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ARV AR, /N T SRR )35 0.8 s, T TR BEFI R I 0. 34 so PR EAHFIAT, BUHL
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Study on the relationship between the behavioral response intensity of
Solenopsis invicta Buren workers after infestation with the size of nest and

the infestation intensity

MA Lin', CHEN Hao-Tao?, REN Qi-Lin', ZHANG Lei' , JIANG XingFu' (1. State Key Laboratory
for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
Agricultural Science, Beijing 100193, China; 2. Hunan Provincial Key Laboratory of Control for
Diseases and Pests in Horticultural Crops, Institute of Plant Protection, Hunan Academy of Agricultural
Sciences, Changsha 410125, China)

Abstract: The defensive behavior of Solenopsis invicta Buren workers is one of the key characteristics of
its identification as a social insect. When the ant nest is invaded, the worker ants will quickly come out
to search for the infestation and attack. However, the relationship between the behavior response of
workers and the size of ant nest and the intensity of intrusion needs to be further clarified. To this end,
this study used video recording and indoor statistical analysis to understand the dynamic process of anti—

infestation behavior of workers after ant nest was invaded. Our results showed that the nest size and
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infestation intensity significantly affected the reaction rate of workers after ant nest was invaded. At the

same intensity of infestation, small nest workers tended to show slower responses than medium and large

nests. Especially at low infestation intensity, the average reaction time of workers in small ant nests was

0.8 s, while only 0. 34 s was observed in medium and large ant nests. When infestation intensity was the

same, the larger the nest, the more workers gathered after infestation. When the nest size was the same,

the higher the infestation intensity, the more workers gathered after infestation. However, no matter the

size of the nest or the intensity of infestation, after the ant nests were invaded, the time for the number of

workers to reach the peak value was about 30 s. Our results provide an important experimental basis for

further understanding the defense behavior of S. invicta workers and how to protect people from the attack

of them.

Key words: Solenopsis invicta; nest size; intrusion intensity; worker ant; defensive reaction
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ME Y KRB RREH X 12 DX (A5,
2005; FlKERFRGH, 2015, T &%, 2022) . 41
KW ANR B B A, XN AR 4
PN A= G A RN A W) 22 R A5 3 ™ B Y
20 A g ( Jemal and Hugh-Jones, 1993; [ifi 7k
K, 2021) .

W CHESS o TR Z AR T IS A EAT O |
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R R B R SR AT N (Allen et al.
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SR T B, BURAAR BT R AT RE = K AR
R (EEES, 2022) . HNCHZRL K
WOTEBAG T RAGE (R IEMIT iR, 2015;
filiKER, 2021) o

[ AP LT KL Bt AT T T — et
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2019) . Fh Py FiFp A 354+ 47 4 ( Kabashima et al. ,
2007; Zhou et al. , 2014; Lai et al. , 2015; Z=FEL
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fag (TR, 2007a) o WK/ SIHHFE
BNy TR B VIR G, Bl 210 OB 3 R,
AR T BURECR I S, B0 g, 5
BTRE (HBRE, 2009) . HEA N E, 7
1RYUE T AT Dy S s 75 55 WL R /NI 41 53
JEAEA DG, IR 5 21 JCBL B Tk 75 4% U AH O ) @t
PSFfeitE— 2L B . o T B B Z R )5 T
WY R SN R, AR SO IR AZ AR IS 1 T AT
R O e HAR S MR IR 1~ (SR R/ NFIR AL 5 J3E)
AT TR, DL s 20 SO0y B Al A 1 2 R,
X ATTEE G- 08 T BT 21 K WUAG T~ T R A 30
Bt HA SRR T X

1 WSS

1.1 R I8 Hb s R s i S i 4%

PRI b AT T AR BR 1 T [ 5K R A 1 el
e N TAR . IRBG X HFLZ) 2 000 m? . BRI
JEEBEE T R« B BT 22 1 AN [a] K/ i i3
Z 18 Porter (1992) , DAL JCU b W30 Fr (1) )58 30 B
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Table 1 Size of small, medium and large ant nests

I

Size of the nest

ANE
Small nests ( n=10)

H LR

Medium nests ( n=10)

pNIE
Large nests ( n=10)

FEE = AR (cm)
Mean + SD

10. 04 +2. 58

23.05 +5.48 35.44 +5.64

1.2 AEEMBEET TR AEENE

2T KU L 7 R LAY, S K Tk
W SR, A BRmA T A
XU 7 v e LUK 3 AN i B e e %, LA 5%
HOR A T B BRI G e S AT
Tk T X — A8 e 7R I i S B e
ROFE 7 BB R b 2 mo5 Ak [ SR R L
( Nikon Coolpix P1000) . B EAR 25. 4 mm S0
B (FB) 23N FEES I 0.5 1.0 FI 1.5 m 3 4>
1o PR AN [ P rh S, B A7 3 AN ] 5
FEHE S, Mo xR R s & 3 NSO
R R . A B AR RO — MR PR
PRI Ay 3 AR EE, %423 d 58 Rl
i, BRIAIIHAE 13:00 -16:00 17, IR Hb
TR R 22 ~28C, AW 45% ~60% o $fR
FLFWNER TY&RT S s FRaR I 5, WER T 7%
8 min J5 OCHI TRl (UBHE SR E LA 1) .

Camera

M1 segiitrE
Fig. 1  Schematic of the testing
i FBACKMER: h W BRER A & /K5 )% . Note: FB
meant the friction bail; h meant the height.
L2.1 TR N e
SRARAN TR /NS 52 A [R] 56 FE 4 410 A LA

fdi ] Kmplayer & 50 ae 38 A7 %8 R 802k o o
A WO A I E] 5L R R T (0 s) , WL RZ
RYUG, S —k T WO IR, B T2 4=
YU BB T] (HEE) o

1.2.2 T WA EME

MALTE LRI A (0 s) TF4R, 4R 10 s g%
— YR I A P R T TR AR, SR SR 8 IR
(80 s); JFFICH A4 T MBIk f KIS BT 4L 2% 1)
B[] o

AT T T, S0 AR AR ] B SR A A A L
b e MU B I 2 K R o G T T NS N
MRS BOEB RN R, WL
B.Cy, ArILLEAE 0.58 R F10. 82 R £ [0 B,
A A AR A S 1 ORI TR B
B AN =450 SL. S2 il S3. H4h, Zid e
HUCELRE 120092 M 1Y) 3 4% B2 e T AR = 5543
ST S2 FlS3. W E-AER A i I AL I B 3 4[]
DRI 3 FHE 9 % (E1) .
1.3 #HEH

K HI SPSS 25 Btk it A g it ot , H—
Pt 2 A AR 53 Ay S R/ IN AR A 5 B X T R
BRI A 52 ] Duncan 37 52 25 78 XA [R] 0L K
NG KRR AR EE R, T2 2005 1Y 5 B [E]
A e b T s e 22 7 B E e H
DPS v19 SEit# A4 T 08k AR Ak i 45 5 i ] Y
KHo

2 #FRE5SH

2.1 WHEX/NMNISHEEN IWZEHE R
1] B 2 i

W MR (GLM) A3 AT R, b
KN (P <0.001) . IR (P <0.001) K
HHEAEM (P <0.001) 53 52 M £1 KT Y
ZARARIE R DI E] (4 2) o

WCEL T/ [ A AE LR, T W32 R [F R P o
JE T 2 07 I 8] B I NI ARTR] - 28 S UK
[A] (2 3; Duncan Bk 2) o /INICEEZ FNR
LB, T SN ) Kl 0. 80 s, Z 3| Hifz
Tjﬁﬁﬂ”ﬂﬁfiﬁjﬁﬂ“lﬂ%@jﬂ 0.36 s ( F(2,29) =877.71,
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Table 2 Effects of nest size and infestation intensity on response rate of workers

K% Source (n =30) df MS F P
WEL AN Size of the nest 2 0. 484 1 034.244 <. 001
{RYLHEE Intensity of intrusion 2 0. 161 344. 989 <. 001
WYL KN x (2R Size of the nest X Intensity of intrusion 4 0.169 360. 377 <. 001
R Error 81 0. 000
MR FEUH )y R 0.981

P <0.01); ThiEZBIAFREZ R, T i
RERCPR A ABCEE R B, ELAS TR (= PR BE T 114 B g g
[BIAAFAE 22 57 (F(z,zg) =3.02, P=0.07); NS
SRR PR T ROV I B 22 5, 2
) R AR I TR B2 NI ) R PR, P2 IR A
0.31's (F 5, =16.58, P<0.01) .

HRRIRE B AR PC o R, AN [R) R/ CEE i T
W2 AR5 B B ), 28 R A AUl AR — R

(% 3; Duncan Fi&E W 2E) o IR EET,
r B R B T A s I B ) A — B, T /N B
BT WY S I TR S (F,, = 98151,
P<0.01); FEFRILIRET, KNG Ty
SCREF A 2253 (F 500 =2.04, P=0.15); £
R BE T, KWCE SN B ] de b, A SR
Z, /NWCHL RN IR AR, P 3 2 0.51 s
(F 50 =594.90, P<0.01) .

R3 REIR/INE LT KB T 83 A B 38 B 42 1 Y e Rz B )

Table 3 Reaction time of workers from different size nest to different intensity of intrusion

JZWFE] ('s) Reaction time
F L Middle nest (n =10)

fRALHRIE (Hight)

Intensity of intrusion

/NI S Small nest (n =10) KUY E Big nest (n =10)

K24 (0.5 m) Low intensity 0.80 £0.01 Aa 0.34 £0.01 Ba 0.34 £0.01 Ba
24t (1.0 m) Middle intensity 0.36 +£0.01 Ac 0.34 +£0.00 Aa 0.36 +£0.01 Aa
124 (1.5 m) High intensity 0.51 £0.00 Ab 0.32 £0.01 Ba 0.31 £0.00 Cb

T RPN [ B I + b /NS T RARGRICRR /IR I , T WO AN [ 4= e 56 B f) S B2 18] 28 s RS 7 B
BT —F, RER/NSE A T ZEP05 09 N BHE 25 ( Duncan # &t 22%5) o Note: The reaction time in the
table was means + SE; The lowercase letters represented the difference in response time of workers to different intrusion intensities when
the nest size was same; The capital letters represented the difference in response time of workers with different sizes of ant nests after

being disturbed when the intensity of intrusion was consistent ( Duncans new multiple range test) .

2.2 AERMMEZBREIWNMBENE
TEPAF R EE T, AN R /N TR
MR AT 25 50 S WA [F) K/ UL 32 A2 41 )5
THR AR, RO — L0 TR T2
B AR FEAR AT, AN [ /N IR T s 1] 7
B NS (Bl 2; Duncan & i 259%) « 45K 3%
WY, TEh SRR T, AR K/ NS T8
SRR RL, BDERCE Z 2R E 30 s 245
WO FTHCRENFEADREKE, ZFBTR
FETFBEAE B B D> (/N F 5, =48.67,
P<0.01; HIHE: F,.,, =6569, P<0.01; X
WE: F o, =26.18, P<0.01) . [AIEF, #CE K
INKTEZAR P W b TR R B B e, Y

T b TR B SR /N3 DT 2 i, R
@j{, ﬂXEﬁTﬂXﬁ%@g (10 St F(2,29) =
114.32, P<0.01; 20 s: F,, =51.87, P<0.01;
30 s: Fi,0 =93.63, P<0.01; 40 s: F,4 =
111.57, P <0.01; 50 s: F,, =256.18, P <
0.01; 60 s: Fiy, =153.04, P <0.01; 70 s:
F(,. =135.16, P <0.01; 80 s: F,,, =288.75,
P <0.01) o

PG TR AR 3 5 IR OC R S T
3AARLMET R, SORERH, AT LI
FHRA R R /NS 2 AR 05 TRy A A (A
KRB /N =0.9883; il L =0.9778; Kl
8=0.9524) (F4),
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Fig. 2 Time-number dynamics of workers in different size nests under medium infestation intensity
TE: KRG TR AR RN Z h AR RS . AR R, 8 - T8 B2 5, NS T RER
IR TR — WS [R] T, AR /INCEE A7 v 46 5 B 420 i e 1 T $iit 25 5% ( Duncan 37 & i) 22 7%) o Note:

Capital letters indicated the difference in the number of worker ants on the anthill under different observation time after

the nests of the same size were invaded with moderate intensity; Lowercase letters indicated the difference in the number

of worker ants on the anthill at the same observation time after the nests of different sizes were invaded with moderate

intensity ( Duncans new multiple range test) .

R4 PEHEET AR/ E BT RE T E - 83 SEE

Table 4 Model describing the dynamic of outing workers under different size nests

IS AN Y KRB K-
Size of the nest Model Correlative index  P-value
JNBLEL Smallnest N =207.3237 x EXP( -0.01236517) -207.3237 x EXP( —0.07953557) 0.9883 0.01
Ay 8 Middlenest N =859. 1074 x EXP( —-0. 01863317) -859. 1074 x EXP( —0. 07635467T) 0.9778 0.01
FULER Big nest N =5981. 7513 x EXP( -0. 0276213 T) -5981.7513 x EXP( —0. 0415252 T) 0.9524 0.01

T FTrh N FoR L THEE, TFRZEFH5HHE . Note: N indicated the number of workers, T indicated time after the intrusion.

1.6 AEFRMEETIWHBENE

H S T IO AN (] 452 40 5 B8 198 2 I ) Y52 A
5o WIS R 09 BE N Ty A AL LA,
ARG — 2 B 1 BT A7 B W) 9 R AR R
Ja, THCEERS A e s sh A (&l 3; Duncan 74
W) o GRERY], TEARRZIRET, haFi
BT A LSS MAAR L, B 7R B 32 3R 3R
J5 30 s AT B b TR AR B AR TR B B K AH
ZJa TR e JF bl A B R b (AR R
(0.5m): F, =37.50, P <0.01; H {24k
(LOm): F,,, =47.19, P <0.01; & {24k
(L.5m): Fi;5 =96.84, P<0.01) . [FH}, @
ZARIE, WO b T S SZ AR 40 5 R 5 )

BF (P<0.05), UM, ML TEEGBZE
(10 s: Fiy,9 =57.39, P <0.01; 20 s: Fi,, =
30.69, P<0.01; 30s: F,, =105.10, P <0.01;
40 s: F, 45, =276.51, P <0.01; 50 s: F,, =
156.94, P <0.01; 60 s: F,, =136.47, P <
0.01; 70 s: F,, =117.64, P <0.01; 80 s:
F (3,5, =96.17, P<0.01)

UG TR RS S I A B G RS T
3AARLETTRRE, SRR, REURE AL A LB T
FRAFMR LR ET, b SE R TRy A A KL
(HHRAREE KRR =0.9917; H{RIL = 0. 9809;
R =0.9677) (F£5) .
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Fig. 3 Time-number dynamics of workers on the anthill of medium nests under different infestation intensities
{E: REFHRFORA RIS, b B S2 AR R 38 B RIS e b T 225 /N TR0 [F] — W s
[6]°F, w82 R TR 5 AR Y e | T 80 22 5% ( Duncan B & 2 259%) o Note: Capital letters represented

the difference in the number of workers on the anthill after the medium ant nest was affected by the same intensity under

different observation time; Lowercase letters represented the difference in the number of worker ants on the anthill after the

medium ant nest was invaded by different intensity at the same observation time ( Duncans new multiple range test) .

RS TREMBETPUELN T ETWAIRE - HEHTEE

Table 5 Time-number dynamics model of workers on the anthill of medium nests under different infestation intensities

A5 ( Heigh) A LEE3 BEKF
Intensity of intrusion Model Correlative index ~ P-value
= (0.5 N =185.5444 x EXP( -0.0139117) -186. 6003
fERARAL(0.5 m) x EXP( 1) X 0.9917 0.01
Low intensity EXP( -0.077588T)
24 (1.0 N =298. 0487 x EXP( —0.0163827) —298. 9547 x
(1.0 m) ( D 0. 9809 0. 01
Middle intensity EXP( -0.0653617)
miR(1.5 N =5756. 8068 x EXP( -0.029616T) —5763. 8241 x
FEAE( L5 m) ( D 0. 9677 0.01

High intensity

EXP( -0.0325367)

W F/rh N TR TSR, T3FRZZHE0HE . Note: N indicated the number of workers, T indicated time after the intrusion.

3 @St

B P A 2 PR S BRI L AE TSR B —Fb
WA TA51EFT R (Ulrich et al. , 2018) .
RIS — M WA e, R E R 2 — R R
AR R AT A (Allen et al. , 2004) o 4Tk
WORCER AN AR AR, S5 Ka TCHRE I H B
I RIMY T I Ty, AT R RA
J¥ ( Drees et al. , 2012) o Mit, AR5 S

MBLL R, IFa BB NG T T IE R T AL
KR AZAZ T T BAZARAT A 3h i
TErt P R drh R 3, RN S 2 W) A 4
—HETAEH (TR T WRAE R/,
FLTAREE B PR B R /N 23 B 5 et 10 0 A
AEIS AR R RE I, X AR AL S R R A —Fh e L
2B (Gary, 1971) o ZL IR B O % 1%
WL TR /N2 I A I TR R A R O T 8 ¥ R
( Markin et al. , 1973) . Wood # Tschinkel ( 1981)
B, TETZH AN o BUR JE 7 ) Fh e R
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AN T, BEE B RN YR, =T A
Hf, TRk SETE B B #i Y 2 0.5 ~ 1.5 mm
JEFE, AHET BRI OCEE B A LA A AR
WO . AW AR R, WU IR/N R
558 5 A i 2 R e 21 K SR A2 AR S T Y B
W TEFSFH R T, ANCEE T AR R
b R g (AT O RV . X AT REJE KL R
NIRRT WAARS N, Kb, BER B RE 3055
AR AZ P HE 1 A58 %F ( Haight, 2010) o Cassill
et al. (2008) MYBIFFERMT, PIALHIIA A T 0L AR 8
Ry, T lt, EREkaEdkif. R
TWAESRAT 5 T8 B A0 5L By A A G A 4 e AT A T
T Y 2R AR AR P TR B B/ T ( Nowbahari er
al. , 1999; Braendle et al. , 2003) . 1EHIRIRBL T,
WA R AR R A, TR E 2T,
ANICERARLAS R A b REREIR R 2L A0 SR R
W25 R TR 45 2k AR IR IR B, AN T HLRE
MR . T RWCE A TR R R, WAL
JI8JL+J7 A ( Porter and Tschinkel, 1985; Z=
TR, 2007b; ARAPRAE, 2016) , 1E3Z 2R
F, PR, fRAxsEAS SLRE, ROk — i 4L
LI, AR TR R AR R/ U T
RN 22 57, W] RE S 21 K WO B R J s # b iy —
s PR SR, 5y — A BE B T 20 U
FhoxPER M, BAEGR 1)1 1 R

LRARSVEYE B s W Y T S G R T
ST, TERV0REAHRIN, BB, =
PG TWCH B 0 B B 2 78 WEE /N [R] I
RS, e TWHAENRERL. &
SRICEL I/ INFIZ PIE 5 BE 1 AN [F) 23 I8 2 52 M 21 L
W2 AR 5 TR S o R RN A AR e, B
R /NI AR AR BE AR ), 21 K O B
ZAZ G T WO AR5 i B3R W (R 1Y I (] 35 8 30 s
Fedie VRARHE (2007) FRFIEEE AR WoR, R
ZR TG, § A6 TR R 3] 3k 0 1Y i) 7R
60 ~90 s, FHELTAMIIEL R, TICHE LS IE R
MR o LLKWRAT TR S Z B R, il %
JESETDT R 2 (B EAE, 20145 BRIFAE,
2018) , X W] AEJE 1 WL A 45 R 22 e 0 OCHE I &R
TR AR AT S 1 I 8] 3 2851 B E AR 2 — 2B IR A
9T ASCHYBTFELE R Ty itk — 20 T R 21 OBy
BetiAT R, VAR AT B 47 A AT f T 40 K R I
e fit 1 B SR AR .
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