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Abstract: Crematogaster rogenhoferi is a native ant in south China that coexists with the invasive
red imported fire ant, Solenopsis invicta. To explore the mechanism of interspecific competition
between C. rogenhoferi and S. invicta, the competitiveness of C. rogenhoferi against S. invicta at
one-on-one and group levels was tested. The contact toxicity and repellency of crude extract of C.
rogenhoferi venom on S. invicta were evaluated as well. At the one-on-one level, the aggression
indexes of large workers, medium workers of S. invicta against C. rogenhoferi workers were 2.03
and 1.97, respectively. S. invicta contributed 85% of active attacks in which aggression indexes
were over 3, and their attacks were mainly physical, while C. rogenhoferi workers primarily relied
on chemical defenses. At all group levels, the mortality of S. invicta was higher than that of C.
rogenhoferi. In the 10:10 combination, the mortality of S. invicta reached 60%, and the mortality
rate of C. rogenhoferi was only 7%, indicating that the latter had significantly stronger
competitiveness at the group level. After sting was sealed by nail polish, the mortality of C.
rogenhoferi increased to 75.00% in the 10:10 combination, suggesting that its venom played a
crucial role in competition against S. Invicta. The contact bioassays showed that the mortality of S.
invicta increased with longer treatment times using different dilutions of C. rogenhoferi venom.
After 48 hours of treatment with an 8% crude extract, the mortality of S. invicta exceeded 85%.
The repellent rate of 10% crude extract of C. rogenhoferi venom was 81.67% against S. invicta,
slightly lower than the 91.67% repellent rate of 10% DEET. Other concentrations of the venom
extract showed significantly lower repellency compared to DEET at the same concentration. In
conclusion, the chemical defenses of C. rogenhoferi provided a competitive advantage with S.
invicta, and its chemical defense compounds exhibited high biological activity against S. invicta.
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k¥
1 MRS
1.1 it agay

ZLBCR T M T ARG X S BB AT A LRI AT M T e X ek g . B R
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Wi 55—77 (Suarez et al., 2002) o TEIMZLANTVEL H, R b s 8] R FH 1) B 77 200 M
TR B AR BT A B B 3 R, gl Sl A SR B, A i A
SRR AL 2 B, DRI TR G Moty o AR i —xf — b FAL R E 2 M
FINELRBOR B T R 28 E I T, BN S ER 10 IR

AR R B R BORBE T R A X R

o _ RBGE x KB
Bedas = Tt UM

TR (%) = GETBCE/ AR ICED <100
1.3 K5 RAHZ R WE) B A BT 1T AN E

2T 5 SEAB 2% I ST (A 5 B 4330 50+ 10 30 = 104 10 : 105 10 : 30, 10 : 50,
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THRIET . FET ARG I H W L AN e BTk AN E S 10 K
1.4 BARZI I E BE SRR B AE SN E

A5 4R FH i B TR AR 28 IR A B B AR s, DT BELDRT FL A WA ANV S 5, BTGV
JECRE IR 1) SR AR A4 BS54 K AT ST O A . BB BT (1 AR RS IR S5 41 KL 10 = 10
(YR LU B EAT B AR TS U 5, 5 8 IR0 T AR iV P A 258 I 5 40 K S A 5
Foxt L DAHERR TG B AR RS RO R . VRS AL L0 KR KR TR R R TR A S
oo B 2 Fh WP AR AR O A — R5 3R IR (90 mm) P R AT B 44 Mo e P2 U e
WA IFIESR S h T BIET/MAR, TFRAETIR . SETT RANRE IE 8 35 L 1 AR ) A e T
AN RTE R R IO A TSGR (R I R SR B R 7, BRI E R 2 NIGE, AN
HEZ 3R
1.5 BABZ R SRR IR X 4T ALY ol 3R R O3B SE
1.5.1 filof 2 700 €

A8 FH B 20 35 T 0 PR A 28 I R RSB FEMRS00 L, A 500 pL PR A R i 2
B, 2501 mLIKES0% ISR . #235 T B KE 53 V80HL B2 400 20 S0l W B 8%
6% 4%~ 3% 2.5%MIVET . FEAMEE (2021) WFIFER, 10% K B4 KGR A AV 5
M, DR AR R e B P TR S BV A R R RS L w3 O AR A 20 T 20 KK
R RT T AR b, 4 A B P BEIR AT SR DU SR S M AL ek (250 mL) 1, 42
BE10%HE/K, MELIC3%24 hy 48 hy 72 hZL KWUMFET 1K DL, ANBRIE R 35z, H/AT3% 2
WENAMAE RSETAME GERE, 2017) o« BMNKREERIR, FAEZMEH25% T
BRI 2R . DUABRAE 2 A0 I CREAZRSE, 2022),

TR AR: TR (%) = GUT TEE/AE T x100
1.5.2 B yE P I

KPR AR A HEAT IR EVE R (BHOR5E, 2003; M TEFHSE, 2008) o FEPI KXY




FERIPEERIELR (9 em) B30 s 300 pL I 4 WA FI SR IO ER MDA, RV RIdE K S TETE
YR JE B SR PR T A R K, LR TR A (1 of BEURD A R I AR IS ZE BS FR 0L (9 om) P K T
BN FRI A, 10555 minfi X FEAT P 84 12 B 10 TCRE (1.

B D BIFREN: 10% 7% 5% 3% 1%. AWFFURE, WU 20 KO
A0 GRS, DUIREISIZ 1 AR IG B VEXT IR (He et al, 2023), [F) SE 4525 IR 8035 00
PEVRRREAR FIA5H, DAL R 245 I SRR VRO B 0 1) B 0RO S 0 v L P T Ak 8 g
PRI Bor, PN 20 K BX8E 2R 9 —0.85 + 3.45, 33N 7R B VA MR I IR 4R 5 25 I AL BRI
AUFR TWRE R E 2R, Ul HERR IR R0 T (B . 20 KT IR AR 50 %
B TTT L. RENREEE S 3K, R AT 205k T, MRS R E 2 A R
H,

IR AR: R= [(C-T) / (C+TO] x100%

R FRIKEER; C FRonnf IR FA% B i T SRR A BB AR A5 B 1 U

i
I * 2
\

i}

.
S

Pyt g pupic!

Treatment Blank control

Bl B G 2 E A]
Fig. 1 Repellent test set-up
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BRSO AT IEAS AT IS, A IR 20 A (VB0 1 P o0 DR 38 7 22 0 BT kAT 7 28 5% 1
s, T TEFER, EHREERTT Z 0, JHEH Tukey test #E47 2 EHEL X TA
P IR0 A FN T ZANSE 1, {# A Kruskal-Wallis test 3478556 (Tang et al., 2002) . Fif
Hlls 73 TP 1247 T SPSS 26.0.
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Fig. 2 Aggression level between Solenopsis invicta and Crematogaster rogenhoferi in one-on-one competition
e R1AIR2 43 HARRZL K CR B A 2 T, B AR BAB 2SI T, Note: RI and R2 indicated large and medium-sized
workers of Solenopsis invicta, respectively; B indicated Crematogaster rogenhoferi workers.
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85.00%, % T B ZE I E S B I EL ] 15.00% (U=11.5, P=0.001). Tfij £ KB
BT B R A B T EL By 92.88%, ik 2 i T A I A B B ) Ee ) 7.12%  (U=0,
P<0.001) ZL KUK Hp B TS0 0 J6 4 28 I 0 32 B Bl BU il ) oA 2 2% %2 5+ (U=52.0,
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Table 1 The aggressiveness of Solenopsis invicta against Crematogaster rogenhoferi in one-on-one competition

FHHEHEA T (%)

Percentage of active aggression

K2 T4 Large-sized worker A T4 Medium-sized worker
21K S, invicta 85.00 + 10.67 Aa 92.88 £ 5.00 Aa
WARAIEL C. rogenhoferi 15.00 + 10.67 Ba 7.12 +5.00 Ba

e RAPEIRR 10 M EZMTFIE + bRl E. 2ESHEREL-BRE U, RPRVRENS 28, FETHE RS 55
FornZRAEZFE (Mann-Whitney U test, P>0.05). Note: Data were averages + standard errors of 10 replicates. The same lowercase
letters in the same row, and the same uppercase letters in the same column represented no significant difference (Mann-Whitney U test,

P>0.05).

FELL KSR T R AR 28 IR TR AN AR I e AT ik, SO 31 28 IRZLKICE
ENIEAT N, HP WP G 85.72%, BIZLKUSUAE A L S SR 24 IR, B Il A
U A IR A BT o 14.28%, 1110 SR AR 2 IR AT MO il v A Ml . AR B 3 4Kk
AR BB B, FRAR A RS R A S M T B 1L S X i 2 A



Wit o

FE AL RIS B T 5 R AR 28 I T AR I AT e, OISR R 55 ALK
NUiAT R, HP B L & 94.54%, I 5.46%, 1 SRR 28 IE WA LAY 2 B B
XFo WA 7 YRS IE N F AN Bt b, FRER DML B 2K, AL R R
it A 42.86%, I 57.14%.

22 RWE EEEEWE AR BEAIEITA

LLMLY R A I B R M AT I E 5 R o, AR PTG A B RS
LI T AR TN 24.40%~76.00%, T HEH 45 IR LT %N 3.00%~13.00%. 421
KL A 25 PR L O 50 2 10 B, Z0KIUET: 3N 24.40%, 23 & T 5 1 9.00%
(t=5.243, df=18, P<0.0001), 15 B S 4% HE WU BEAR 55 4 B8 ) W i 20 kL. AR 24 IR
B AR FEAA, KRB R E 10 3k, WEEBCEIEIN 10 - 10 B, 20 KUK SE
TN 60.00%, M fE#H LTSRN 7.00%, FI#H &5 1) 8.6 fif o 441 KU HF A4 35 5 Ok
FEAAR, SRS OB N, Z0 B BE T AR WG N, S A T A T B AR
(£ 2.

FERFRERH A, ORISR SE G AET R AR B, 44T K SR A 26 I s K
Eboh 30 : 10 B, Z0 KUCHIFET: 3N 29.20%, EEMKT 10 : 10 AL L0 K IBET: %
60.00% (y>=32.736, df=4, P=0.012); 420 KI5 BAEZNEECEELL Y 10 : 30 B, £0KHX
LT H AN 62.00%, 5 10:10 AbHE R KM T- R E R AR E (2=32.736, df-4,
P=0.781); “HEBMZEIGRECEIGINE S 50, KIBET- R TN 76.00%, 510 : 10
M PR ZE AR (2=32.736, df=4, P=0.120). SEARZSTIHIFET R AR E FEALE
R i kAR B EE AR (2=5.723, df=4, P=0.221).
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Table 2 Mortality of competing Solenopsis invicta and Crematogaster rogenhoferi at group level

ISP RE AR VR Y 15T [ ') BET-FR (%) Mortality
Combination (S. invicta : C. rogenhoferi) KWL S. invicta HIEHEIEIL C. rogenhoferi
50 : 10 2440+ 1.78 Ac 9.00 +2.33 Ba
30: 10 29.20+2.91 Ac 13.00 £ 4.72 Ba
10 : 10 60.00 = 7.30 Ab 7.00 £ 2.60 Ba
10 : 30 62.00 +=4.67 Ab 3.00 +0.63 Ba
10 : 50 76.00 £ 3.40 Aa 3.80+0.96 Ba

e BRI EEAR AR . RS E/NS 28 (Kruskal-Wallis test)« FATHIFE KRS 78 R BEARURL) RRERAEE
(P>0.05), Note: Data were means = standard errors. The same lowercase letters in the same column (Kruskal-Wallis test) and the same

uppercase letters in the same row (independent sample t-test) represented no significant difference (P>0.05).
23 B BENEREHHALERNHEES

SRR ORI B B S RO AR SE S I DL S, FH AR O P A B R A 258 I IR 7
BEHE, HBHA RS TR KRS E, A KBIE TG BRI R . B bt %
i SRR 28 SIS USL L B R R PR R TG 4 R O AL B B PR AR 28 IR HI FE TS Z 700N 75%



18.33%F1 6.67%, A #E I EME TR T E & T AN AACEL,  FT I AR SRR
ANTCHE F AL 2 ) AR S IR PR T R ZE R AR (F2,15=68.066, P<0.0001). )ik B
BEWOR I G, KU T4 U T 28 N 48.33% NP2 8.33%, 1 41 K WAE 5 1T i
TR i i O )RR AR 2 I AT AR TE 4, OB T30 40.00%, 5 AN Ab 2 1) R AR 4
RIS SE S L B BT 3 48.33% ZE /AR (F2,15=25.585, P=0.36) (3K 3).
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Table 3 The mortality of competing Solenopsis invicta and nail polish treated Crematogaster rogenhoferi

PGB T % (%) Mortality
Treatments of C. rogenhoferi 2L KWL S. invicta HARHIEI C. rogenhoferi
FE#B%11% Sting sealed by nail polish 8.33+3.07a 75.00+5.63 a
HiIH# 5 8 25k Thorax painted by nail polish 40.00 +2.58 b 1833+4.77a
JE45 Fl Control 4833 +6.01b 6.67=2.11b

W BN T E AR . FSIAEFE/NS B (Tukey’s i) RonZRARFE (P>0.05). Note: Data were means + standard

errors. the same lowercase letters in the same column (Tukey’s test) represented no significant difference (P>0.05).
2.4 BB NSRRI A A AR S IRE R I

SRR 255 I SR VR B X L K ISR oo 7% RO B AR B Y B I T 985 . b FE24 h)E, 40K
W FE T R AE0.67%~78.66% . 8%EE UM IR )AL FE 5 21 K I FE T F N T8.66%, SHHiRY)
P BE Bl 4%, AL BEAE T 28 N33.33%, FEMK T 8% B MM $& M AL B (Fs30=41.436,
P<0.0001); 2.5%FRCHRMIALFL T, Z0KIUHISE T FANN5.33%, S IRALBLR A B35 7
5t (Fs30=41.436, P=0.986). K:HL72 hj5, 2 KBUMIETRIE2.67%~89.33%. 8%TF WA
PR, KB FET. HN89.33%, 0 T 4% U R b B (Fs30=52.796,
P<0.0001): 2.5% % A S A BRI T2 F N 13.63%, SXW M T RER AL E
(Fs530=52.796, P=0.641),

FA RIS (A BB AC B R, B A B (] )36 0, TS ARG TEIR A 8%,
6% 2.5% M I A T, A3 72 h 5B 24 h ) T T R ERAEE (8%,
F215=0.693, P=0.510; 6%, F>15=1.955, P=0.180; 2.5%, F»15=2.456, P=0.108). {EFfi%¢
WP 4% 3%, AbFE4H 24 h, 48 hy 72 h LD KL TIFET- R 73 B~ : 33.63%-
50.00%- 54.67%F1 13.63%- 27.33%- 31.33%, TW(ALEE 24 h J5 IS0 TR I 8K T 4028
72h (4%, H=6.720, df=2, P=0.013; 3%, H=6.445, df=2, P=0.017) (£ 4),

& 4 BRSNS RN A T AR S

Table 4 Contact toxicity of crude extract of Crematogaster rogenhoferi venom on Solenopsis invicta

WEE (%) ZLRIL T IBET 2 (%) S. invicta worker mortality
Concentration 24 h 48 72h
8 78.66 + 8.24 Aa 86.67 +5.82 Aa 89.33 £5.63 Aa
6 64.67 +£5.41 Aa 77.33+£6.25Aa 80.67 £ 6.40 Aa
4 33.33 +5.81 Ab 50.00 +3.05 ABb 54.67 + 4.46 Bb
3 13.63 +3.82 Abc 27.33+5.21 ABc 31.33+£6.32Bc

2.5

5.33+£2.67 Ac

10.67 +2.46 Acd

13.63 £2.67 Acd



0 0.67 £0.67 Ac 1.33+0.84 Ad 2.67+1.98 Ad

W BUE TR MR . BRERT E NN (Tukey’siE), FFIAMEFE /NS FH, FATHEKRESZRERESASES
(P>0.05), T3#[d. Note: Data were means + standard errors. The same lowercase letters in the same column and the same uppercase

letters in the same row represented no significant difference (Tukey’s test, P>0.05), same to table 5.

LA 25 I SRR UK SR AT AT K LI B AR S IR R E A GO R . AN IR R IR 11
BRI SR A IR I8 2 N8.33% ~81.67%.  10%-5 7% FE Ab H ) B8 UK 73 81.67%F171.67%,
Wi ZFARE (Fips=58.787, P=0.385); HISZWIIKE 5% 1 B % 53.33% i K T
7% B EE2E (F425=58.787, P=0.020); 1% ¥ 0KIEE 2 N8.33%, i K T 3% & Ab 21
[1131.67% (F425=58.787, P=0.002),

FEAHFR LA IR T, B3 CREL SR AT £L ISR B 2 R UG T 0 N 4K FE2 ) TS 1) X T
FERRER L [F) 9 10% 0, B ORL SR P0 IO SR BE 22 81.67%, 55 MEISU i A 1 DK JBE32911.67% fi 1%
i, EFEEREESR (22301, df=10, P=0.044). 4EEVOHLERY B B N 10%F%
RE 1%, TSR 8, 28 43 5] A AIK Z2.8.33% H150.00%,  FELH 470 BIR 30 2R i Y4k J3F PG 1) PR
JESZE o T IRE I o R AR A INRE 2RI B N %, FLORIREZRFET0% LA I, BRIRE SR 5 Ay i 2
(£5).

5 RIS NSRRI XS T A IREEBER

Table 5 The repellent effect of crude extract of Crematogaster rogenhoferi venom and DEET on Solenopsis

invicta
IKEEZ (%) Repellent rate
KIE (%) : S
) HIHIRY T iz
Concentration
Crude extract of C. rogenhoferi venom DEET
10 81.67 £3.07 Aa 91.67 £3.07 Ba
7 71.67£3.07 Aa 85.00 + 4.28 Babc
5 53.33+3.33 Ab 71.67 +3.07 Bbe
3 31.67£4.77 Ac 66.67 +3.33 Be
1 8.33+£4.77 Ad 50.00 +3.65 Bd

3 Fig51tie

A R B BT A B, AEM SR 8] 5% 5 b o5 35 25 e PRI VE R . 20 KRR S IR S35
T W i W BT AR S W Iridomyrmex humilis 2858, TG A B RN I NAZ MR 22— (Obin
etal., 1985; Solley et al., 2002; Greenberg etal., 2008) . I Nylanderia fulva BRAE 5y
WX AT K LA B8 1 K ARG (Chen et al., 2013; Chen, 2016) , iSREEL AKX
TR HLLT KL F 20 W) (Lebrun et al., 2014) , fES40KEGEF AT, HE
A AEBUR AL KU SAL IS (Zhang et al., 2015) o RIHTF I 5 A 4 05 b8 5 21 K L)
SEAHLE], AT ROk R R LL ISR 4 BRI SR A O 0 BT B R L

AT, AMEBGEAT RIE S, 0K E B B v R T AR I . 4Tk
WS A BB A, S A R, MRS AR RS B A R SR AR 2SI I
—HEHWEPE, HACAT7 5, (BHAG BT TBRACR B3, REHUEH T et i f
L0 KR B AT . 20 KU B B AR 28 IE W A 5 R R AR A7 0, RIS



T fid £y 052 Brki 07 o E P T DL AR 258 I CTE 52 B Bk B 43 WA R A S B AR I, O 4L L
FEAE R IR SRR R, AT k2 £ SRR BBt B 7 TGS B0k 28 B 245 T A 2 3 W 7 38
RETE I R, 8 B R B B E A R AT D4 (Buren, 1958: Marlier er al.,
2004) , FEAAELEITIE R AL, DRk, EARAS IR AR AN A S G b ) 2 I B BN A A =B
10

W SORR R IR AR, R e D R S A R T OC8E (Holway eral., 2002) o TERFfAR/K
F R TES T, B IEE A RS W, R P B EE R AL R AR 26 I I
FETR MR T LU, 2 AR S R G N, B B AU TR B B, T 40 KU BT
R 2w, EHEL10 : 100 B2 EBIE T R T 10%, ZLKBIETRi@EIL50%. 1M
FIFEAR SRS T BE 4 B S BR UL, 520 KGR L1150 = 108, ZET-ZARIA S T4k
W s, 2011) o SErAE S BORAINA 2RI, 72520 KO EE 930 - 100, 4ET:
HART 10%, ML KBIETIHAN30% (BAENAE, 20200 o 1T B 28 4 28 I WU A4 2 B
NP FLE 56 4 RV SCBEAE 845 FE AR 28 I UAE B (K T 20 KU, FE T 34K TH R S8 IK
TLLREL, (ETEG AL TR B AL. 2 4 R B IR R I S, B
HIEWTEA R ) R TR, ERHAECEA FEE AT, HAE TR B e T ALK e R
RS I B AR TR O S, ERF AR Pt TR i T AL ER AL BB T2, Al RE A FE F I
S BB AR A I TR 0, WA LT OB A TR 2 I ML Sy o X e L R S B
TR BAAE S I W 2T BT SF 3 P b i BB ATy, TEAMEFRA BRI, B
R 2 5 A R T g B

ARWEFR I, 6% MR AL SO T, AT R FIS0% LA E; Bm ik FE A
PR FRPEACT , LTI OR 2 i A5 (8 ARIA 0 ICAT 13 BH SR A 25 R U VRO B2
SR T K SR AT S 2 1A A R R VR o 258 I S R R A 5 SR B 1) A R 7 AN
UKEEAE ] (Marlier ef al., 2004; Heredia ef al., 2005). 3Fh%& 4 Crematogaster sp. prox.
abstinens . C. distans FC. brevispinosa rochai T i % ‘K W Solenopsis sp. F A 1R IF (1) B 1 54
(Heredia et al., 2005) , 2$[GW(C. scutellaris (Wi T i X Pheidole pallidula Camponotus
lateralisF1Cam. cruentatus LA R UFHIIKEAE R (Marlier er al., 2004) o %58 B M R 5
FERZ TR MERKERT PR, I B IR, POREIUE AT EY, =5
HIR ORI A, DAR2-5AR-5,2- s, 2-401R-5,1- 5 Z IR I AN 22 Rk i — i 3447
i, HASRRh ) FE 0 s L AR — € 2 7 (Daloze et al., 1991; Leclercq et al.,
1997; Leclercq et al., 2000; Wossa et al., 2008). 2% IS0 504 R4 53 DA b e fb 2%
FIBR BENL 38 Fr gt — 2B 7L
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