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Abstract

The larval chemical defenses of the Yellow-rimmed Aquatic Firefly, Aquatica ficta (Olivier), were studied. The larvae, when
simulated by touch, would curl up their body into a ball and stretch their forked-shape eversible organs accompanied with a pine-
odor. Ten pairs of eversible organs are located bilaterally on meso- and metathoracies, as well as on the first 8 abdominal
segments, just above the abdominal tracheal gills. The external surface of the eversible organs of the fifth-instar larvae bears many
bud-like micro-protuberances, each with 3-6 spines radially arranged on the top. No significant ultrastructure was found within the
micro-protuberance. On the internal surface of the eversible organs there are many hemispherical structures, which have rich
mitochondria inside, each of which is connected to a micro-protuberance on the external surface with a tubule. These
hemispherical structures are believed to be the secretion glands. Four kinds of predators were used to test the effectiveness of the
chemical defense of the firefly larvae. The larvae successfully defended against attacks by Dojo Loaches (Misgurnus
anguillicaudatus), and were unharmed ejected out of the mouth of the loach. The larvae were hunted and partially consumed by
damselfly naiads (of Coenagrionidae). Freshwater prawns (Palaemonidae, Macrobrachium lar) were able to mechanically neutralize
the chemical defense of the firefly larvae and consumed the whole larval body. This suggests that the larval chemical defense is less
effective against invertebrate predators, although the predator may eventually abandon the dead prey. Using gas
chromatography-mass spectrometry (GC-MS), we identified nine chemical components, plus another three unknown substances,
that were extracted from the larval eversible organs. The identified components are largely monoterpene compounds, such as
terpinolene, L-(-)-verbenone, (-)-sabinene, limonene, and y- terpinene, etc. Among them terpinolene has the richest content
(20.87%) and was chosen for a bioassay test. Agar-based pellets containing commercial fish food and three different
concentrations of terpinolene (0.0425, 0.425 and 4.25%) were fed to the Dojo loaches and freshwater prawns (Macrobrachium lar)
to determine their deterrence. Pellets of each of the three concentrations showed a deterrent effect of different degrees to the
subject predators in relation to non-terpinolened pellets. The higher the concentration, the stronger the deterrence. Dojo loaches
showed a 30-95% deterrent efficiency. Freshwater prawns were less sensitive to terpinolene than loaches, and showed a 20-80%
deterrent efficiency. The terpinolene secreted by the larval eversible organs was confirmed to be a repellent against predators.

e

AMEHREZHZE (Aquatica ficta (Olivier)) FKZNRH(EBFHE - SRR EBUAORINE  SBESE  THESX
A2 BNAEAR - BNARIREE10% AR T - BMEEIEL ~ 87 BAKERESRE - FARMNEZIERIBEREEERS
HFEEAR/ SRR - InER A HTES S R BESIA/ R - O] D73 ~ 6MHUE . N\RIEADE|EMBE ; BRRABEEESHFEIK
REIEZE - WERIAREE - DUNEMINEREWIEE R/ NRERE - BREVEZ DWRE - B LBEESZENENEERERE
HARNEBREEEAY  BRENARNYURERYH  BERWENRSENSESRERGHMY  S&BEEME ; AERK
EERSZENSBUARATENE  BEFMNSET AR BRI ERBESEgEMSE  UUE—BRIURNSERRE - FEHE
Mes - REBNESMERE - IAREBTEZLESWMIMR 2 MM ERS - H8IR 125 B3 ERARM  HEARE
T EY - H D terpinolene ~ L-(-)-verbenone - (-)-sabineneE A T E /M - HE 2981 ~2087%; UHE X
terpinolene - MABHE SR AT ERERERIA2% FHERNRAES0.0425 + 0425824.25% =BEENATREE - (RBEMS
EBAIR - HlElterpinolene I AEIRBEEN &M - EM K E R BIRE =TEterpinoleneBEZ AT BERZIRARAEEHHE
MOREMES - BHEMER ; #EMIEERR30~95% - HERABWA20~80% - £ EHAHNBESZ S MR EMEIRAD
WHterpinolene# K EE A RBEWR -

Key words: Aquatica ficta, larvae chemical defense, predators, terpinolene, bioassay
B =8 % - Ma(EBENE - RKed £YEMRE -
Full Text: TIPDF(7.11 MB)

THEHEBBH 2 Browse all articles in archive: http://entsocjournal.yabee.com.tw



HrthE

G # 82: 41-57 (2012)
Formosan Entomol. 32: 41-57 (2012)

KAZ g S (C SRR L - e BT ~ T IL PRk
73 B AN Al i R R e

BRI ~ S '~ I 2~ B T

| BUREARENERERERERSR 10017 SIHEBHTEIBINE 1 5%
¢ BISMRISEYIEENSE 40453 SPHERS 1 R

"

A AR ER % ¥ (Aquatica ficta (Olivier)) “rk % fehit B 0 24 B % 5
#&ﬁ%m% gis o GEBHEE AL X W AR k2 éﬂa UL e PaERs 1040 A fee
SI9R NG 1~8 &2 W F FREFER - ﬁﬁéuxéﬂ‘ﬁﬁﬁi AR LT N
FenfeE R R 30 iﬁf—f‘*ﬁff##*}' g ¢’I P T A e 3~6 FEr A ] Rz
REE R PR A G B G 5 IR GIET o P R ) g et
B ERCL RAARE ) B PR T AR e TR RER G E 2 A
FPETHI P ORI BRSF TG 20 FREPT ARG IR B FROFKE 520
SERHEG R D AHEEGEG ) m P kTR T G Y %ﬁ_wg%m}_%
e BB ;ra,rif;ﬂ 13";}Eiﬁ'ifﬁ“4mvru% Al I YA
B L B RGP AN o I FARE AT R AT AR T
AoEBR 12 1 £ F 3 5 Aao HepL H T4 4> 2 ¢ terpinolene
L-(-)-verbenone -~ (-)-sabinene % 32 1 & &> > p¥ 2 £ 9.81~20.87% ; 1% & 2
terpinolene » " 7 A E R ~ B & d AR 0 2% A EFAN DY L 0.0425-0.425
$425% = fEJk R A 1 S 4E SR BKE § S > P terpinolene $ 7 4 &
HGEE o L EKE | SR = 48 terpinolene kA 2 A 1 SAEMLE T R ARA D
PIEW O ERARE > PIEPARS  HIARZ S WS L 30~95% > $#HF airiE L 20~
80% - A F EHREEFT RSN ‘41&%3%’9?&%&\ #e0 terpinolene ¥ % grewE £ F &
ALK o

=
-n\1.
"E\

>

BASEEE : R % A EPE RS 2P E R

i B
Corresponding email: psyang@ntu.edu.tw K K B han LERE 41



Z
jll[

S AN D ST E o
SFEAESIH SN - B Esinger et al. (2005) 7%
S =D 9B B3 E[FLHS T ﬁ*ﬁl@?“ﬁ )
gﬁ[ﬁﬂgp, @Ei&ﬁf‘?fi T 511 SRR 2 RS
Y @fﬁp R B ] ~ SRR RS R o
7’?%“’lfﬂﬁ fb P~ Ao ?ETE[ ‘\ “ﬁi%” LR
PIFGER 4R > FLEpy (S0 50 7 b g 0
= FERLT VM B B S R Iikﬁ& It
(ESECL L RT3 (alkaloids) il A
(steroids) - *5%i% (cantharidin) ~ 3 Jfil
i (cardenolides) %> ﬁilﬁf?‘/lﬁréé §F‘4?{J
8 AZRR - JIVRO SN S ERL
MR~ Pl SV P e ] A Y
A5 bl KRS e r%r,’ » (IEE
T ﬂ%ﬁ‘?‘?ﬁl‘i&ﬁ@%ﬁi%@ e
(aldehydes) - Tl % (quinines) - % %
(terpenes) %7+ I'| [*SFESPuzRIp ) 02 (M e
@a’ﬁ@W%ﬁﬂ PR S
LG Eﬁ4 £ lﬂ[ﬂi% FOPIET » FS L -
?J@f’rbﬁ/‘j [ FIJ«W T [ f J“‘jj <o phiE [;ﬂl
Fe i = ﬁ%’?‘/ ¢ EIJ] 2 2 (Gullan and
Cranston, 2005) = sg b= [ L1 b= ey~
e N ﬂgl*ﬁﬂc [*/ L['FVJ%TFI?J?—L%E\} R
S i'? | & 1% (aposematism) e
HESR =50 55 f4f lH'[f-ll E’j’ﬁ bl {17 55
KHEI 3 T iR N R 2 RIS
TROZE T P VA B2 E 127D E ) 380
900 FE F [EE&HFI%‘TU:Jj [“E 5 iﬂ fli<
I'J#/ 5 (Carabidae) 2§ (Meloidae) - &7
‘&, (Lampyridae) ~ 38 (Coccindellidae)
& [Li¢ (Chrysomelidae) S FLHAEH A
(Dettner, 1997)  I'| &1 @ EL ] - Ay EF )~
FELT (reflex bleeding) Fufh 55 £) » f2
I B LT3 14 S 5 o e

42 GRS

(Ohba and Hidaka, 2002; Sagegami-Oba et
al., 2007) - |~ [ £ F N e 7 0
Photinus ﬁ‘}E 5 %09 Lucidota 5] £ A5
CRNEICEE P R
lucibufagins (LBGs) 5 '?ﬁi il j—:ﬂﬁf’?ﬁ“ NE>a
477 bufadienolides » ¥ J[[{[1d¢;-~ Z‘%l[ﬂ‘lﬁ?}%
(Eisner et al., 1978; Eisner, 2005) - jﬁééﬁ
PR ELRET ~ GHUE - px&i’:ﬁf&f?‘ A5 P*Eﬁf“
FEE T A ?MN?%’ﬁlﬁf
J=t (Lloyd, 1973; Sydow and Lloyd, 1975;
1978; Eisner et al., 1997;
Knight et al., 1999) - 4 525 LBG 2[4
IR | RABELE > T BRIREC (SR 5T PR R AR
£_7 Z1% LBG> H@‘Cf’?E&E"ﬂ?\ (Eisneret al.,
1978) ,[“*i [ Photuris e F G IEF I F'
75 LBG > F' G QK PR R
v LBG (Einser, 1997) - [[! Gonzalez et al.
(1999) [[J5EZF Photuris &7 é—&ﬁg{ A¢ J‘
g2 (betaines) [=ZFHEHET
FrF b 2 [P ER (Underwood

et al., 1997; De Cock and Matthysen, 1999,
2001, 2003; Tyler, 2001a) = {E [l 55 iy

MO AR RS E O #
(eversible) [ivRl#FRE (Okada and Naba,
1928; Tyler 2001b, Tyler and Trice 2001,
Trice et al., 2004; Fu et al., 2007, 2009) lﬁ
SR P SR 15
B R ) F;F,‘vﬁ A5« £17Y
REAIT ) v [ R 1 A 7J‘% Bk A
2B RADRVIRIE 1T VP O3
mJT[J:ﬁ‘JTS ﬁgfflfi , @é& fﬁgl[ ptg, _}[Jx, 57 'iH[
Y2y 7 1ga (Fu et al., 2009) - <4 bﬁgﬁﬁ
@Mﬂ’ﬁg 7174 terpinolene #! terpene &~
M0 fi 77 S EOFAIREERL E ) 357 Rl
W - F%‘%ﬁﬂqty%J SE - 1 BRI
%%FWJ&#’J@TEEW@ i (multi-modal) fU#

Eisner et al.,



A [HES L (Fuet al., 2007) -

TR EJZ"*' % T (Aquatica
ficta (Olivier)) Zgfo =S5 [HE > & AJEI qﬁgﬁﬂ
“ﬁ‘% 8 TSR LA - 15

EL L Al J7f<7%' PEPIE R~ 0 o)
mééﬁﬁWﬂiLﬁ@bw%%@oig
o iff’ﬁfﬁ”f"\ P P R
R AT E 4 S puli s (Ho and
Jiang, 1997, 2002; Ho and Chu, 2002;
Chen, 2003) - iﬁ?’aﬁ%f’jﬁl[ﬁjﬁﬂjﬁ&?ﬁ 27 Il
;‘5%" '[fJ;cF" aH o é,JF'% FI {'::’[\ﬂ:ﬁ\,)ﬁz{:w[\ﬂ:]g'[fjjﬁ:@%?
oy SR PTG 752"& o = i ShERAY (-2

@iﬁr PHIE ?F”Jﬁ TS Bk o 7 R
PR R [ JE‘J'“’E*/ s FYE - T

F;W%?@ﬁﬁ’ SaN [ﬂ N Ry~ T ARHE S P

I RGBS T s
JE‘ [“ZHE L IR T U:E%l:ktﬂ [Fil %
AN Aﬁ:{i AR o

MFERTE

— - AEIHMREREESR

T PR 2009 F 3~4 F| 'fﬁ]ﬁ: 9~10
P FUBPHET T3 PP RS PR e
HRES > o lﬁcﬂﬁj,ﬁ&W‘ o ?JTﬁJJ/T%fJf
?}'E‘SPJ » IR SARREAT - ?ﬂ%ﬂ*ﬁ J‘wf SRS
A HEGd &K FAJJJU R Ff“
AT RRINARRENT T 8 ) il s R
[Py IEhE IR 7J‘H' » Vi {M5 Ho et

al. (2006) J/:FEI[ AT ,jJEEJE‘{c'Sf}L‘E’]:ﬁ P& -
2010 = 1 F|}) Elgb:{“ﬂ A A E P R
B P BT %AF”TP A bR - BT
BEERH VAP U UE PR B R
By T 'YK (Misgurnus
anguillicaudatus) == F1 8457 1R ~ 9
IR TR HFRA] Y < W% (Palaemonidae) ¢

ﬁpldﬁ (Macrobrachium lar) > =2 ?ﬁ‘ﬁﬂ ?t[[
kﬁ SR KB S T S - 4R A
. 5 FIRA 15 S
(Nutrafin max) > & 3 [IPf 155 f1 4
”WEEF”#ﬁﬁF$WW53H%ﬁ*ﬁ
L5 00 B B FTE I A A
[i5= 7 &1 [~ ﬁﬁl J}'ﬁ]ﬁ‘ﬁfﬁj » G (4 S e
1 PLERL T AU R A SPAUE LR
SR 7#%%-@%}}? J/:Elg@%_[ (Coenagrionidae)
B R R A LS D
RISV LS 1 -

— - HiERR 2 R REEARETAE S
(=) Y

PR BB 53 ) 1S i
G o I BRI R o R kG
[ UE BHE T o R XDV ST
pH fifi 7.2~327% 2.5%4°C .V glutaraldehyde
Wil e pl e 20 53 & > ) Bt U
Canon 350D %ﬁ‘%ﬁ%ﬁﬁ@[ﬁfﬁl% °
(7) KRS

T 2 B T AR I
ﬁgj F RS 2TV ER BN S s o

| pH il 7.2 ~ J¢7% 2.5% [V glutaraldehyde

% 2% .V paraformaldehyde i?ﬁi@‘ TR G
it (phosphate buffer solution, PBS) %ﬂ[fﬁj
FIJHIJ[a“,l-Lﬁ(HI ) I_F[ji/\ 4°C\(]J‘;F'T[ﬂ°|'i‘:’ 24 JEﬁ 0
ST B T W@E@éfﬁaﬁﬁﬁ 3
TR BTV 10 5 E o }{—Jﬁii —*}'Elrfnﬁﬁ
1% % (osmium tertroxide) fft i<t » 5
192 [ ZHEE e Fl ﬁ?ﬁf@zﬁgfﬂdfﬁ
ik 3 % E«* 10 558 - £ 1) 50 ~ 70 ~
80~ 90~ 95~ 100% 4t (ethanol) y&/~H-
I SRR 8 K B 10 ST - i
FEITLEL | (acetone) » 5595 20 538 >
3 o WIRUK[HIM] Electron Microscopy

KR K s ER LS 43



Sciences (¥ EMBED 812 KIT Hl’fi{[@ﬁﬁﬁ
(20 ml Embed 812 ~ 16 ml DDSA - 8 ml
NMA I']* 0.66~0.88 ml DMP-30) - 54
‘Fjﬂﬁ%ﬁﬁﬁ’ﬁ%iﬁf‘% 1:1 J’??*T?TQHIH,?E
2T 75 RS
3 Ve EARE BT - IR R
100% WFIHIFﬁ G 2 JEﬁ E‘u&% (- FE
S PFW\ 80 CHATIE 2 ~ Wflﬁi
FJ1 pm 5 B EH A ’}{ﬁ’%H 11a fﬁﬂi"‘ 55
~60°CUEYy Prﬁ Hiiz7h - ') 1 g Toluidine
Blue O= 2 g sodium borate 100 ml =
SR BB T R
7+ 30 sec o f[VEA 3l FHIH] S ENTT  FIA
BEH w5 %EﬂE #54# (Olympus BX51)
fﬁ, i S5 iy 251 S BRY, T SRl = 3 (Bresser
PMS 3.0) #% -
(Z) fifp= i s h
FIPV BV BRI ~ I A PR TE -
[Fil ot jﬁf PRERRSY R I St B R DT )
Ml i 20 558 - IS FRERD 9 A
E'I » AR o ] S FEERABIE - %?‘WEJF[T*
STHVBE ISR A
RIS (M Fu et al. (2009) ik *E
U™ pH i 7.2 3% 2.5% .V glutaraldehyde
DR o BT 4CRATIE 24 1B
Bz | | RS ARk 2 %0 50 10 388 o
SRBRE L HRAGH T 1% S fli !
Eo W 3 "Eﬁ P E EWWJ‘ Fo PR R
rs‘wgﬁzﬂ%ﬁt 2% B f 10 J34H - AT
30 ~50-70~80-~90~100% “4fit:E = 13
Boogs - B 12 TR - BRI -
»EquﬁiW - A
EEW%@I%%E iz > = S VAR
2 JF“F‘}“] “*L“4 ghrks# (JEOL JSM
- 5600) gum .
(1) B8 SR

ﬂ

‘L |

44 GEESE=T 5N

O AT
BRI SR A4 1] 70~90
TR B TR A ] 2.5%
Fifféf (uranyl acetate) = 0.4% @%‘&%ﬁ
(lead citrate) %o » i) 0.01 N Fu5t (4]
e > I T SegTk i B 3TCAAT
[T > 0 B Bt (JEOL
JEM - 1010) * /%515 -

() I 3 A B I A 1
| [TETERRIRE @ - 5 B
B S E G - BILERECE 3 ik o i

G H;lﬁ't'g 7.2 £ 0.5 mg (n = 30) > HIHH"

T r[ﬂﬁﬁzi (Nutrafin max) 1 81 > I'J [

EIV QHURE - HE 5 5y 2V AHF ) HLER

H 1O FHRSSS  FEmRAmi 4y A

A B TS VA T AR Bk A

K5 ST TV AR H AV AL ‘F‘“E’v‘ TR

TREREL B A :@HL“V £ FLBDR

HJ ° VA FUETRI V- VARV AR
Eg’iﬂf?f’t I B LOTRRE T Er R o
E S PR AR g (=

20) ELNR o FRH] H@;&”lgl I/J;,Iilqu\glbp JET

S 1 R+ 7P A SRR

R R el W o 2 R B

* ﬁ'*ﬁﬂ%ﬁ%@iﬁ?’ RIPFR A Y -

[l F IR PRI 1 AR (0 =

&‘ﬁfiﬁﬁﬁﬁﬁﬁﬂ «w’wﬁﬁg

EERE 0 AT < B

9 LRI -

(h) BPREIRG TP (205 (5 55 A
EVIV2E ?rw?? R ET PR I ?&Hﬁ

FECR o A ”7@.&[;@“ B R 1 JJH’ e

Fliﬁf’%"‘-‘“[,m 30°C » Ffikl 5 o3k -

ST ] [“?F‘}ﬁ}ﬁ?ﬁ%%ﬁ'fﬁlm[ﬂﬁ'ﬁ‘%ﬁiw

B (solid phase microextraction, SPME)

fe %“ﬁ‘F?T’?’?’TFF[ B (gas chromatography-



mass spectrometry, GC-MS) - ﬂnﬁ'%‘wﬂﬁfﬁ
%% Focus GC-Polaris Q (Thermo) » = 5F Vgt
T’?’F‘PFE £ DB-5MS (Agilent, ID = 0.25 mm,
Length = 30 m, Film = 0.25 pm) - ?FE&
Wiley 7.0 ¥ 5 (MRS TV REH ERi ik
7% 75 pmCarboxen™-PDMS » J¥ H fifi * 5k
TTf]?ﬁH' » IR 30 5 Gk o 12T NEVE R
8 250°C > =S o3k - B R PREL S il
& 0.8 ml/min - SARET RS VY
ﬂi 40C > Fﬁﬂi 3o Rl 258 8 CH| I
= 250°C > f» F‘jiﬁ_ 3 JiEh o TEETEY Iz—sa;(g_ﬂ%,y
Transfer line I%{L_EZ 300C - ’?"r%[i VEER
JEVEHIIES 200°C > Fflﬂf*‘[ﬂﬂl B 40~500
amu ° SJFTHEHES e
=) B RLSRS p1 E fVJiF [ES=e5
F'1 GC-MS 75 fHrif ity Fn%g HEIPL 14
‘1”1” fel™ (77 F | B¢ » [[IRLI="" terpinolene [iY
(= @Fﬁ,’g, GAEREINE FL' BASVEH G > H
ﬁ,%’?%? iz %Fﬁpﬁﬁfﬁmfﬁﬁ s P
terpinolene it i &< 3% Gerhart (1991) Jf|
it (Dytiscidae) (™S8[ EFP ol -
E'L (Lepomis macrochirus) [V L HESNER » }H
f' ==V (7 terpinolene i?ﬁ?‘ COfE > R ﬂ |
rlHﬁﬂ?{c[ (Nutrafin max) 1 g &> 17 2% &
Sl > Sl 0.0425 0.425 - 4.25%
terpinolene 3 7 [ﬁji%“é} AT R J%H £
5x 5 x 5 mm VL] -
terpinolene * 7 QLEHEPTYLH Y LGRS
NEEE S R B VAR BTV 1 E > L
BLERACE 3 = iy 1 M EEER] T g
B IV AV S YT FERR 0 b ST R
VA JIF] S AR 1 BRETRIBSE T R
BRI HIVLER IV A RUVRE S £ FYLERES 5 ST
VL B A AR JDF terpinolene Vg%
MIOAEH B ﬁ[%\?ﬂf?ﬁmﬁ . ﬁﬁﬂl?b
05 iR Tu?ﬂéﬁgv AWATVArT A

g *ﬁ B pLEEPR] o F PR £V AFLEER
N EEME TV A YT A
terpinolene [ RS HUAY 57— 4T 1 g
B = M L - FJH”E('LEW‘” El’lz g
T o YIVAERE | TV PR o PR [ £
’Ezﬂf BLELTNE » Ava T Ay [?WW i SR
%% terpinolene ° E‘]J]?i*» R B E | ISR
b HH*J( [ terpinolene [V * = AEH[EE jtifﬂ[
A= R & [?j% s PIES A ‘ﬁ”d'%gv 2
P HVV1E (n=5) ﬁﬂﬁﬁ%ﬁ'
=g B Fbl terpinolene IV * 7 AfH 1~
s W Fﬁ[%ui VAN o IR
terpinolene [ * ﬁﬁﬂlfﬂéfk'bﬂﬁ‘ﬂ“” ; ]Elljf/\i][l
ARG T = F’L&?‘ bR A
tio Fﬁ;‘i?ﬁ@ﬁ%ﬁ'ﬂf SRR i1
T P 2 T T [ terpinolene * T A
BHPYRGHER R o R =4F VBT | 3SR
B x 100% -

7w &R

HIG R BNERR 2 T REBARA NS
L. 9t #gE Y

FRRETTT i s e
m’iwbﬁz&% 'JSI{TIEL& FHVERLE (DB
IR (=) - BRIy 1[?"1?5‘&78"#,‘%’5’ 2RI
U A B
ARSI SO HIPREE TR T
lﬁ[ﬁ[ﬁﬁqhﬁ'{ﬁqflﬁmﬂfﬂ ﬁﬁ%ﬂ* Flis V??’Hﬁ]ﬁkl&'ﬁf’
AR o

ﬁ”“{f ’15'\‘7\‘%<E'I3* | ETLE R E P T
AR [ B> [y T LR
Ll Hl ’ ﬁ?ﬁﬂ%ﬂk?f STECUUNEIRIL
Bl I DTSR s R T P (R
) BN B LR TR T A ’5[ “higes T

KR K o E LS 45



a b

B— AREGENBEEE  AINIERY - () STEREE » Saassehl & HEEE ; () BEREE 20 5748
B\ -

Fig. 1. Eversible organs of fifth instar larva of Aquatica ficta, which is sack-like and fork-shaped. (a) After stimulation,
the larvae curl their body and extend the eversible organs; (b) Fixed after 20 mins.
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Fig. 2. Transection of the eversible organs of fifth instar larva, observed by light microscope. fb: fat body; mt:
mitochondria.
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Fig. 3. Scanning electron microscope images of the
outer surface of the eversible organs of
fith-instar larva of Aquatica ficta. (a) Outer
surface of eversible organs on the fifth to the
eighth abdominal segments of Aquatica ficta;
(b) Covered with flower-shaped protuberances;
(c) Different spine numbers of protuberance
coexist.
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Fig. 4. Variation of the protuberances on the outer surface of the eversible organs of the fifth-instar larva of Aquatica
ficta. (a) three-spined protuberance; (b) four-spined protuberance; (c) five-spined protuberance; (b) six-spined
protuberance.
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Fig. 5. Inner surface of the eversible organs of the
fifth instar larva, observed by transmission
electron microscope. (a) Inner surface of the
eversible organs in the body; (b) Inner surface
of the eversible organs covered with secretion
glands; (c) Hemi-sphere secretion gland.
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Fig. 6. Transmission electron microscopic images of

the eversible organs of fifth-instar larva of
Aquatica ficta. (a) protuberance connected with
hemisphere secretion gland; (b) transection of
the protuberance. fb: fat body.
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Fig. 7. Result of GC-MS of the glandular secretion of the eversible organs of Aquatica ficta larvae. (a) (-)-sabinene,
9.31%, RT = 11.07 mins; (b) terpinolene, 20.87%, RT = 17.35 mins; (c) L-(-)-verbenone, 12.23%, RT = 21.13

mins.

x— FHEENEEEMTHER
Table 1. Identified compounds of chemical results of gas chromatography-mass spectrometry
RT! (mins) Chemical compounds Molecular formula Relative area (%) Identification
11.07 (-)-sabinene CioHig 9.31 MS, KI
11.21 (1S)-(-)B-pinene CyoHyg 0.69 MS
13.52 a-terpinene CioHig 0.73 MS
13.97 p-cymene CioH1g 0.52 MS
14.20 (+)-limonene C1oHys 1.28 MS
(-)-limonene

15.82 y-terpinene CioHig 1.22 MS
17.35 terpinolene CioHyg 20.87 MS, KI
21.13 L-(-)-verbenone CyoH14,0 12.23 MS
23.09 Unknown 1.02 MS
25.16 Unknown 16.95 MS
33.04 Unknown 18.26 MS
37.97 (+)-B-gurjunene CisHoy 0.78 MS

! Retention time
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Table 2. The results of the chemical defense of Aquatica ficta larvae to different predators

Predator Predator Aquatica ficta Attracted larvae Ate larvae
numbers larvae numbers numbers numbers
Coenagrionidae 20 100 16 0
Macrobrachium lar 5 15 15 15
Misgurnus 5 33 33 0
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(a) Bioassay of terpinolene --
Misgurnus anguillicaudatus
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Fig. 8. Deterrent effectiveness of artificial food pellets with different concentrations of terpinolene for different
predators. (a) bioassay of Dojo Loach, Misgurnus anguillicaudatus, and of (b) freshwater prawn,

Macrobrachium lar.
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Chemical Defense of Aquatic Larvae of the Firefly (Aquatica
ficta): Microanatomy of Eversible Organs, Chemicals of
Glandular Secretion, and Effectiveness to Different Predators

Chun-Tai Chen', Chia-Hsiung Wu', Ming-Luen Jeng?, and Ping-Shih Yang'*

! Department of Entomology, College of Bio-Resources and Agriculture, National Taiwan University. 10617 No. 1, Sec. 4,
Roosevelt road, Taipei city, Taiwan
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ABSTRACT

The larval chemical defenses of the Yellow-rimmed Aquatic Firefly,
Aquatica ficta (Olivier), were studied. The larvae, when simulated by touch,
would curl up their body into a ball and stretch their forked-shape eversible
organs accompanied with a pine- odor. Ten pairs of eversible organs are located
bilaterally on meso- and metathoracies, as well as on the first 8 abdominal
segments, just above the abdominal tracheal gills. The external surface of the
eversible organs of the fifth-instar larvae bears many bud-like micro-protuberances,
each with 3-6 spines radially arranged on the top. No significant ultrastructure
was found within the micro-protuberance. On the internal surface of the
eversible organs there are many hemispherical structures, which have rich
mitochondria inside, each of which is connected to a micro-protuberance on the
external surface with a tubule. These hemispherical structures are believed to
be the secretion glands. Four kinds of predators were used to test the
effectiveness of the chemical defense of the firefly larvae. The larvae successfully
defended against attacks by Dojo Loaches (Misgurnus anguillicaudatus), and
were unharmed ejected out of the mouth of the loach. The larvae were hunted
and partially consumed by damselfly naiads (of Coenagrionidae). Freshwater
prawns (Palaemonidae, Macrobrachium lar) were able to mechanically neutralize
the chemical defense of the firefly larvae and consumed the whole larval body.
This suggests that the larval chemical defense is less effective against
invertebrate predators, although the predator may eventually abandon the
dead prey. Using gas chromatography-mass spectrometry (GC-MS), we
identified nine chemical components, plus another three unknown substances,
that were extracted from the larval eversible organs. The identified components
are largely monoterpene compounds, such as terpinolene, L-(-)-verbenone,
(-)-sabinene, limonene, and y- terpinene, etc. Among them terpinolene has the
richest content (20.87%) and was chosen for a bioassay test. Agar-based pellets
containing commercial fish food and three different concentrations of
terpinolene (0.0425, 0.425 and 4.25%) were fed to the Dojo loaches and
freshwater prawns (Macrobrachium lar) to determine their deterrence. Pellets
of each of the three concentrations showed a deterrent effect of different
degrees to the subject predators in relation to non-terpinolened pellets. The
higher the concentration, the stronger the deterrence. Dojo loaches showed a
30-95% deterrent efficiency. Freshwater prawns were less sensitive to
terpinolene than loaches, and showed a 20-80% deterrent efficiency. The
terpinolene secreted by the larval eversible organs was confirmed to be a
repellent against predators.

Key words: Aquatica ficta, larvae chemical defense, predators, terpinolene, bioassay
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