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Preliminary study on chemical cues involved in necrophoresis in

Solenopsis invicta

GAO Jie', XU Yan—Qin2 , WANG Wen-Kai’, CHEN Li"" (1. School of Life Sciences, Institute of Life
Science and Green Development, Hebei University, Baoding 071002, Hebei Province, China; 2. School
of Agriculture, Yangtze University, Jingzhou 434000, Hubei Province, China)

Abstract: In confined and humid nest, pathogens multiply quickly on the corpse of dead ants, which
pose a direct threat to colony health. To prevent spread of pathogens from corpse to healthy nestmates,
worker ants recognize the “death signals” released by the corpses and remove them from the nest. In this
study, we used a solvent extraction method to extract the compounds from corpses of workers of the red
imported fire ant, Solenopsis invicta. A series of transformation experiments were performed using
conventional chemical methods to obtain different portions of the extract that contained esters, fatty acids,
cuticular hydrocarbons and piperidine alkaloids. They were further subjected to behavioral test with fire
ant workers. The results showed that the n-hexane extract of fire ant corpses displayed strong necrophoric
activity, and up to 76% of filter paper pieces treated by the crude extract were moved to refuse piles.
Esters, free fatty acids, and bound fatty acids all elicited necrophoric behavior with necrophoric activities
of 40% , 28% , and 19% , respectively. Methyl esterified products of free fatty acids retained necrophoric
activity, whereas methyl esterification of bound fatty acids resulted in loss of necrophoric activity. In
addition, corpses of fire ant workers released other unknown components that might be able to trigger
necrophoric behavior, suggesting complexity of “death signals”.

Key words: Solenopsis invicta; fatty acids; ester; cuticular hydrocarbons; alkaloids; necrophoric behavior

HeWH: EFHESVPRITBIE (2021YFD1000500)

fEE RIS @A, B, 1996 44, WImREA, Wssd, WFEEA RSP, E - mail: 923015588@ qq. com
" BHAEE Author for correspondence: B3z, i, B, BFZEE, BFSEN FOMLSES Y, E-mail: chenli@ ioz ac. cn
Wk H 3 Received: 2022 - 10 - 16; %52 H ] Accepted: 2022 —10 - 28



6 1] o AN LR R S BRI A WEAY 1459

otk B HUE SR REANE, U DMRSE TR,
JRHEAT 1) 9 i B B2 A HL T BE S TE AR P P
LR AR R 5 A 1 B Rl o U A S A
VA 1 B OCIRARE , BE T A A T R T A e TR
( Chouvenc et al. , 2012; Sun et al. , 2013; Jouquet
et al. , 2022) o T UIBCXFERE I, AR
H G W Ak H 22 A R R R gl S A L B A
WA 1) RSB T /Y T 3h g I 3
7, TR B OAN BB T (R R L Temnothorax
unifasciatus) ( Heinze et al. , 2010); 2) fadfE T 4
EORE [F) A B P AR B ZE () I M Temnothorax
lichtensteini)  ( Renucci et al. , 2011); 3) f#FRE T
WA R R AR AR ( F5T5 AR Formica polyctena)
( Driessen et al. , 1984); 4) (g5 T 0B F4Em P
4% 1 8 9% ( Romanes, 1882; Bot et al. , 2001;
Diez et al. , 2011) o A} g3k 18 2 AR YL A H 2
F-Et (Diez et al. , 2013a) , ¥ 47 ME4 KL%
Wb, a0 P S W fk B Pogonomyrmex  occidentalis
( Zelagin et al. , 2018) .
et al. , 2005) . & ¥k kWL Solenopsis fugax ( Moser,
1963) . 41k W Solenopsis invicta ( Howard et al. ,
1976) FIRR M /NLT B Myrmica rubra ( Diez et al. ,
2012) L

i 7 AT Oy S B I AT B — BRI S T S, AE TS
MR SBEIR D R E B 0, TEBLAME L FE  HE
AR TR P UM FE T A48 1 ( LopezRiquelme
et al. , 2006) , “EA Tk A B A A 5 5 BUFE
TR SR FI W IR A A G RS, R 17 i &
3K fH # ( Trumbo et al., 2010), B &
(iridomyrmecin) HIR B/ ( dolichodial) 2P 4R 2E
WY Linepithema humile /4 v {55, TWAET: 51X
PRSP R B PR 2, AT 51 2 T B3 i
474 ( Choe et al. , 2009) . MUY AET )5, Hil
SRR A A 0 Wi T R 3 sk A R L TE A R T B AR
RAMHTARS, BT LB ( Lockey,
1988) o JEMWIHR 78 AL T 15 5 /2 15 1 4 itk A 7 4
W EEAAFIES (Yao et al. , 2009; McAfee
et al. , 2018) , FE4E R ZH W ANLT WE Myrmica
WM& Pogonomyrmex F1:K W J& Solenopsis H1] {2
TZ7E ( Haskins et al. , 1974; Diez et al. , 2013b;
Qiu et al. , 2015) .

CLKIRA R IR B R S8, il bR
L5 (OPB) Ak wEz i (CSP) #RRE
M EY BT, Hoh sz 21 Si-CSPL i i U3

Messor sancta ( Challet

TR RN R R 4% T 4% 4724 (Qiu et al.
2017) o LLKBUP S A BRI MR, X PPl
TR I REfE HELT SO P AT, O HOHk R s
AT (R84SR, 2018) o bk, Z0k
WOPRIARFRR 1, 2—URBEFE S SE (1,17 1,2-
ethanediyl) bis-piperidine) {9 & &t fE 52 W {2 T
ORI FN %2 3 B2 ( Qin e al. , 2020) ,
It ELA e MOk S 5 P AT S R, BE LSRN
HEEFHREPE (Qiu et al. , 2020) . X LE{FHE
FEHHBZMA Z1 SR T A7 A 19 ) B AN AL A il R
AR , A2 1% H & 5t BB 52 ey L i 1% 4
TR0 LKW AR AR 3 226 5 A W Bl A g o
B — RN ZRREY), HE IR, i
B/ SO 1IN O SN i - 3 SN U B B S
( Blomquist et al. , 1979) ; FETihER. WihfRA11,
2RIESL LKA, AR DI e Bk AT A
HIHGE . AT B TEis G PR B s, s R
FE LT JOBCHR B T R 5 B R 7 AT O 0 3 R
SARTT IR 7 AT oA ) ) 5 B S

1 MRl5RAE

1.1 ##l

PR 20 KBCR BT ARA TN R X
J B IR X P o SR B 1 W 5 A Y R
WA R IR RIF IR IBRME & (25 L)
B 2 d 5, FI/KER O 3 545
g ah, o AR T . 2 B DL
TKFI20% FEEAK , BERARL 3 ~5 LRI R M
Fi, EANmSE (REE25 £1°C, MXBE 60% ~
70% , YW 14 L:10 D) o
1.2 IE 2R BRI L0 A B P 1T AR 20

TE —20°C JKAH T8 URLL OB T 0L, 1% 48 h
FERIARICO ¢ R, 43Ol 120 mL a3 0F O e
BANZMR, K 12 h, IR .

FBWAEE 2 WL R IRRE S, YIS RPRTE R
YL L (2 mm x4 mm) , FEARHH 20 SUEAT LK. T
WRERIG . #4520 MUEAUARRTE ¢ =4 em [W4RTA
b, RIEHMBEAURAEB AN TH 3 om AL E,
£ERA 5 min WEIF 0 S GS 20357 HE AR 4R 4
it g 60 mine FHIE O ke Ab BE 1) 38 48 55 1
SRR, AR FRANT IR E A 4 K.
1.3 SEERSSRmEALEXT O AR E SN

B 10 mL T 807 R B 1F 2 b 82 BUR, in A
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10 mL 3RFRIF W (10% HCl) E{ 10 mL 58 5 % W AHa (BRERALER) F1 b (GRAIALEE) 5 KA E

(10% NaOH) , #i$k 30 min J5 /] 10 mL {4l F
CUBEAEH, B 3 K. AHAHERS G IR L TK
BRBREN T, g, fEM4s2 10 mL, 33151

AZE 10 mL, 52K a (RERALE) b (5E6
REFEY o F2 1.2 A5 IR AT JO RS A HLAE a-
b FZKAH av b BT RN (DL L)

PEHUE Extract

(o )

10% HCI 10% NaOH
‘ A b a Kl a HHUA D KA b
Organic phase a | | Aqueous phase a Organic phase b | | Aqueous phase b 10% Na,CO 4
AL ¢ KA
L Organic phase ¢ Aqueous phase ¢
FEMEKES B Oranic p e e
Silica column separation 10% NaOH BRfl . ZEHL
l l hﬁ Acidize, extract
REHANEY HEAY, AL A Kiitd ‘ KA ‘ EA
. ’ S
Cuticular hydrocarbons Alkaloid Organic phase d | | Aqueous phase d Aqueous phase ¢
PRk, AR
Acidize, extract BF/CH;0H
Jd:[ ]’ FAME'
KA e
‘ Aqueous phase e [ BFAs ]
BF,/CH;0H
FAME
KL BESEE KR 5 S W By s 218

Fig. 1

Schematic representation of methods used in studies designed to test the chemical cues involved

in necrophoresis in Solenopsis invicta

1.4 JAWHRPESHEEER
(1) B 10 mL IFE O BE$EHUM, A 10 mL
10% Na,CO, W, %+ 30 min J5, B 10 mL &%
aiFCh AR, EHE 3R AV GIFES
TOKBRBREA T4 HhUE, Haik4i % 10 mL, 753
AHUH e; AKMF 3 E R Z 10 mL, 153K c.
$2 1.2 7L KOS B MU ¢ FI7KAH ¢ BT
KR o

(2) FEBOREE SO R B AT, n0.75 g
RERZ (300 ~400 H) , fn 1 mL 2B (1) $iyf
BUAH ¢, 43 1 mL @354 E Cbe, R A
TR i A, WSO R TS A v B i B B A
Mgy, it GCFID 43HT, K A R B it e
IR 2 s REREEY (CHCs) FAY)
i ( Alkaloids) , FForilk4i = 1 mL. #% 1.2 57
PR LT N 2 AN A TR S o

(3) W4 mLBBE (1) FRIAHLHE ¢, A
10 mL 5®H8A M (10% NaOH) , $5i$E 30 min Ji5 i
PZEW TR Hhug. W (AT =

4 mL) , SEIEYA do KWL E 4 mL, 15
FZKAH do B3 mL 7KAH d, HIR SRR A IR LS
HEATAEIUERAE , FKAHER e 22 3 mL, 13E/KAH e;
TIRAPAT 5, 42 3 mL, 52 VAHSS
EANR 2 ( Bound fatty acids, BFAs) o HX 2 mL
A BUA BFAs. I A 4 mL BF, /CHLOH 3. 65
MR RONE 90 min, FN /K #EAT A HG T HhUE.
WA (ANUAHZE 2 mL) #81EE, BEAPHESS
SHe B BR B Bs ( Mehyl esterification of bound fatty
acids, FAME) o 4% 1.2 95 77 R 21 K 00 A AL
M de KA dv A LA BFAs. JKAH e A HLAH
FAME 9474 S o

(4) B4 mLABEE (1) FHYKH e, IAR:
Rt EBUS AP W 2 3 mL, 155
AHAH B IENER ( Free fatty acids, FFAs); 7KAH
WAERZE 4 mL, {EKA ¢’ B2 mL A HLAH
FFAs, fin4 mL BF,/CH, OH W, TEEIRT RN
90 min, MIZKHEATHEEG TR HhUE. W4 (AL
HHZ 2 mL) #4EE, S EAHVIHE A BRI H B
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( Methyl esterification of free fatty acids, FAME’)
iz 1.2 57 B RLL KO A HUAH FFAs KAH ¢
A YU FAME #4724 KL o
1.5 RS

FA5t i1k Microsoft Excel 2010 F1 SPSS 17. 0
(SPSS Inc. , Sc[H) HEATELIR 0 AT, PIPH HLECR A
LRRSE AT, 2 HUBOR H Tukeys-b (k) Azl %
H ) 25 5

2 #ERESH

2.1 IECKREUR X A BB P T AR

B s [ A HIE K, 4T Kl T O W I
PRI B U8 4R 25 s R i . A€ 60 min H,
TR 1E O b $2 B A4 98 4R 2% A 452 R A 3
6% , WEETFXIEE (P < 0.05) (K?2), #
B IE O b BE 45 B i S 40 K Uik 7 47 o i ik P

2
H 7o

=)

| CJIF BV %% Hexane

WU Extract

)
T

S 8 R 3 = S
=
= -
.

(=]
—F 2

N~ O
T T

5.10 15 20 25 30 35 40 45 50‘55 60
BB (min) Time
B2 20 KT s A IE O bR IO
UEAR SR MR Bh SR Ak

Fig. 2 Dynamics of the number of hexane extract-treated

=]

T2 B AR B0
Number of filter paper pieces removed by workers

filter paper pieces removed by Solenopsis invicta workers

2.2 RERFISEMALIE XY LT AR P S S R R

PEBGHH R AL B JG ,  £1 OB WO TR A $ 5
WA MU a (DEAR SR 12 5 Fifi 7 A 0] (4 3 o iy 3
Jie 30 min J5, A HEBUEFIA DL a IEACA
it T KA a AN IR (IEC kL) (P <
0.05) , {HIEHUE A HIAH a Z B A B 25
(FE3) o FRBURAWAAES, 20 KT BN TR A $2
B R AR A5 IR2 f 7F 40 min J5 525 TA LA b
FIKAH b 7E 60 min B, AHLAH b HHRiE & 0 & &
TKAH b FIXfRRZH (& 4) o

353
(=
d

| O IF 2% Hexane
37K 4 a Aqueous phase a

L BV ALAH a Organic phase a
DL PR Extract

—_ = = e
N A~ N
T T

TR IZ PR AT A

Number of filter paper pieces removed by workers

4 [ 4
5 10 15 20 25 30 35 40 45 50 55
[571E] (min) Time
K3 10% HCI AR B IGROT IE AT Ak iz B R sE i
Fig. 3 Effect of 109% HCI treatment of the crude extract

on the removal of filter paper pieces

20
O IE E %¢E Hexane
18F B3k M b Aqueous phase b
6 B HLFH b Organic phase b
16y LK Extract
141 a
s
12}

T B DR AR A 1 R B
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Number of filter paper pieces removed by workers
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i) (min) Time

10% NaOH Ab 3 H HUR XTE 4R 25 2 1 52 1

Effect of 10% NaOH treatment of the crude extract

=
CTRES
IS

on the removal of filter paper pieces

2.3 SRR MR T ALK RNEMIEER

F Na, CO A FRERBOR JG , 21 KBTI A
PRIBGR ) B8 4% 25 W2 T AE 55 min J5 B35 T AL
HH ¢ FKAH o, 5 PE MIEAUA IS B o v
Z5, HEEES XA (IECk) (P <0.05)
(ES5) .

21 KT WO A FEZ T4 B A WL ¢ 15311
TR EACE YT 1 R AR A BB AE 55 min J5
XA (Fdk) AREEER (P<0.05),
HHARZ 2 m ST A ¢ (B 6) o SRIMTLL kI
TSR A A 20T 4 B 45 B 1 A P e 43 1) i AR

FRMm AN IRAL (IEC e P ) A B
Z5 (E7) .
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201

O IF E %€ Hexane

18} KA ¢ Aqueous phase ¢

16k Ej/ﬁiUH‘E ¢ Organic phase ¢
AERUR Extract

12t e

TS AZ Y8 A0 2% N
Number of filter paper pieces removed by workers

S N A O X O
T T T T T
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18] (min) Time

5 10% Na,CO,4b FRERIGRON U8 4RSS 1 152 )

Fig. 5 Effect of Na,CO, treatment of the crude extract

on the removal of filter paper pieces
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18] BREMmAAY CHCs
B HlAHc Organic phase ¢

T RS IR AR R

Number of filter paper pieces removed by workers
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B E (min) Time

K6 3R BmRAA S Wi o 0 IR 4 ks B2

Fig. 6 Effect of the fraction CHCs on the removal of

filter paper pieces

FHUH ¢ F NaOH ZbBRIS152A AU d FuKAH d,
ZUKI T TR A A HLA d B8 48 & i 2 7
35 min J5 W E KM 4, SRR d D8 4R AR
B AT AT 2R (K8) .

JKAH ¢ FIZKAR d AL AR BUS 53 53145 217K AH o
FUE IR G R FFAs LU KK AH e FISh & 25 I8 W iR
BFAs. 7KAH ¢ FIRRAL™ ., 21 KT BUAE 30 min
JE X B H g 7 R Ak B i U8 4R A s 1 B TR
M2, A H Az & W F R T/K4HH ¢ (P <0.05)
(E9) o KA d L™, WRALE S
iR BFAs Ab 3R & 4055302 & i 3 1 T 0 R 4
It HHMz B T/KA d (P <0.05) (& 10) .

=X
LEEN
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IEARA I H R
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X
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Fig. 7 Effect of the alkaloids fraction on the removal

of filter paper pieces
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Fig. 9 Effect of acidification of organic phase ¢ on

the removal of filter paper pieces
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18F  @/KHM d Aqueous phase d | OIEC % Hexane
16k D7J(7fHeAqu\eole phase e 18 Dﬁﬂﬁﬂﬁ”ﬁm FFAs
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SRESE
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——T—— T
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Fig. 10  Effect of acidification of the aqueous phase d

on the removal of filter paper pieces

BREE A2 MG W BR X 21 K L% A5 A — 2 i
SEM, AR E REAE K.

FI R D7 R AN 45 4 5 R i 1R 28 W Sk Ak B
RS R P G, 20 OO T O R IR R R Y
AL = 2 B G55 A R g1 7E 50 min J5 4
BV H IR ER 1 P LAk =) FAME ') 38 48 4%
W E T R4l (P <0.05) (& 11), T
BV 45 A S IR BT R G F LAk 7= 9 FAME #9318 4%

FEEAX AT 2R (P < 0.05) (E12) .
201 O1F 2 %¢ Hexane
18t S HMIRNIR FFAs
B iR H ik FAME

—_ = e e
= I e

S D BN 0
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11 F AR i 4R 2% i i ) 32 )

Fig. 11  Effect of free fatty acids on the removal of

T AE B AT A BB
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3 @St

WAL A AT O BE DA o D R R PR3P
FEfRRE . TWOET)R, A7 9 T O S8 400 P it e
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bf= I b
L Al ﬂb b [ B,
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Fig. 12 Effect of bound fatty acids on the removal

filter paper pieces

RSIEN AU 9 G A ERSSI R VRS i s=EIE WI¢ /)
G HE (Hart et al. , 2001) o A7 WP IGE 254
Hw AT R P IR A s, IR ss
{&4% ( Pereira et al. , 1992; Jaccoud et al. , 1999) .
P )7 45 A AL B UIAH G ( Guamna et al. , 2015;
Qiu et al. , 2017) . ARWFFTLERFR TSR EA
IEC PSRRI AR s B 5 P e (K2) , W
IHEF AR A YR, A RESS S E R
#4578 ( Ulyshen et al. , 2012) ,

FEox P H 3 B o R SRS A T2 R G
WAL 27 W 5w i Ak & 4k 7 4T O ( Haskins et al.
1974; Chouvenc et al., 2012; McAfee et al. ,
2018) o ASAIFFE i Ik ) FH 5 2 3% 2 JBCIR P 1) i e
Py I AR5 B 5 e IR P Y TR P ) T ok w0 26 i
SR AT R BAE T W AR R R BRI P
INFEW A= Py e 0 A AL AH a A7 AR 9 1Y o S I P
(E3) , miBRisEmRMEY B Ans IR 5 A AL b A
—E MR EE, AR ERTRBOE (K 4) . X
SEgh IR 51 £ SR AT O i M) T B TR
PE, HAES R4S G SR o i, X R EY)
ARAT ] RE 2 T AAR 7 R 2R AL G W - T A AR 17 iR
e EAEZ H AW AR M Pogonomyrmex badius F1E
V4 kW Solenopsis saevissima B 7 474 ( Wilson
et al. , 1958) , JMER AV IMERULAES | E LT IO i
478 (Qiu et al. , 2015; 56155, 2018) .

FHESTK Na, CO, b HEIFE O L4 UK, BREATEA
PUAH ¢ Hrm g TR A AE /KA ¢ v, R R 1k /K
HH ¢ JERURERS 2 & N D5 PR 1A AILAH FFAs A HLAH ¢
(&8 MRE AR 45% , (KT IF O et Bk i)
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Wiz K 69% , AHETIECKENIRZEFE 9% . XLt
R (Bl5) RUIERTE— &R FRgs R4 T
W AT R . MAKAH ¢ (EARITIR) Bz AL
T35% (CNIECKHIEBORIRIZF ) —F) , nHER
IKTEVEAR Ik R 5 5 . 3 35 T i ik 1 J% 32 31 1) g
TR FEAREAIG, DA AR T IE AR 25 () il ¢

THERA DA ¢ dhZ FlSR AT AR, SR B HE
PRFEBR S th 25 B8 IR TR, #5BA YA d F1
TE AR KA do 27 IO T WONTR A & 45
BRI KA d B IR AR S5 iz AU 15%
BEART AV d FIEARAIRE % (40%) ;. AL
A d FIZKAR d 4Gz SRR R S AP ¢ Bz 3
(57%) AHY. XLLghR (& 8) UWHIAHAH ¢ &
AR T R FNNG D7 R A 0 HAB TS MW B, X 21k
WP AT A AR 20 ORIk R 1,2
TWRBERE 28 ((Qin et al., 2020) n] BERLLEA HL
FHd e

THE GBI KA d i ZEBUS 15
FKAH e FIZEGAIRNIER BFAs, NGS5 S5
fik BFAs RIS % is M (181 10) , UiBAgh
BRI AS LT O AR SR (5 7
BEEG BN IR W BR AL S, A5 269 A8 7 B8 P g
Hg P s 2R T4 A 8080 (E12) , XUl
LGB NRIWTIRAE P ER )5 2k TG

TRRWIFR /KA ¢ Mk ZHUSTHEIKA o
FUH HARWITR FFAs, FFAs R ER7 M, B
W& T /KA ¢ s BARKAE o "B IE AR Sk iR i i mE
B TXT IR, HEAFAEREEER (K9) . X
LeZE LS AR TR /KA o Hr iR P i P o
BUEAWMARIIER . K B R TR IR AL =2 )5 A5 3
JEMIRR R FAME”, #% G PR A 284k (& 11) ,
Vi FH R AN B2 me) [ H 1 D R 1) 1 A o

ST IO IE O Be 4 By 385 A R ik Ak
EWVFIIRBEA: )R ( Liu et al. , 2017) o X5 BRY
AN ¢ BAEHATREBAEZ 208, AT DA 24
Tior: KRBk E AL Wi or AR YD B ar e R K
REAE P i o R B 0 R T TR (23%)
(Kl6) , VLR REE Y SEA W EME. A4
I R M SO0 | e T DO B R S
(E7), BLIAEYA 25 T8 17 8.
W s ELA AR s A SR, AT DAGE i R ik & Ak
BYRARIE “RA”, RIMEIET-AR AW I b A i
¥ 1X 43 (Diez et al. , 2013b) o 1 KBRS Pk
BRI RE L e 0 oh B A AR B A P AR, JE R A

IRSBARSEREE (Qiu et al. , 2020) , A 32 ik
AL A YEA TR IR TR AT R

ZE L FTIR, AHIESE XS 5| LT K WU AT O
PEBRERZE LR [l IR R 2 5 | A 2 K i
AW EREY . HHIETRRZ E R MIRE
Y, B TR A IM IR AN, HAAGE AT WL oy B
BTN — B N EERIE. AH
NE TR 1 #8701 TR A ¢ (1819) , AL
AH e A1 d B B R (S T 8) , i
BIBR T B AR MR AL, BAF7E 2P BRI IE T
21 KA A% A5 A 5 P 0 5
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