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The mating competency and the effect of multiple mating on
reproductive fitness of Dastarcus helophoroides Fairmaire

(Coleoptera: Bothrideridae)

ZHONG Hui-Hui, LI Chao-Qun, FENG Han-Song, WEN Xin-Gen, HUANG Jin-Kui, LIU Xing-
Ping* (Provincial Key Laboratory of Conservation Biology, School of Forestry, Jiangxi
Agricultural University, Nanchang 330045, China)

Abstract: The coleopteran parasitoid Dastarcus helophoroides Fairmaire (Coleoptera:
Bothrideridae) is considered a dominant natural predator for controlling cerambycid borer pests.
In order to clarify the mating competency and the role of multiple mating behavior in the
population reproduction of this insect, the sexual maturity, mating frequency, copulation duration
and copulation interval of this insect were estimated, then the effect of multiple mating on adult
reproductive output were also explored by established four mating treatments of mated 1 time, 5
times, 10 times and free mating under constant conditions in this paper. The results showed that

the average sexual maturity period of this insect was 29.35+0.34 d, and the mating behavior was
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mainly occurred from 18:00 PM to 2:00 AM. During the observation period, the average mating
frequency of the insect was 4.49 + 0.24 days, with an average copulation duration of 9.27 + 0.12
min and copulation interval of 8.60 + 0.26 d, which showed a significant shortening trend with
increasing mating frequency. Furthermore, with increasing mating frequency, fecundity of this
beetle increased from 227.45 + 15.32 eggs/female for one mating to 1426.03 + 113.71 eggs/female
for free mating, and fertility increased from 68.93 + 1.47% for one mating to 94.98 + 0.90% for
free mating. These results demonstrate that this beetle belongs to typical nocturnal, income
breeding, and multiple mating insect species, and have weaker mating competency. Multiple
mating significantly increases the reproductive fitness of this insect, supporting ejaculate
replenishment hypothesis.

Key words: Dastarcus helophoroides; sexual maturity; mating frequency; mating competency;

reproductive fitness

T P AR T ) B R, P PR I AR R 7 AR S AR A R A AT 1 B
(Ide and Kondoh, 20000, [ HU#kE Nl HUPBIIA 1 5, I8l RAS . ASH AN DR &84T Ny
MRS ES (Marfa et al., 2013), X1, E AR ARG, %R BE
P K BT B R A A AL, A5 L 75 & A 0 IR 5 A R BA T R (B AR,
2019; ZEAIEKAE, 2021). MAh, EHASECRE I RIFERIFT 5, ABEAC R E . AZ L IRk
AT B A5 R AR E W 2 22 5% (Nason and Kelly, 2020), X482 53 S87E 7 & .
B S A, 256 01 i, U5 i g TR A AE 28 e, R 500 B e (¥ S8 IE & B (Arnquist and Nilsson,
2000; Vahed, 2007; XI»4°F4, 2010; Worthington and Kelly, 2016; ¥F&%, 2020; 48
B RAE, 2022). JF & B B S L A 1 AORE 704G BT BE AR 22 VA8 T A T B R B R 2 1 38 S
(Wang and Shi, 2004).

1698 % W Dastarcus helophoroides Fairmaire J& #5## H Coleoptera 27 H! £} Bothrideridae
(i —Fh kb AR B, EEPN AR 2 (ERASE, 2008). BFFTIESL 1% B2 B iR K
ARSI T RS R AR i, 2018), H AT CU7E = A RIh Y 362 N A itk
FKERMAEVIBRE (HHERSE, 2012; TEES, 2018; MMM, 2022). @il %
HUEYPA OSSR, PG R B TN R E TR A Re A 2, ACJRI Tl AT LA ) 10 min PAE
(B, 2008). R HFHFMIA 3 FELLE, HEKIE 64 (B, 2007), KM
G FAHENZ RN R Z OO BRI . SR, H AT S RO AN B, LS RC g
73 B AETC URHO A B 7= B (1 5 i A 400 o« A LUZ U = N IR FR RO S R, fEE
PIPE E 261 R ITRE T VA FEAT A2 S, F R TR 3 AR (1) {07 1k
WMAIAZK? () EHFRRERAZRLMIR?  (3) STHUECH LG (177 5) &
FIGN [T A A T 5500 2 3K BERTF 5T 45 FK it — D B oR A gk W AR e, I i
NLH S RUEIER TR

1 8573



1.1 it iR

TEGREF F 2 R R VR TV PG 48 SN 17 B A 1 AR bR ey, T 2019 FRK R B LR
R S VD PG RO R SRR R = N S5, BEHLHE 100 SkAE98 o BN BBRL 7 T 97 H
BN (K x5 x & =18 cmx14 cm x 8 cm), JET LED HTiE N TS %% (RDN-400C-4
B, WL TR AMNSEARARD PR, MIRHERENRE 25¢1°C, YR E
60%+10%, Y& 14 L 110D (Shieral, 2020)). ZHFHEE (2015) 7 EAN TR
B ERLE TR N, 3 d BEOKAERL. [, 7EFR RS N ECE — ORISR 2~3
sA AL (K x 55 =6.5 cmx3.5 cm) (S0 T RRH (K x 58 x & = 6.5 cm x 3.5 cmx2.5
em) HEAELREF 00, R A OR S, BEORUSCER A IR ER 1 2R e ARBONE (K B 7R I e O
TAHEA BN LA . MR )5, 2% Shieral. (20200 771, LLRFER
Zophobas morio (Fabricius)#r it HUli (A B ARE 1 BT ZRE T I T 547 XK 22 th 7R e 4
Hu), i A RIS i U E A 3 1 A BN T AT AR B . AR AR AR 3
I, AR RSO B 1T A B AN 78 3 3 AR, DAR Lk 5 P R R AR AT SR AN R
202245 9 H, BENLZERR % AR EEZAE 12 AR ORI R A S AR T DL R k5.
1.2 G774

FRHCEAG M H, SH S (2007) FIJ7VEX M HER. SR 7RSI SR AR SRE
P B AN SE BT BB ) S AT N S RRAE, 3 F BAT W 00T B G RN R AT A e i e
(LH5: Z1L202021010480.7) FEATAT M Mo 4226 B 22 ke 1 5 A s L] 57 A [R] P 45 2 1
WAT NI RN, 24 /NSFEIR ], B H % U0 5 IR 3 potplayer 38T, 1
SRS EC R EL . A EC R UG I TR A A L 45 SR 18], Geit ACFR R S AN AC L %6 o 5 e = B
J5 s 4 BAE AR B 4% 0 BN IR R A0 2B (Dino-Lite AM-3013, &7 %2/l
BHEBAH R AT FEAF DinoCapture 2.0 #E47 72 UF & [K1103% . B 5 45 BT A B9 ) 25 2 40
N IR b B T IR AH R A5 44 T 1 LED BUT0UE N TA A6 AT W52 0 1) i
2.
1.3 W5t
1.3.1 fegha F L i il s

B AL I 8 A A A IS A e . HER R 1SRN N DR /K 4 BR 1 9 )
FAFRIL (d = 10cm, h=3cm) 1, RIEE 130 Ko RFECL R RS IR LN de i 2%
BRI H 24 h RRSIE, BT R R A AT e B P B R HURIAE 45 d R AR
WS, A5 H A R AN TE BRI (R SRR K o A 3 U1 W 5 00 3 5 [0 O 252 M Al o, e
GBI OL, A Rl R AR X I B e BN A e N RAESSRCAT N (BRAE R 4SS, 2008),
TSR RSB H A, Govh iz s s
1.3.2 FE20FF IR SC L e 0 WL 42

K MBI IF DX 53-GBSk N 36T N T ARDRERIR K SR BR B SERE RS TR ML CRLRS:



B rhoia IR, A H SRR . Rrial 7R BRI RS, 1% 1.3.1 AHE I 77 71k %
AR R BEAT MERE OO O B T P38 B P A 65 do IRIRILACXS 80 X, 71k 4 4,
BE2H 20 %, TCSEREIA Y BN IR L P AR gk A HOME . e SR S FC . BRI o B
T URAZ T 1432 T 45 458 4 AN A8 ] B 34
1.3.3 2 URAZ et M HU™= B 8 F) R

1 R ] 5 2 s A P A B AR AR, g — 0y i RE RS IR I ) S T
WAEE TN, FHWELWAAEG . BWER A5 5ER 1 IR (MDD, 5 (M5). 10
K (M10) AZHCHS, R st RS RIS, A5 AN R S B OB o R (R 15 7R LB T 5
PR R AR A B 2 AE N TR iR 9% . Ak, — 3R ot e SR X S B T A T
AR, e S0 TA] ME e R AN R TR B AZBC (mating free, MF) . SCRIAIFRIS, 1
B 77 ML B2 3t pic sE 7 PR RTIR 7K 47 LM 7878 FRFK 43, IFIE DU 984 3~4 5K 2F B 4%
(K xFE=4emx2cm) FI/PARE (K x 58 x & =4 cmx2 emx0.3 em) B TH FR ML L
HEOE . A SRR K 0 5 i UE 2R H AR IR O G, — EL s 58 R E R A I
PBUGE, AR R A H IR, B ARSI 10 AR E P (]
SKEFHINE . DU RS BRC IR E b3, R — b3 E S 30 7k, AT IR 01 B SR 4R
6 i, GEitAENLES A R B 2 S
1.3.4 2 IRSEHCXT G540 22 1) 5 i)

2 1.3.3 BACH A RMERIF AR O0 G, A H WO &AL B A R AT IR A AR, JRREAL
HECE A 3 Ak PR I R 2 (AR AU H RE IR I AR ) b)) IR B F A RS % 4R T
N LA . A H RIS L, IR AR, 03 % Ab HE A & 55 F7 L 4 4
HU I B E BT 4 R R R 1, Goit S A E R R I R . iRIG L 4
ANREEE, FACFIER 3K, BE 1.3.3 R AEE R A5 1 I 45 R
1.4 BESH

BT HHis o3 A 35485 ) SPSS 26.0 $idfs b3 RGEREAT i vt SO BT BRI AT 2 b AT
f H Shapiro-Wilk fr 46 $4f IEASVE . A 20 2808 56 4T I AE 5%~F 75 i A 8 J5 P B AT 20 #r e
PR . SETC R AR I TR R A T I 4 0 R F R G v SRR SR o A B EAT AN TR SZ D
DBUT AZ T & B A IO KRR S8 A0 A2 T 8 B U1 5847 A48 B LSS TR A AL 3T F M e ™=
)5 T O G A 20 S A R S SRR E I, MO 2 B OEAS S A IR A LR R T E A
Tukey’s HSD #5546 ; 4 %4 2 4 IEZ5 73 A i U H S 8053 B Kruskal-Wallis 5056, 23 7KF
B P=0.05. A[E)AS T AL FR D G155 A 2 [ 00000 Jo) i A8 A agk FH 2R vk T A 43 A o S b e
PSP A bR iR R R, SCTHAEEIILE Origin 2023b H484F 58 i
2 RSN
2.1 T4 PR PR EATN 3 AL & S B (8]

ARUCRIG LA 129 X e U7 55 A E 8 Sk A T IELE 45 d AT WS N D A&C IS, A2



FCINRIE 99.23%. Hort, RECAT AERACPML 58 18 RIFAG I, 58 38 RN T A7 il
FERE IRAEHC o WP E B Gt R, % R0 B RS IC R AR TE i UL JE B 26~33
K, HECKHE 75.97%, FHAERAIAT 8 29.35+0.34 d (B 1-a). X3 AL & A= I B
[ REAT 0 BT I, 1% HRAC G R AR I ) 32 EE AR R AE 18:00 PM-02:00 AM, (5 xS 11 82.95%,
RHNZ B IR FER AR (E 1-b).

(@) g (b) 20
(x-29.170)% (x-8.421)%
16 F Y = 0.663 + 13.288e™ 24033 18 F Y =—0.162 + 13.910e~ 30024
%"M I 1 [ n=129, y*=4.907, R*=0.817 .%016 L n=129, 3*= 10.324, R* = 0.732
g 1 ERY N
o 12 7 1 = //‘\
c N\ o N\
2ot B
£ g10F m
= 8 = -
E = ol -
& ol e
>4 ' 6f
B 4t &=
2F 2k |—|
o LECALACAGT LG AL IL 0l_|.|_| .....
181920212223242526272829303I32333435363738 14 15161718I9202] 2223241 2345678 9
PIEJEREL (d) Days after emergence —FHgIE Ch) Time of day

1 1 A28 A P PR S0 A2 T 2 I
Fig. 1 Sexual maturity (a) and time of mating occurrence (b) in Dastarcus helophoroides.
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Table 1 The mating ability of Dastarcus helophoroides

2 b 2 RZICFFEE (min) SZHE RS (d)
Treatment Mating duration Mating interval
2 1 D 1% mating 9.70 + 0.23 ab
10.07+0.53 a
3 2 IRAZHE 2™ mating 9.82+032a
9.68 = 0.57 ab
2 3 IRAZIE 3% mating 9.59+0.29 ab
8.04 + 0.59 abc
2 4 IXACHL 4" mating 8.63 +0.28 ab
7.63 £ 0.60 be
2 5 IKACHL 5" mating 8.96 £ 0.29 ab
7.25+0.62 be
2 6 IXAZHL 6™ mating 8.45+0.34b
6.33+0.77 ¢
7 AT 7™ mating 8.66 + 0.54 ab

e RPEEN T EER, F IR ARNE FRERORE R 5% (ANOVA, Tukey’s HSD fi4, P <
0.05) . Note: Means (+SE) followed by the different lowercase letters in the same row were significantly

difference (ANOVA, Tukey’s HSD, P < 0.05).
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Table 2 Effects of multiple mating on the oviposition in Dastarcus helophoroides.

SFEIEREFS IR RE SRR B CRL/HE)

SRYEERE O CRU/ME) IR E CR/ME)

oSzl

Average oviposition Average fecundity per Average fecundity per Total fecundity

Treatments

frequency per female time (eggs/female) week (eggs/female) (eggs/female)
M1 9.36+0.71 ¢ (5, 15) 27.88+0.82¢ 37.91+2.55d 227.45+1532d
M5 12.75+1.30¢ (3, 23) 40.90+1.89b 87.23+9.67 ¢ 523.40+58.00 ¢
M10 18.78 + 1.30 b (6, 24) 4737+2.28b 14242 +11.84b 854.50+71.06 b
MF 2455+ 1.51a(11,36) 58.93+2.80a 237.67+18.95a 1426.03+113.71 a

e RPEURE NI AR HE R, 355 T BEE S R R ME R IR RAE, Rl — B AR NG R R %
5% (ANOVA, Tukey’s HSD 5 56, P<0.05). Note: Data in the table represented mean + SE. Data in

parentheses represented the minimum and maximum, respectively. Different lowercase letters in the same column

indicated significant differences (ANOVA, Tukey’s HSD, P < 0.05)
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Fig. 3 Effect of multiple mating on female weekly fecundity in Dastarcus helophoroides
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LW, EH AR, GE AL AR WS N AEEAE 91.02%~97.59% 2 [7] HANFAE
Z5 (F=2.15, df=5,131, P=0.06, K 5-d), AMEMHRIZE 1. 5. 10 KE, BRI
2 B A B R AR RR P R B, P ag T 10 JARFR 1 O 740 236 SR — R 1Y) 95.71% F
B2 B N JE 1 75.07%,  FERH 20.64%;: STEC 5 URALER 1) 51§ A 26 I SE — L 1¥) 91.31% T F%
RH N 70.38%, FEMRIL 20.93%; 1M1 ACHAC 1 KAL) G 574k 26 NS — FE 1Y) 91.24% 2w
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Fig. 5 Effects of multiple mating on fertility in Dastarcus helophoroides
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Z AR A FE () 2 B (income breeding insect), Bl a B3PIk i 75 A W45 £ 97 LA A2
P38 B 10K B MM 58 5 AR AT (Stephens er al., 2014). 1% HUK A R 32 Bk A 46 92 1)
18:00 PM-02:00 AM, X 5iZHEARE ISR H VIS, BT RME, 52 Him
MEE—H (BREREE, 2008),

FE R AR, 2SR R E . A8 T R 45 U R A I I 30 5 i b S Pl 7 D S0 TR
(Wang ef al., 2016; Nason and Kelly, 2020; Kyogoku efal., 2023). %148 2% A e g
RIS R, 1E 65 d KM, RHFIACHT 4.49 £ 0.24 ¥k, Hirh 82.5%LL B4
e A 3 IR B Z IR . iz A dr ik 3~6 4F (BREEZREE, 2007), A IFAN
SEZI— IR, (HAR S 45 32 DAIESEAE 227 H R 2 AL i R R fh 8. ks,



Z T A IR S 9.27 £ 0.12 min, “FIACEL [AIRG 3 8.60 £ 0.26 d. X —45 .t 57
NSHZ BB A — 80 (BRE 2RSS, 2008). B 7RI B HAIAS L GE /1 5 4 dr & UM ok,
A A LI B U RCRE B, A e KA AE /U85S (Shelly, 2019). 4ndE3giR
WR¥EU Bradysia odoriphaga W R~ 75dr 8 4.5 d, REZAHCE 13K, RILHEGRIAS
Fihe ) CRIEE, 2018). MHILZ N, FE4RZF AL 65 d MMEIIN R ZAUER 1 7K, &
AN AL RE Do TS, SCTCAE ST 1T B I A B AE A8 T FF SR IR 405 AN AE C 23R 1) R B
(Kumano et al., 2016). fEARIG RN G TR, TEORE SRR SRS T o b [F) A
I B A2 T R B I T B, X — S5 R S PR ENEE H B R W Euscepes postfasciatus 1}
KRB R, BEMCRFENZFLEBASERMAR. LKA, REER
RHsm, S R RS EE /) (Kumano ef al., 2016; Wang et al., 2016; Shelly,
2019), X LGP F LA [FIRE RN 1L S a7 AL g 038 R 3t — P BiE

Z IR R T ZAAE T &M R dofh b, Rl 2 /e H B i (Amqvist
and Nilsson, 2000; XI2-F4%, 2008). KEMFLRY], EHREZIRAEAT I9AT LLIR e fe gt
(1) Ul & (Papach et al., 2022). fEH53# H B R @035k R Tenebrio molitor (Drnevich et
al., 2001). B Tribolium castaneum (Lewis, 2004). HEZEH Nicorphorus vespilloides
(House et al., 2009). ¥ 5 /N W Adethina tumida (Papach et al., 2022) %3535 7= 4=
B B A TC R A R B I T R . SR AR — L B AR AR R S PR I A AR OG, IR
% H i Leptinotarsa decemlineata (Orsetti et al., 2003). MBI Cadra cautella (McNamara
etal., 2008). /N Plutella xylostella (ARBHREE, 2022). ALY Chilo suppressalis (i%
BEE, 20200 5o FEXTAEGRER HY BT ST A R AR A SUME K Fry 7 B B A2 TG R ) 1Y i G
dbAh, R =GR S R e DUE A A B 0k R A 7 R ) R R KT
177 8 7 28 C I ARG, e 7™ B e L ™ O Jo 0 B R B o Pl e ) i PR e 4 ar
2LE AW AT, MEHRAF RS HIRS T, A RRERFIEFR R, XA TR
H P [FEFEAE/E (Arnqvist and Nilsson, 2000; 48 RSE, 2022). ARG K, H
P 28 e AR B ) 72 B B 0 2 1 TSI 10 RARER (P2 IR . X — 45 R 78 40 U B 1 AS i A B
FASECIRECE & 1 10 9k, B0 TR ar K e gk ar i =, 58 2 (1022 F03d v e 5 WOt e
FEAE Z I OE, T HAEME R B 2R T I E R, AR S AR E VIR TS
FEP T, AN~ BN E (Arngvist and Nilsson, 2000; Liu efal., 2013). K~—37[i#
A AR AS [F) S T TR B e B BE, WL O L R TR AR AL, A [R] A T R E
B 5 A7 R TR e s =R K.

76— Se ik B A sh A B (McNamara et al., 2008). FL/N 03t Grapholita molesta
(Morais et al., 2012) FAEE (EyE%E, 20200 FIWFFEH RN, RS2 BL R E06T B i
WA BE RGN . FEXTTESRET R gy, R SULMEE K Fry 5O £ 2% 6 28 T TR B0 o g 334 4 5
b5 10 Y M e R B AN W b e e S AR AR T ORI B 2R AT B v IR R AL



X g RE e B ¥ K Bt (Drmevich ef al., 2001). B 225288 Bactrocera tryoni
(Radhakrishnan et al., 2009) FlRER Gryllus texensis (Worthington et al., 2016) %% 2.5 5]
I8iE. Ridley (1988) Xt 48 Ff R G H R I, WiRMERAITZ WA/, WA —FLl L
(e SRR R TV RE SR, AT SRR A A 2 T B o I W SR AR R A HE AN [ SS L kB
O 1 907 A0 SR o 7= B ) AR A A R I, ASC IR B/, IR AL 26 B s . X — 4
BB U, R H R, — SIS 2 DLERIE BT A e U (R A R AL, RA
AN ¥ A2 TE A e A B 1 07 AL R AR R AE B /KT AT SE 1% U 2 RS BCAT SRR 74
788t (Ejaculate replenishment hypothesis) (Worthington e al., 2016), F&14h78 il GE21E
R 7 PRI AN BB P A2 TG T 3RAS 1 SR A BE R 2

ARG 25 S A T ARG TF I B AN A L BE /), TESE T 2 S BC e SR HR THZ LY

AT . IR TS RO AE AT B TEAT 9 T 9T R AR A B B 1 e R ik
WK . ZBLAT R 2 A FEAZ 1T A (Arngvist and Nilsson, 20005 X1 2% °F %%
2008), JRE LG AT HILEZ RASHCAT N T aRAS 1 7= DR s AN AL 22 5 T AR R 2, (H 2 IR

Fl 75 FEFF A A8 ROE T — g . R, REUH S AR AL B A 25 5 51 i 2 318
WG, AR AR I8 Id 2 AT AR I KRR, 1X — R 1 (AR RATRN
5.
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