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Ultrastructure of genitalia of male adult Bactrocera minax and its

sexual selection

SUN Kang-Lin, LIU Wen-Ru, GUI Lian-You", LIU Mei-Ke, ZHOU Ren-Di, TANG Jian-Tao,
JIANG Zhen-Yu, ZHANG Guo-Hui, ZHANG Zhi-Liang, WU lJia-Li, LIU Ke-Hong (Forewarning
and Management of Agricultural and Forestry Pests, Hubei Engineering Technology Center,
College of Agriculture, Yangtze University, Jingzhou 434025, Hubei Province, China)

Abstract: The Chinese citrus fly, Bactrocera minax (Enderlein) (Diptera: Tephritidae), is an
important pest of citrus crops. In this paper, morphological characteristics of the male external
genitalia, the length of the aedeagus, the length from the female cloaca to the spermatheca, as well
as the clamping characteristics of the male and female, the male’s distiphallus reaching the
position of the female’s vagina during mating of B. minax, were observed and measured on optical
microscopy, scanning electron microscopy (SEM) and three-dimensional X-ray microscopy
(X-ray CT). The results showed that the male genitalia of B. minax was composed of aedeagus
(phallus and distiphallus), genital apodeme (fultella and genital ring) and clasper (surstylus and
claspette). The phallus was a long and curved double-pipe structure (bending to the ventral
surface), the outer tube was the phallus and contained an ejaculatory duct (inner tube). The phallus
had a low degree of sclerotization due to its fold on the abdomen, and the back was flat (with a
groove in the middle), with a high degree of sclerotization, which can be both bent, folded and
straightened. When the male rested, the aedeagus curled up, most of which was hidden in the fifth
abdominal segment. During mating, the male clasper clamped the distal of the female tergite, and
the farthest distance that the aedeagus reached through the cloaca was the female bursa copulatrix.
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The distiphallus was composed of the genital rod and the distiphallus body (basal sac, trumpet,
split and sclerotization area). The sperm outlet was located in the trumpet at the top of the
distiphallus and the split on the distiphallus body at the front end of the basal sac. The length from
the cloacal opening to the spermatheca of female adult B. minax (21.64 £ 0.59 mm) was much
longer than that of aedeagus of male adult (9.21 + 0.25 mm), which indicated that male aedeagus
can't reach the spermatheca of female, and female can control fertilization by controlling whether
sperm enters the spermatheca. It further showed that female adults had the ultimate control over
fertilization. These structures or tissues had evolved to adapt to the movement, mating and other
behavioral activities of the aedeagus. This study will provide a theoretical basis for understanding
the reproductive physiology, evolution and diversity of insects as well as the insect behavioral
mechanisms of mating and aedeagus movement.
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Fig. 1 Morphological characteristics of external genitalia of male adult Bactrocera minax (optical microscopy)
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Frs @, filRATEE; 6, kMY, K2, 3. 4. 5. 6 [ 1. Note: A, Ventral view of acdeagus in resting state; B, Dorsal view of

D

aedeagus in resting state after removal of dorsal plate; C, Male genitalia; D, Male genitalia (Al). @, Aedeagus; ®, Distiphallus; ®,
Phallus; @, Genitalia apodeme (aedeagus apodeme); &), Clasper; ®), Genital rod; (@, Basal sac; @), Finger-like sac apodeme (phallus
apodeme); ©), Villous belt; 19, Trumpet; @, Split; 1, Microspike; @3, Ejaculatory duct; (9, Lumen; (9, Genital ring; @0, Fultella; (D,

Bamboo-like protrusion; @, Median posterior bar; @, Aedeagus apodeme; @, Lateral arms of genital ring; @, Vane; @, Sternal
apodeme; @, Anus; @, Inner lobe of clasper (surstylus); @, Outer lobe of clasper (claspette); @, Unguis; @, Sensory hair; @),

Ovipositor; @, Aculeus; @0, Sclerotized belt; @D, Oviscape; @2, Sternite; @3, Tergite; 39, Bursa copulatrix; 89, Spermathecal duct; Fig.
2,3, 4,5 and 6 were the same as Fig. 1.
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Fig. 2 Morphological characteristics of aedeagus of male adult Bactrocera minax
E: A, NMO, Jt%; B, C, E~M, ##ifS; P~T, X4 CT. AMB, HZEGMmM; C, HZENIM; D, HZEE
MEAM (AD 5 B, EIERZO; F, 20 G, 508w H, AHFEH: [ AEFEmNSg: J, HRER (AR
K, BHZEHEM; L, SRS M, ZEERmMASREE: N, HZE; 0, HEMMHZEE,; P, HZEMYIE (r#Z: 0.5084 pm);
Q, FHEFEADIE (r¥E%: 0.5084 um) : R, PHEEBDIE (3% 0.5084 um) ; S, PHEEMDIE (¥ 1.7769 pm);
T, BZEEMTIE (HF#Z: 1.7769 um) . Note: A, N, O, Optical microscopy; B, C, E~M, SEM; P~T, X-ray CT. A and B, Lateral view
of distiphallus; C, Dorsal view of distiphallus; D, Lateral view of distiphallus (Al); E, Basal sac and split; F, Split; G, Villous belt; H,
Coronal surface of genital rod; I, Coronal edge of genital rod; J, Finger-like sac apodeme (phallus apodeme); K, Abaxial side of phallus; L,
Ejaculatory duct; M, Ventral surface of phallus and ejaculatory duct; N, Phallus; O, Straightened phallus; P, Cross section of distiphallus
(resolution: 0.5084 pm); Q, Longitudinal section of distiphallus (resolution: 0.5084 pm); R, Cross section of phallus (resolution: 0.5084
um); S, Cross section of distiphallus (resolution: 1.7769 pm); T, Longitudinal section of phallus (resolution: 1.7769 pm).
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Fig. 4 Morphological characteristics of genital apodeme of male adult Bactrocera minax (optical microscopy)
e A, BRI B, AEREEA; C, MZEESEMRERM; D, MEESEBERERMBONE; B, BHE (AD

(4/i Drew, 1969) . Note: A, Lateral view of genital apodeme; B, Ventral view of genital apodeme; C, Point of connection between phallus
and genital apodeme; D, Enlarged view of point of connection between phallus and genital apodeme; E, Genital apodeme (Al) (Imitate
Drew, 1969).

2,13 HIERES

RS (B S) o MG RSL IR RS 1 X HudRER At G IO A1 1 SR it (G
2 k. HIREBEAS (KJF 0.583 mm, TESF 0.155 mm) LM (K 0.278 mm, &
0.098 mm) K, WIALT AR, HIRE ST ARG ST . 4R 2% N i IR G AR AR R
A AR, T L &S .

iR (B 5-B. D Ev G D o AIE RS AE 4R 3840 1 X, #6h, I
Rk, AMNE AR T Hamilolr, B, ARG AMIETZE = AR s (&
5-E. G. H) .



HdE2s M (& 5-B. C. Ev F) o MG RSl iE iR s e 1 x5, #f, TLHIR,
W AR IR B Houmif B, FH4 1 EHPRIN (KA 0.041 mm, %% 0.026 mm) , J L
HEERBL S (K 5-Cy Ev F) .

K5 R K S e i L R 25 T S 45

Fig. 5 Morphological characteristics of clasper of male adult Bactrocera minax
TE: A~D, Jt%; E~H, A, A, RSN B, E, HUREEM; C, F, #EZAM: D, G, RS H,

iR g AM ks 1, 428 (AD  ({f Drew, 1969) . Note: A~D, Optical microscopy; E~H, SEM. A, Ventral view of clasper; B,
E, One side of clasper; C, F, Inner lobe of clasper; D, G, Outer lobe of clasper; H, Inner teeth of outer lobe of clasper; I, Clasper (AI)
(Imitate Drew, 1969).
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Fig. 6 Clamping characteristics in mating process of adult Bactrocera minax
W AR B, %5 C~H, Hifids. A, MEMERRASEURE: B, FOPEF SPAZEEM A C, PRUREH SRR B D, Rk
FEreORErAiE; E, REPREMIW; F, HIRSZNIMTIRAE (U 5 G, RN IFEME (MDD ; H, BIZEEA

FEOREFIIRN; T, PR ZURETIRIH A (AD . Note: A, B, Optical microscopy; C~H, SEM. A, Mating state of male and female
adults; B, C, Point of connection between aedeagus and aculeus; D, The position where the aculeus was held by the clasper; E, Side view
of the clamping state; F, Holding position of the inner and outer lobe of the clasper (both sides); G, Holding position of inner and outer
lobe of the clasper (one side); H, Ventral view of aedeagus inserted into aculeus; I, Ventral view of aedeagus inserted into aculeus (AI).
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Fig. 7 Anatomical diagram of the male’s distiphallus reaching the position of the female's Bursa copulatrix in
mating process of adult Bactrocera minax (optical microscope)
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Fig. 8 Length of each part from the cloaca to the spermatheca of female adult Bactrocera minax (M = SE)
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Note: 1 Length of Vagina, To be the length of the vagina after removing the length of the vagina inside aculeus; 2
Length of aculeus, The distance between cloaca and the base of aculeus.

3 FHi5ihe

A K S e e 1k A AR T AR R PH 2K AR B S (BHZE5E) AR 2% IX 3 SR 2 . Ll
B 1~5 T RIE, B 6~8 MRTTERR, B 9 R ANEE 10 AT AEGE T (Drew,
1969; Norrbom et al., 2012) o Hrb, FAEIFHMH AETETFIPHZE2 55 9 ML IE . #6
PR 2SR EE 10 JE AL R K

PH 25 /2 A e B AE RS 7 I8 B o MG RS BH 22 M TE G T RS 4%, BB, 51
P (A, BRI R R 2 R I AR A7 AE 3R 2
RERT DAZS 478 X aT AR B . ARUES, MG R SE B 22 th, 3o B ssiAE 28 5 JE TN . &2
BeiE hisy, B BR AP IE R R A A IRAC B 3E « FH 25 A BRGER RE 8 76 s 3l id #5 b OR3P BH
EAZE, WEFTFHAEE AP PGEEs) . PH2R7E S P 2R A ) B 4540, B2
PFEEAE | ST 29 rdeRmgsi GE38) , BRI, v LAIKS) =SB0l
o S SRR AR A R E PH 2R N B 44 s (G , SRR BH 25781280 /7 A (Eberhard and
Pereira, 1993; Marchini et al., 2001; Bricefio et al., 2011) . FHZEERNEE LN, IME
TERIBHZEAE, WA MOLE 1 &GRS EE (NED , —BEMIARH 2556 5 B B vy ) 24
W\ 1, @R 2R ) BRSNS VR 2 s BH 2578 N IR SRS, 10 PR 25 e 24 1 Bsml w1 3 N AT IR
ZHCHE . Marchini ¢ (2001) 78 A LB 7 R OR I, KT IEd FHZE5E 0 2 ML (3
F1D CLANTER, 540 1A EFEA AT 5 o Bricefio 55 (2011) {£ 55 74 B SLWE Anastrepha
Iudens W FLA I, K e ik BH 2576 T ma W 05N o T R A DK S (18 7t 67 T B 255
TR R WA 1 Py R i 2 iy o ) P 28 A B2 . PR 2R T A 1 AN BE IR AR AT 454, 76
AETLT, HoeE 4 1 2 e 05 20 (1 S FERR, 7 10 BH 25 568 1 Bt sl | BH 25 76t 457 B 5% 75 37 (Eberhard
and Pereira, 1993; Marchini et al., 2001) . MID\CFR 72K TR H D 4b, w88 B A R
A AL FERE, 5 1| PH 22 T84 B sl AL E L « PHES TSR BB ERANE 2. FHZEEN
BAREE () RALER 7B M0EE (Drew, 1969) o FHZXTE AN 255 E%E KILIL
WA B HERIZECRS, PHEEMH . . et &iGsh (RAER) FTREMIIAFH 5



PHEEEAMETE N« SRS DAAMAIBR A Bl U 70 5 B 228 A0 8 T BE L R FH IR Bhi, JH
JE BN S35 IR AT fe e K AR B A g T, Hagsh MLk A R TRt — 2P o

HETERA Z AN RN AL g A O L IR ER 5 , 75 Al B A2 BC i ke 42 1) BH 25 768 (19 /E H (Drew,
1969; Eberhard and Pereira, 1993) . fEAZFCIEIREA, AHAR S0 ik HR A R 25 35 e FRr e
PO IR A . HudEds B B G K AI/ER (Hooper and Pitts, 19725 %0, 2021) .

Ludwig &5 (1926) Bk HIRHETH LK Lygaeus equestris BHEEIRAN T 5255 . 274
BF WA %8 P B K R P O 2 —, DR PR S gk T A R PR 2R, BRI Bk
TR AT K5 (Thomas et al., 2014 ). 11 Dodson %5 (1978 )X I #h Lb SL 6 Anastrepha suspensa
HIRE TS5 S0, PHZE D0 204 N METE SEREAC L FLE D 4.31 mm, A REIAF|ZH55E.

NI A FE A BRI T B, ARG K ST e e AAHEE i 1 22 32 A B8 (21,637 mm)
TR TP ZE MK E (9.207 £0.250 mm) o MEERPHEMKE (4K (10.786 mm) 5
HPHZER K T, AHZEAY 1.5 mm. 5 R 3 FH 25 Bl Y10 Ay g e 1 DL R S RO B R OF
O B, FHEE R AR RSB HE 8RS T BIE SZRE FETT 2 nTRE 1), (R H f BH =25 3801 e ey
HI5ZFE %% ) - AN AT BE (Pérez-Staples and Abraham, 2023) . MEHI A M 5TRE, G K
S e R 25 B A% B8 IR ez A e R A QA BB . R TEAE (2024) WFFURA, G SE
WEE A 1 X AEEE, RESE RN —FAKNEE, TS, B0 T RS,
TR EAA AT FFEB U FI)E8 . Eberhard and Pereira (1995) . Eberhard (2005)
A Marchini 55 (2001) Ay e scm | =5 75 AR Sl 0 b R BH 25 0] LS A ME de S2 S 20T
Mo MM 5285 10 77 20F LR JLFF (Eberhard and Pereira, 1995; Eberhard, 2005) : (1)
—MTRTAT R 77 15 R e A 5 1) AR R AR SZORS T 75 A 27 0 5T 23 5 BELLEKS T E N SZAS 2E
(2) MEME IR B T SR R R TR . REME R RGN TE, MG K S
BWAZHETE, XN T RN EN RS W Mazomenos 55 (1977) 45 LK,
FESEIG 25 261 N LS B e W AC Be H 5 B v ] 5 (0 P R B A L0 B A IR Rk
TR AT, EVRIEFERE ST, MEEINE) b sc s E AR AR, FREAFE AT
IR . Fritz and Turner (2004) (4R R Y], 26% B N bt Sbd v BA — A4~k
AT, XRPIELRCZ G, MEMEA A i 32 ) 52 F R R R 7 1 #2547
(3 WA 3w AR 3t 4 o) S T 1% 45 45 B [ g2 i) A2 Tt A% R A A7 (ARS8 o FE SRR LE 28,
A2 TC 5 22 B T 2 T % A% B MEPE RS T RCE M B R K, A AR RS 1 1Y) i AE RN
(Sakaluk and Eggert, 1996; Dhakal et al., 2018) . —S&Hf 77 R IHLEM g sedig b, 2CHC i
B 18] 5 A7 AL SR FE T (RS T 80 2 1IEAHR (Seo et al., 1990; Catald-Oltra et al., 2020),
KT 1E AT B = A X R (Taylor et al., 2000; Dhakal ef al., 2018) o Pyt f#A3
ARAS 22 R AZ C () R 22 I [, (HUMEME B FRIR LI 52 M R, R A1 PR 52 M AR K (Taylor and
Yuval, 1999) . (4) fEFRSFAMETEGRSEH, MELEZ) WAL a] DLadiad 25 Bras 1 IAT A i 3 PG At
PRV SR LN o IR Eegh JER BT, WEME DB 7 AT R Rl 1 BEE BRARIE B IALE], W
TEWEBR Scapsipedus micado saussure F1 5§ 32 SEWE Anastrepha fraterculus #1228 00F B 11 25
(Sakaluk, 1984; Pérez-Staples et al., 2013) , X3 BIMEME AT DU i 5 4 2 BrAS 52 00d )
FEVERIRS T, TOR B BB IRS T, MRS RS R . (5 MRS5S AK
R R AL e TG A BE B IR O B R S B A EPE S BC ) (Thornhill and
Alcock, 1983) o K, AHFFLEE Rt — DR, MG KL WM SR T DUR S R T 25
BENSERG BERAS NG, e A S A B R 125 1B

ZE ERTR, B TR B AT RSO AR R SR R 1 b A B A X R () 25 4 . ZH 2R B
Dife, W (1D PHZEER KIS M EEL N, USSR E:  (2) RER,



FHZME i, KR BROBRAE S 5 IETT A . ACHCTESNIN, B BIASMFRE ;3D M7
UL B 2576 T R WA 11 P A0 B 3 i i ) PH 25 e R BT, (4) B 25 5 e Fr e
B INET TS Fr i, BHZERE 08 BIA A i Ak Dy et AT FRAS O o MfE R ATHE B 1 5 S2 RS B
JERE R T M P ZE AR L, TR B It K B ZE AN RE 2 fE e ) 52 RS 3, MERYE P DL L 3 1) 45
TRGIENZHERRIEHZHRE . Pl R I B A BRI G XL g s 4
AL, — IOy TEN A2 IS s AZRCEEAT ML . AT T Oy A R R S AR B
BRI Z L, BARZES. FHZRIE sS4 b LRI FE LT ih 1 it S (B 1 J i
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