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Division of instar number and stage of the spongy moth Lymantria dispar larvae
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Abstract: To elucidate the morphological basis for determining instar number and stage division in lar-
vae of the spongy moth Lymantria dispar, we utilized populations as experimental materials, including
indoor-reared populations of the flighted spongy moth complex from Inner Mongolia Autonomous Re-
gion, Shanxi Province, Liaoning Province, Guizhou Province, Yunnan Province, and Sichuan Province,
as well as hybrid populations of the flighted spongy moth complex and the spongy moth. During each
molting event, shed head capsules were collected, and their width and length were measured to con-
struct frequency distribution graphs. Instar number and stage division were determined using Dyar’ s
rule, further validated through Crosby’s growth rule, and confirmed using linear regression analysis.
The results demonstrated that the frequency distribution graphs of head capsule width and length could
be categorized into seven distinct regions with high concentrations. The mean values of head capsule
width for instars 1-7 were 0.55, 0.92, 1.54, 2.42, 3.51, 4.74, and 5.88 mm, respectively. The mean values
of head capsule length for instars 1-7 were 0.49, 0.78, 1.21, 1.93, 2.83, 3.89 and 4.90 mm, respectively.
The Crosby index for both head capsule width and length was less than 10%, indicating that both can
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serve as reliable morphological indicators for larval stage division. The results also revealed that only a

small proportion of female spongy moth larvae reached the seventh instar stage; all male larvae, along

with most female larvae, attained the sixth instar stage. The modal age values for instars 1-7 were
10.75, 4.99, 468, 627, 824, 10.20, and 4.90 d, respectively. The entire larval period lasted approximately

50.03 d.

Key words: Lymantria dispar; larval instar; head capsule width; head capsule length; morphological

feature
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Fig. 1 Photograph of head capsules from larvae in instars 1-7 of female spongy moths
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Table 1 Statistical analysis of the measured values of morphological indices in spongy moth larvae
AL L6 A% SFEE AR I Brooks f54X Crosby #5414
Morphological feature Instar ~ Sample size Mean/mm Range/mm Brooks index Crosby index
ke v 1 245 0.55+0.02 0.45-0.59 - -
Head capsule width/mm 2 245 0.92+0.08 0.74-1.10 1.654 -
3 245 1.54+0.12 1.29-1.81 1.676 0.013
4 245 2.42+0.11 2.16-2.65 1.578 -0.058
5 245 3.51+0.12 3.24-3.70 1.449 -0.082
6 245 4.74+0.15 4.46-5.03 1.351 -0.068
7 101 5.88+0.38 5.40-6.65 1.240 -0.082
SkFe K E 1 245 0.49+0.03 0.33-0.55 - -
Head capsule length/mm 2 245 0.78+0.07 0.64-0.92 1.610 -
3 245 1.21+0.08 1.04-1.48 1.546 -0.040
4 245 1.93+0.12 1.69-2.22 1.596 0.033
5 245 2.83+0.12 2.61-3.07 1.470 -0.079
6 245 3.89+0.13 3.69-4.17 1.375 -0.065
7 101 4.90+0.27 4.36-5.75 1.259 -0.084
T HAE N T B 5brifi 2% . Data are meantSD.
R2 FEHHELL R
Table 2 The stadia of spongy moth larvae in different instars
R [l 5 75 LEESES ERAKF KEHE AR I
ey Regression equation  Correlation Significance Median value of Population
Degree of development g 1 . & OP)
y=ax+b coefficient R level P development/d  majority stage/d
UpiI71k Egg Hatching »,=0.235x,+1.133 0.972 <0.001 16.46 10.75
5 1 YK 2 The first molting »,=0.138x,+1.245 0.978 <0.001 27.21 4.99
%5 2 YKI5i K The second molting »=0.127x,4+0.911 0.984 <0.001 32.20 4.68
% 3 VKW 2 The third molting »,~0.100x,+1.312 0.971 <0.001 36.88 6.27
% 4 YK K2 The fourth molting »5=0.088x,+1.203 0.980 <0.001 43.15 8.24
55 5 YRI5 Kz The fifth molting ,=0.094x,+0.169 0.977 <0.001 51.39 10.20
55 6 Wi I The sixth molting »7~=0.081x,+0.011 0.984 <0.001 61.59 4.90
AL Pupation 1,=0.101x,-1.715 0.998 <0.001 66.49 -

RI FTEMBEESBYRLEHPERERE
Table 3 Developmental duration difference test among spongy

moth larvae in different populations

8 il Degree of development P
§¥%{k K%L Hatching period in days <0.001
1 %4 3 1st instar larva 0.002
2 %4} H 2nd instar larva 0.197
3 #4540 H 3rd instar larva 0.229
4 %% H 4th instar larva 0.162
5 #5411 5th instar larva 0.060
6 %4 1 6th instar larva 0.380
7 #%4) H, 7th instar larva 0.936

243 REFEESE Ak 1 854 & 69 & F 7 B ik
ST ASIRIFP R A S Bk 1 I8 2l HU% 75 D7 A a0k
IV LA . 255 RN Y N 58 22 58 ph e
FEMNARIE LT RS 5 M FR R 2 (R 9 1 R & s
BB E (F6) . MNP S Al 4238 Ffh
BER 108 KB DA s 4 450k 8.17 d, 5N A

I Ec 11.67 d, T FMBE 1R EE
o i Ek 8.50 d(7)

3 it

I 4y R 0 ORI B0, 2 B A W2 R T
GERY HEA R, A2 B 22 41 S IR I AL Y AR
i . Jobin et al. (1992) Fl1 Mcclellan & Logan(1994)
WFERIT SR MR A I RS A 6 %, AT
AN A, BB 4l iy e RO 718 B R
A3 B e 4y SRR B A 7 08 B B, LA T
PESERE I 4y ORI A B Y e E SRR I 4 R I TE 6 W8 5
ARG FR o MEVELh BRI R 2 T HErES) AT e
& RN MEYE S T e 8 W Bos SR Z2 19 5747
R Z 5 BB B AR B AT N AT E SR A . AL
Z5(2017) TEXT AN IR B0 Aphrophora flavipes 47 IS EL
KA AR 3 5 b R B, A AR 1 Sk e i
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Table 4 Difference test for variations in hatching days among spongy moth larvae in different populations

T R < L PG Ly =M v e Pl S
Population EuropexShanxi Liaoning Yunnan Shanxi Inner Mongolia Sichuan Guizhou
FR Y > N 5 iy EuropexInner Mongolia 1.000 <0.001 1.000 <0.001 1.000 1.000  1.000
ERUH < 11175 EuropexShanxi - <0.001 1.000 <0.001 <0.001 0.214  0.165
il 7 Liaoning - - <0.001 <0.001 <0.001 0.048  0.001
3P Yunnan - - - 0.001 1.000 0.158  0.153
11174 Shanxi - - - - 0.001 <0.001 <0.001
M52 10 Inner Mongolia - - - - - 0.016  0.007
P4)1] Sichuan - - - - - - 1.000
M Guizhou . _ _ _ _ _ :
x5 FEMBESHSDAMUREHNRITSE
Table 5 Statistical parameters for the hatching days of spongy moth larvae in different populations
i FEACE: R IR R/ME 2 N1
Population Sample size Average/d  Group median/d Minimum value/d Maximum value/d
11174 Shanxi 31 9.00 9.00 9 9
3210 Inner Mongolia 31 15.39 15.00 13 20
iL 7 Liaoning 32 37.97 38.68 13 41
B Guizhou 41 18.10 18.29 16 19
Z [ Yunnan 20 16.00 16.00 16 16
P4J1] Sichuan 20 18.25 18.25 14 19
KR > 111 P EuropexShanxi 39 16.72 16.00 10 30
FRM > N 521 EuropexInner Mongolia 31 17.58 16.67 14 29
F6 AEMBFESHI1RYRLFTHENERERE
Table 6 Difference test for the first instar larval stage among different populations of spongy moth larvae
Tl R > 1L 7 Ly =M iy e | el
Population EuropexShanxi Liaoning  Yunnan Shanxi Inner Mongolia Sichuan Guizhou
FRIM < N 5 7 EuropexInner Mongolia 0.197 1.000 1.000 1.000 1.000 1.000  <0.001
BRI < 111 VG EuropexShanxi - 1.000 1.000 1.000 1.000 1.000 1.000
iL7* Liaoning - - 1.000 1.000 1.000 1.000 0.028
7% B Yunnan - - - 1.000 1.000 1.000 0.522
1174 Shanxi - - - - 1.000 1.000 0232
P52 1T Inner Mongolia - - - - - 1.000 1.000
P4)1| Sichuan - - - - - - 1.000
M Guizhou - - - - - - -
R7T AEMBESHEHR1RELFTHBENFITSH
Table 7 Statistical parameters for the first instar larval stage of spongy moth in different populations
i AR FREC R /M RRAE
Population Sample size  Average/d Group median/d Minimum value/d Maximum value/d
11174 Shanxi 31 10.13 8.73 7 18
P52 1T Inner Mongolia 31 10.29 9.40 7 16
il 7 Liaoning 32 9.66 8.50 6 17
5tJH Guizhou 41 11.80 11.67 8 18
73 P Yunnan 20 10.00 9.56 6 17
P4)1| Sichuan 20 10.60 9.67 7 18
PN < 111 P4 Europex Shanxi 39 10.85 10.38 7 18
BRI EY % A 52 1l EuropexInner Mongolia 31 9.16 8.17 7 17
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Ko B AR TR AR R T R 1 Sk
SO T A B AR PR A0 v 9 P 9 D 2 o ] S5 gt
BT 5 B RO 4 R g A (R R A S A
1988) , IRl it 3k 52 5 B WA Ry R 43 B H T 4 v
WIRHEAR . IsKAEESF (2023 ) R F Sk 7 5 BE AR K
JEAE by A0 5 ki v P e &0y TROUA S Y R A 5 SR SR
(2022) R HMAK HI T # 5 Sk 7e Se Ak s K B
Y Ry P BT R A4 RS W A e bm o B Sk 52 v B
Hb, HAIE S TE bRt a] TR0 3 &l dUi 197, (B AN 2 i
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VB R R 852835 T 4 By o i e br (ARG A
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BRI AN ORI, Horp Sk SE S BE AR L T3k re KB R B
UFRYR 38R . IS5 185 Jobin et al.(1992) F1
Mcclellan & Logan(1994) #3625 A [R], — 341
ISk TE T8 BN BEAE R X Hb B g e 4 A i ) 53
FE% , X AT e BT LR R i 4 AR 1R [) pir
£, Jobin et al. (1992) Fil Mcclellan & Logan(1994)
5T T A HERFI R R A T EF AR AL RN Y S 75
0, A B AR R R BTS00 % w1
RUSETF MR 1 J5 AR DRI P RN R 5 S 7 ik A= 22 1)
St BEABERE MR AR IR RIS YA,
FRT e T o 45 R s B 22 5 (R, 20025 F
%,2022)

MR e 8 (2009 ) X5 A [7] M B A HE Z MG Musca do-
mestica 7E 5P 3] | 4y MU U3 09 & B i B AT L
B, LR R 28 25 5 o MAEASH G XA ]
FESERE 4 0 e B P IR T o0 AT, e BRAS [R] At
(] A SR AL R ORI 1 8 4 kB T A B 2 25
AT R H AR Y 2 S LY o

AMFFE A T Sk 5c 50 B RSk 7o K B AT LAAE Ry 5
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