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Classification and patterns of ovarian development
in Serangium japonicum
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Abstract [Aim] To establish morphological criteria for classifying ovarian development in adult female Serangium
Jjaponicum and reveal dynamic patterns in the ovarian development of this species, thereby providing a theoretical foundation
for optimizing artificial breeding techniques. [Methods] Microscopic dissection and morphological observation were used to
examine ovarian development during the first 30 days post-eclosion. Ovariole length was measured, and oocyte numbers were
quantified to establish classification criteria. Correlations among developmental parameters were analyzed. [Results] The
reproductive system exhibited typical bilateral symmetry, comprising ovaries, lateral oviducts, a median oviduct, and a

spermatheca. Based on ovarian morphology, ovariole length, yolk deposition, and oocyte number, ovarian development was
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classified into five distinct grades: Stage | [transparent period, day 1, ovariole length (477.50 + 8.17) um], Stage Il [growth
period, day 2, (569.55 + 26.20) um], Stage Il [yolk deposition period, days 3-5, (939.95 + 17.34) pm, 12-34 immature
oocytes], Stage IV[peak oviposition period, days 6-28, (1 265.82 + 19.43) um, 10-48 immature oocytes, 0-7 mature oocytes],
and Stage V [late oviposition period, days 29-30, (1 706.91 + 42.32) um, 4-12 immature oocytes]. Significant differences (P
< 0.001) were observed among stages in ovariole length, and in immature and mature oocyte number. Ovariole length
underwent a three-phase developmental pattern and showed strong positive correlation with days post-eclosion. [Conclusion]
The five-grade classification system is scientifically robust, with ovariole length serving as a reliable indicator of

developmental stage. These findings provide theoretical support for the mass rearing of S. japonicum Chapin for use as a

biological control agent.

Key words Serangium japonicum; ovarian development; morphological classification; developmental stages; biological

control; ovariole length
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2023) .

ILHA} Coccinellidae KL HUHi & HE J1 5% |
IEE )T B, EAEIRIRIR R Rk
PR (22U AR AT, 2021) o HET, B
HGp 8L R BT FEE DT L RIE Coccinella
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SR S0 e 7 BRI B B ( i R B4, 19805
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HEAR . RGN/ NRIEH N E R 7 25 IE
AR, X AT A AT SR A B AR e R A
WEE L,

HAR TSR Serangium japonicum X} HHA;
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Yao et al., 2019, 2020; M#45E, 2020; A
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1.3 HESH
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GraphPad Prism 8 ( GraphPad Software, San
Diego, CA, USA) £l REE K | RS
TGP 5 BORE P A R & B sh A L [mH 5y
Mo Al b T 2tk L ik 23R =Rk 2K
BRI RO, IR ARE (R?) ikl
BEARY 32 ] Pearson AHIC/M BT 45 46 0 5t 48 A ]
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i, AR S T AT AL 2T A
SEAEIBE ., 41122 5 5 R Tukey's HSD it
TR, FrA K% S EHK TN a=0.05,
Beln P (bR R R

2 BRER

2.1 BRHAEERFERESEN

H A 7 Ay I ME R H A B 2R 45 52 0L 3
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TSR, U A Y om ik XA o IR ERAn
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7C, JREA R E i I B R P RRTIRAS, 145
VR0 0[] ek 14 ) 32 208 E . AR BE R GE) AR
AR ARTE I | AR SRR AR, T AR B D R T
SRR R BT, AR B A DU 3] P A 1 S 4
YERT o Mkt B KR skE 2 G 48, o0 T4 o
ERGMTT, eI HEIENC T sk, BD
=GR AT AR W B 1A R R RE LR D —
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E1 HAJNANHERRANEERGEARESEN
Fig.1 The reproductive system in adult female Serangium japonicum
1: W2z 2. DUEGBRAE; 3. SEONAE; 4. ABEME; 5. EFEMG 6. ZHiE#E; 7. BIE.

1: Terminal filament; 2: Lateral oviduct; 3: Median oviduct; 4: Genital chamber; 5: Genital plate; 6: Spermatheca; 7: Egg chamber.
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Bl DAMVERZERAZEECD v 1. P=
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®1 BARTNAMBRARPELFERNESFIERILER
Table 1 Morphological parameters of Serangium japonicum at different ovarian developmental stages
KEER PREL (d) IIEEKE (pum) PRV AR 5L

Development stages Day after eclosion (d) Ovariole length (um) Immature oocytes number Mature oocytes number

I % Stage | 1 477.50+£8.17d 0.00+0.00 b 0.00+0.00 b
I %% Stage Il 2 569.55+26.20 d 6.00+1.00 b 0.00+0.00 b
%% Stage I 3-5 939.95+17.34 ¢ 24.44+2.33 a 0.00+0.00 b
IV Stage IV 6-28 1265.82+19.43 b 25.33£1.06 a 2.62+0.19 a
V & Stage V 29-30 1706.91+42.32 a 7.83£1.08 b 0.63+£0.26 b

Bl P EebrER . FAVER S AFNG FRERR 2R B3 (P <0.05, Tukey’s HSD #40 ) o MZAHE A 3-5
KREPEEME (n=9) 5 VHEFEASE 6-28 RIYTFIIMH (n=69) ; VIEHE R 29-30 RIFIE (n=6) .

Values are mean + SE, and followed by different lowercase letters within a column indicate significant difference (P < 0.05,
Tukey's HSD test). Data for Grades Ill, IV, and V represent averages from days 3-5 (n=9), 6-28 (n = 69), and 29-30 (n=6)
post-eclosion, respectively.

A

1%
Grade |

o4
Grade Il

I1E43

Gradell

V4
Grade IV

V&
Grade V

B2 BAJTIAEIMAINERTHRIRESHIE
Fig. 2 Classification and characteristics of ovarian development in Serangium japonicum
A EIIE (T80 5 B AR (TE) 5 C. BByl (ME) 5 D. P=ORas (V) 5 B 720k (V) .
=1 000 um, A. Transparent period (stage 1 ); B. Growth period (stage II); C. Yolk deposition period (stage Il); D. Peak

oviposition period (stage IV); E. Late oviposition period (stage V). Scale bar =1 000 pm.
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Mg (AR . BBERLE 2 K, i
EAAA, WEREMKEMHEE (569.55+
2620 ) um, AFE X TR SR A0 I AT O LA
I 4-7 DRI (B 2: B) .

Mg (O ) . B RILES 3-5 K,
BB R R A, P EE KL (939.95+
17.34) um, BNEEIKIGAR, & 12-34 AR
BIF, JFLRONEDIRL (B 2: C) o

IV (=Bl ) - MPIMEES 6 RIFGG, oI
R, PR E R (1265.82+19.43 ) um,
PR ARSI, AREARHE, % 10-48 R LAY
FH0-7 D ADRF, IR R TIAR(E 2: D).

V& (FRE0ARM ) « HBUEPLES 29 K)F,
PRERER BRI, BREASKIEIR (170691
42.32) um, HHHEIEGE LR Rk D, BN E TR
WD, & A-12 RGN (Bl 2: E) o

23 BERXFITTHE

PG 30 d A, BRELAEH B Rl P AL R B
AL FF A =R 2 I ] AR p=452.9+
127.8x-7.34x>+0.15x* (&1 3: A) , ZBIAMUA L
J# (R*=0.956 ) WAL TR (R*=0.874)
MR ZIHAMT (R*=0.879) , fEMERH S kb
HUE R = B B KARE, SRS P K S
PUEH IR EARIEAC (£2) . KAELIEEHR
RIRAE K (FkAT 5 d, 29 500-1 000 pm,
I -MEFHE) . h 8K sE (5 6-20 X,

IV IR ) | e IR g (5
21-30 X, V=B 5 2 V 9 AR )
M =B Bk B, 255 30 KTk 1800 um DA
(K3 B),

H AT FEAEPEE 2 RIFRIEL, 56
3-5 Rk FIWEAE (29 30 K% ) , BifiJe 767~ B0 1 4k 15
SIS, JRSTER 10-40 K2 (E 3. B) . K
BCABE TS P H AR B3 (1= 0.293,
P=0.115) , R HEE AL T 2527 PG 3l
W(FR2) .

TR T MPIARES 6 KIThA T PE, SR
() JE PR B Sh AR AE ([ 3. B) o MEIR T 85
P H ISR B TEAC (r=0.464, P=0.010)
(F£2), TEF=URIN B AN I8AE, S e T[]

BJCPE 72 B ) A
3 itig

AN T HARTI MBI E LB 5
WOy Rbrife, 2GR FEIRhRET BE, TR
TR R B R0 X o BE RS M . LU 07
T H A S 3 I R W 1) A A ML A
05 RIS

MHEIPERBENRA L L, WMEES
(1980 ) Zr3 BR SR | ORI B AP ==
KEWROESR, KRR E LTSN 7
ANEEG s AR (1981) B IRE40 M &

x2 BERINATNHIPERESBNEXES
Table 2 Correlation analysis of ovarian development parameters in Serangium japonicum
£ Parameter PICRE SERE R T WS T
Day after eclosion Ovariole length  Immature oocytes number  Mature oocytes number

P K H 1 0.935 0.293 0.464
Day after eclosion (<0.001) " (0.115) (0.010) "
B 545 K i 0.935 1 0.364 0.407
Ovariole length (<0.001) " (0.048) " (0.025) "
BN = 0.293 0.364 1 0.460
Immature oocytes number (0.115) (0.048) ° (0.010) °
I TE %5 0.464 0.407 0.460 1
Mature oocytes number (0.010) (0.025) " (0.010) "

BUHAOR BRI REL, 55NN PIE. *FOREREE (P<0.05, XU k) .

Values represent Pearson correlation coefficients with P-value shown in parentheses. Asterisks indicate statistically significant
correlations (P < 0.05, two-tailed #-test).
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B3 BHATNAMHRNELFHEEN

Fig.3 Dynamic changes in ovarian development of Serangium japonicum

A GIEVERIE S P RB A 08T . BRSO SNBSS G INZR, B 95% EiAH DX 1]
B. FILJG 30 d A B LA R R O 1 Ec i TR S0 AR A . R P AR DR (n=3) .
A. Regression analysis of ovariole length against days post-eclosion. Black solid circles represent
observed data points, the solid line indicates the fitted regression curve, and dashed lines represent 95%
confidence intervals. B. Time-series changes in ovariole length and oocytes number within
30 d post-eclosion. Data in the figure represent mean = SE (n = 3).

BRI K T8 3 NEHE 9 BB T 4E
KR RKBAE (2009 ) | XG4 (2016) ZHT
IR REL A R B ARBEAT 6-7 B0y, SR, BT
OB A0 4 B AT A G AR T /N
WGPk . H AT MR &k B A, DR
BUTRBUH R P ORI 3 d, BEMTEAM
W s-16d (MEBS, 1980) , EHIEASEW
SEME LA DX 43 DR V8 9 B ) P i 25 57 o
U, ARBFICR EEA R R, LAOP S K
KT, A5 R DTURURE B AR TR A T
SYRHNE , TERAEESR , 38 TN T
Al AN, CAEMRZE T TINRME AT E
PRI B (1 E B4, 19805 RN,

1981) , ARMFFOR SN IEA 2 ORI, f87R
T O O SR A R S 1 K S B AR

EWO G, RO T /NN A A A A R A Y
TR

P B B4 B 5 R A A I Y TE AR G
KHR, NERTR (96 ) | @I (58471 ) ,
FfasUE AR (16-24 MR ) , P8 H A T M B (fH
FE 8 AR ), RIS [ ARSI ST TR W 1 O3 Ak
(FRRWEAE, 2009; PRIGSE, 2015; XI5,
2016) o HA IS El A O H AR, H4)
PRIFE R i a1, H R AR i) = B
i (TR, 2019) , FRUJHGE 4 & o
RN RAMAE R S F

HURJE T A synovigenic ZEAY,  HIVHE K
P B L PN T BB F, 75 i RS O
KRR ESERE ST (Jervis etal., 2002) , H
A 7 A B S B R A S AR S A
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2 P & BN ] WU 4 ( Ferreira Rodrigues
etal., 2022) , S EEHE FMG i HRE AL ) 2 i
i ZUALE A R PR rh A AR Y BB o A5
Hh R B B A 5 Pk H I ) TG AR DG
TEPMEES 3-5 KR 2 A J5 4ERp AR AR E
2 B1IZ AR AE AR [ 5 1 A LA IR A O B
FEA RS, AR S PREE SR S A H 5 7 R A At
A= BRELAT . O SRR I 5 P4k H I S 1 AR
KRR, EREEHER O BE, wERTGE
PEAR M R AR 3R B RS I AT SR bR v

MR A AR, MBS /N d AR ]
WG . B (Xiaeral., 2021; Milenovic
etal., 2023 ) , HA TS E AU 51 554 7 1)
(i) ol L 7 5 2 4 400 T e vy e A i
TABFREER, dUCK IV MR A ( ISR
1265.82+19.43 pm ) 1524 H (R BE ik 1) Bl & 8 By
B, MR I e R o

PR BTy, AR B Ag ] 3 Sk
HORBORE 7 58 R BAZ BT H AR ] A B iR Y
/AN (1720 mm) | MERESNESIEASTC2E 5 . 15
BT —PEEROR R, KR HUR] H i 2
R 3] ol He R X JEE AR o VNG, ASBF 9 3%
ZEIEE 30 d, RG] 90 SkHEH, WEEINEL
BRI, &K EHERNG 585 R Bosta iR
] 25 5 0 3 o (HIZFEA EANAAAE—E PR, JUH:
LY (n=3) M%K% (n=3) BrBEARGEmD,
Jo BEAF ST N AR S VPG R H UM B, DL
— AR R A R R AR E

WAL, ABIE 58 3 T Fr o S50 & S5 375 i 2
R, ARSI EE B 5l | B FRARG K R H]
ERFERFSNMERE T ELZSRE MW
( Agyekum et al., 2022; Tiwari et al., 2024; 3
WEEESE, 2025) , ARMFFE N H S OCERSE N F
PONITRR = 9= A ]I T N 1 e s 7
WA 2FMELT- B, Bl = X o3 F R4 HLE] IR AR
o BEEDRANE | Wi R . DR 55 ¢
R4 R T LE 0 2 8 R (Wu er al.,
2021; Zhouetal., 2024b) , A Ja N4 & 4
L AR ETB, WA#NT H A T] Mk
R = 8 e e o L
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