Populations in their natural habitats are currently declining due to
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several factors, including the destruction of natural habitats, which limits the beetles' ability to reproduce, pollution
from agricultural practices involving chemical use and overharvesting for consumption. Although some aspects of
this insect's biology were explored, the complete biology of this species, particularly that of the pre-adult stages,
which reside underground, remains little known due to the difficulty of observation. This study aimed to investigate
the complete life cycle and developmental biology of the fighting beetle from the egg stage to the reproductive
adult stage, under controlled, confined rearing conditions, utilizing an artificial diet to mimic their natural food
sources.

Methodology : Five breeding pairs of healthy males and females were used for offspring production. Subsequently,
mated females were allowed to oviposit in a 25x22 cm culture pot filled with a fermented sawdust artificial diet.
After allowing for 5 days for oviposition, eggs were verified via careful examination. Ten eggs were carefully selected
from a single female and were meticulously monitored under a stereomicroscope to analyze the developmental
processes occurring before the larval stage. The majority of the eggs obtained from all five female beetles were
incubated until they successfully hatched into first instar larva (L1). Subsequently, 100 larvae (L1) were individually
reared in 32-ounce plastic cups until they developed into the reproductive adult stage. Throughout the
developmental period, data on the number of eggs per female, larval morphology at each instar, body weight,
developmental duration, survival rate, sex ratio, and adult lifespan were recorded.

Main Results : The study demonstrated that the fighting beetle can be successfully reared in a confined rearing
system using a formulated artificial diet that mimics their natural food source, allowing them to develop into
reproductive adults. The average number of eggs laid per female was 34.20 + 12.19. The eggs were white, oval-
shaped, and approximately 0.3 cm in length. Fertilized eggs exhibited progressive developmental changes as
observed through stereomicroscopy. Observation of eggs collected 5 days after oviposition revealed a translucent
appearance. By 10 days post-female oviposition, the eggs had increased in size, and an opaque spot was
observed, indicating embryonic development. By 15 days post-female oviposition, larval development was
observed with clear segmentation of the body. By 25 days post-female oviposition, significant development was
apparent with pigmentation of the body and clearly distinguishable head and mandible structures. These eggs
hatched into L1 larvae after approximately 25-30 days. Newly hatched L1 showed a white head and body with
reddish-brown hair on the body. The head color transitioned to brown over time. Larval development progressed
through molting, with larvae molting from L1 to L2 and L2 to L3, with each stage approximately 30 days. The L3
larval stage took approximately 180 days. At the late L3 stage, the larva made a pupation chamber and their

transparent skin changed to yellow and wrinkled before developing into a pupa stage. The durations from the pupa-
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teneral adult, teneral adult-reproductive adult and reproductive adult-natural death stages were 21.38+2.26,
32.82+3.24 and 53.81+15.59 days, respectively. The survival rates (%) from L1-L2, L2-L3, L3-pupa, pupa-teneral
adult, and teneral adult-reproductive adult stages were 100, 92, 82, 82, and 71%, respectively. Forming a pupation
chamber by L3 larva is a prominent behavior, providing an open space for pupal and adult development. The
pupation chamber of this species was oval-shaped with rounded ends and possessed thick and rigid walls. This
study yielded 41 reproductive adult males and 30 reproductive adult females, resulting in a male-to-female sex ratio
of 1.00:0.73. A chi-square test indicated that this ratio was not statistically significant. Males exhibited variations in
horn length. The coloration of adult fighting beetles from this study was classified into two primary groups: reddish-
brown and black. Reddish-brown was the predominant color observed in the reared beetles. Within the reddish-
brown group, there were varying shades that didn’t form distinct subgroups.

Conclusions : This study successfully reared the fighting beetle, elucidating their biology from the egg to the
reproductive adult stages, under confined condition and using an artificial diet. The diet was formulated with rubber
sawdust, dried cow manure, soil, wheat flour and water, mixed in specific proportions. The 71% survival rate of the
fighting beetle from the larval stage to the reproductive adult stage under solitary rearing conditions (limited space)
indicates that the formulated diet is adequate for supporting their development to the reproductive adult stage. This
study provides critical insights into the feasibility and optimization of large-scale rearing for various applications,
including sustainable conservation, commercial sale and alternative protein production from edible insect.

Keywords : fighting beetle ; biology ; rearing ; larva
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Figure 1 Characteristics of reproductive adult fighting beetle. (A): Female fighting beetles;

(B-F): Males have different body sizes, shapes and horn lengths.
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Figure 2 (A): Breeding pairs of male and female fighting beetles; (B): Total length measurement;
(C): Pots for laying eggs and developing into L1 stage; (D): The L1-teneral adult beetles were

individually raised in 32-ounce plastic cups.
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W atnadinladnReafaiindnaluuasiindiuiuarnanetaminladaian (LTnmnduinna) (Figure 3(E))

2 A ~ a

Figure 3 (A): The fighting beetle’s eggs under a stereo microscope; (B-E) Egg development at 5, 10, 15

and 25-day intervals after oviposition, respectively

o v 1 = 3 o
NENUINITUBNAWNNIWNTUIEUSUUBUINIANIE (Larva-adult development)
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seeiz L1 ynsaasnaudunueussey L2 Tuuasalvnjau Jaunavailug (ndnedszunne 0.5 LuRmWAT) nd1viuau
szay L1 auiimnatnaguansaeazaiy Roansalavinliueaiiuszuuvieas (tracheal system) da1au szaiziinaaag

wuauszey L2 Fudnisavanladuansa (body fat) Widiuiugildad (v-shape) (Figure 5(B)) nswamunligszazdnlyl
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nsilasuulasiisudnneinisazanlusiudivasianega (Figure 5(C)) M ldnausaslusiugldaandagian luscay

eresuansrey L3 nuauliiueius 8nnmeesdutnaie1yaoanuiiaunn HaniianniAuneesaEuiien

o o

HwgAnssnn19a§19ineg (pupation chamber) (Figure 6(A)) szaizinenauaanasidudnus Hianwizdouaisianady
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ANWA (pupa) TIUTNANLARNANEULFAIAT19AIN (Figure 6(B)) seasiildsrazinaiany 21.38+3.24 du lifiueuns

Y K

uaRn snansaldun luing vasanntiuanuaNaneruzand NI dudliinianes (Figure 6(C)) WAZHIANAAANNBUAL
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(A)
Abdominal spiracle

Thoracic spiracle

Larva 1 L
| II|I||I|IIII||I|I|IIII||III|I M
4 5 6 7

Figure 4 (A): Newly hatching larvae (L1); (B): The comparison between two larva stages body size:

3

The upper right corner picture shows the size of the larvae's heads of L1 and L2. The white
arrows depict the abdominal and thoracic spiracles.

AnunuzeeadAnANdaaNnsadauLeandu 2 nquudn o Ae ArAnaues fUAM AnrzesENLANNTAR
lumsmziaasiedinmauns ludausesdinniauns demunisldsziuresdnguiaen duiimaunslussiusne
%'q”l,m'mmm@"mLﬂuﬂ@jmﬁﬁm@uiﬁ (Figure 7(A-G)) miﬁm:mﬂ%@ﬁiﬁé’wndﬂq‘ﬁuLﬁmf?ﬂW?@uﬁuﬁuﬁLwﬂr:;T 41 fiq
WAl 30 60 Anifludndaussudnanadsainadawingu 1.00 : 0.73 nanaaaulaauasswudn liuans1emieais

(X2=1.704; p=0.197; d.f.=1)
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Figure 5 (A): Molting behavior of fighting larva; (B): The accumulation of body fat in a V shape (black star) at the

dorsal area; (C) Yellow fat accumulation throughout the body at the end of the L3 stage

N

1

-\ ”

e, -

e

= =a

Figure 7 Adult stage of fighting beetles; (A-F): Adult males obtained from the experiment show different

characteristics of color and length of horns. (G): Adult female stage
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o

BA7IN1770ATINYINTLEISYUD ANUG UASISUBUANTE

Y c o o o ¥ve & = 2= & I
ITUTUUAU ANUA LAZIZEZANTEANAL lATUN1ITIA8 T Ua M TIRL ULLL AT NI A NAINNT U (%) EN

48.07+1.26 nan1ednansmgiaviseinldineiinisineniintas 3 41 Aaeataan1maaasnLd1ag uaae 30.00-32.5

o

BIANTAITIA HAAINNNTIATITHERIINIIIBATIR (%) TeIUUEUITeY L1 D9 szaztindanfandunug ddnsanng

o

20ATIAAILAAI1 Table 1 HANIINABBINLTAIINNTIDAANNNBAWIZEY L1-12, L2-L3, L3-ANws, AnuA-szeazifisde

o o o < o v

WNE mew:Lﬁmﬂwnm-mmawmuﬁuﬁuﬁ WiNAL 100, 92, 82, 82 WA 71% AINATALU (table 1) NUN1TANY
Tnaannzlussaznueu ifnsasditldasan (Figure 8(A)) nuaunguiiunessasnsanmuiiuseay L3 16 usnnanau
WeanduszazAnus (Figure 8(B)) UBNANNIU wumsmﬂﬁumﬁqLﬁmfi”mwz‘ﬁﬂﬁmmxﬁﬂwmzmﬂmgmﬁmmﬂﬂ

Tuszazifindanfan@unugunssa (Figure 8(C))

Table 1 The survival rates of fighting beetle individually reared in 32-ounce plastic cups

Survival rate (%)

L1 L1-L2 L2-L3 L3-Pupa Pupa- Teneral adult Teneral adult -
stages Reproductive adult stages
100 100 92 82 82 71

Figure 8 (A): Larva 3 shows a bruise lesion at the thoracic site (white circle) resulting in death (B).

(C): Morphological abnormality of the reproductive adult stage

vnueguuausses L 1-L3 (Aauiiing)

nsaAsIziinuiinuueuszes L1-L3 nauinIngsanuau 7 ase (M 1 thew) luyndanseatddnluduilasu
AIMNINUIT NUBUIEEY L1 inauluinindaleds 0.24+0.00 nfu lunnsdeadsn 2-7 uanidniadeiinauiily
4.04+2.15,13.56+4.17, 21.29+2.67, 23.06+3.02, 24.79+3.45 llay 23.37+3.42 N A1NANAL (table 2 UaL figure 9)

o o

wminlunsdnusazaiuintuesalld Ay 9ais (p<0.05) andunneinaian 7 (aglusres L3 nauadalngs)

v
o o o

FanunminaanasasdeliladAnyneada (p<0.05) Autminganldannnisinasi 6
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Table 2 The mean body weight of the fighting beetle individually reared in 32-ounce plastic cups (L1- the late

larva 3 stages) from 7 weighing measurements

Weighing measurements

1: Feb. 2: Mar. 3: Apr. 4: May 5: Jun. 6: Jul. 7: Aug.

Weight  0.24+0.01' 4.0442.15° 13.56£4.17°  21.29+2.67° 23.06+3.02° 24.79+3.45° 23.37+3.42°
(9)£SD

: Means within a row with different letters are significantly different (p<0.05)

30

23.06 2479 23.37
25 2129 ] .......... [
20 ‘.‘.l:

13.56

Weight (g)
I

Feb Mar. Apr May Jun Jul Aug

...... Weight 0.24 4.04 13.56 21.28 23.06 24.79 23.37

Figure 9 The graph shows the mean body weight + standard deviation for L1- the late larva 3

stages at each time point

o o o

1241987 BN TN AW INIZEEYIN INI-ANA, T28S ANWA-TSSIANIENNGA, TS ANTEINNFA-TSLSANTE

WIANAUNUE uazsseis NN SonALNLE - uaa 8 T8

o o o 13

32812191 NI WA N IL 8NN TN DTS ULAN LS TLaANLA-Tve L RN TN N AT s vz RN TN NFR-ss ey

o

=3 o v A o & Yy o o A < k2 dld o v ¥ A % % ° %
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Table 3 The mean development time of fighting beetle from the late larva 3 -pupa, pupa- teneral adult, teneral

adult- reproductive adult and reproductive adult -natural death stages

Development time (Days)

The late larva 3 -Pupa Pupa- Teneral adult Teneral adult - Reproductive adult -
stages stages Reproductive adult stages Natural death stages
12.55+2.26 21.38+3.24 32.82+5.92 53.81+£15.59
Discussion

X ¥ =y < Yo = A aal p X o
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S o o & 4 . = v dns X v
nsmnziaendssiuag luannaniniunanunsaauanfulmsdananld uanldainnismnziagsluaninsangnn

a =3 & v a a dl ! o a ° v o‘:J/ Yy
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