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Abstract [Aim] To determine the optimal morphological indicators for identifying the instars of Glyptotendipes tokunagai
larvae, and to explore DNA barcoding differences among different geographic populations. [Methods] Larvae were reared in
the laboratory, and ten sclerotized morphological characteristics (head capsule length, length from tip of the median teeth of
the mentum to the leading coronoid, head mentum width, mentum width, width of the median mentum tooth, antenna length,
length of antennal basal segment, mandible length, ventromental plate length and ventromental plate width) were measured.
Instar classification was based on the frequency distributions of these variables, the Brooks/Crosby index and regression
analysis. The CO [ gene was extracted and sequenced, and MEGA 7.0 was used to analyze sequence composition, genetic
distances and to construct a phylogenetic tree. [Results] The results confirm that G fokunagai larvae have four instars.
Among the measured characteristics, mentum width (Y4) had the best fit to the cubic regression model (R* = 0.997 0). Both the

Crosby index and coefficient of variation conformed to Dyar’s law, confirming mentum width as the optimal characteristic for
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instar identification. Three additional characteristics, namely antenna length (Y6), mandible length (Y8) and ventromental

plate length (Y9), can serve as auxiliary indicators. The estimated durations for 1st to 4th instar larvae were approximately 2, 3,

6 and 8 days, respectively. CO [ sequences had a distinct AT bias (A+T content: 63.75%). The phylogenetic tree divided

populations into two clades; one comprised of the Chinese population and another comprised of the Japanese and Korean

populations. The average genetic distances between the Chinese population and the Japanese and Korean populations were

8.31% and 8.70%, respectively. The genetic distance between the Japanese and Korean populations was only 1.14%.

[Conclusion] G fokunagai larvae have four instars, and mentum width is the most reliable indicator for instar identification. The

larval period is estimated to be 19 days. Cryptic species may exist among populations of this species in China, Japan and Korea.

Key words  Glyptotendipes tokunagai; larval instar division; morphometry; DNA barcoding; CO [ gene; genetic distance
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Fig.1 Ten morphometric indicators for instar identification of Glyptotendipes tokunagai larvae
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Y6: filfd; Y7: MR Y8: BRI Y9 JEAURK; Y10 MEZUTE.

A. Schematic diagram of larval head capsule; B. Schematic diagram of larval mentum, Ventromental plate, and antenna.
Y1: Head capsule length; Y2: Length from tip of the median teeth of mentum to leading coronoid; Y3: Head capsule width;
Y4: Mentum width; Y5: Width of the median mentum tooth; Y6: Antenna length; Y7: Length of antennal basal segment;
Y8: Mandible length; Y9: Ventromental plate length; Y10: Ventromental plate width.
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Table 1 Sequence download information of Glyptotendipes tokunagai and outgroup

Y)Fh Species

55 Accession number

KAEH Collection locality

155K MR R Glyptotendipes tokunagai
155K MR R I Glyptotendipes tokunagai
155K MR R I Glyptotendipes tokunagai
155K MR R Glyptotendipes tokunagai
155K MR R I Glyptotendipes tokunagai
155K MR R Glyptotendipes tokunagai
155K MR R Glyptotendipes tokunagai
185K MR R Glyptotendipes tokunagai
185K MR R Glyptotendipes tokunagai
185K MR R Glyptotendipes tokunagai
157K MM I Glyptotendipes tokunagai
187K MM I Glyptotendipes tokunagai
1l 7K MM I Glyptotendipes tokunagai
F MY ERBA 28 FE 8L Kiefferulus barbatitarsis
F MY ERBA 28 FE UL Kiefferulus barbatitarsis

KP902774.1-KP902775.1 f[E China
KP902770.1 # [ China
MN521273.1 f1[E China
YHI217-18 # [ China

JF412117.1-JF412127.1 1% [ Korea

AB838662.1-AB838665.1 H 4 Japan

JCDB053-15-JCDB055-15 H 7 Japan

JCDB106-15-JCDB108-15 H 7 Japan
LC773059.1 H 7R Japan
LC773024.1 H 7 Japan
LC773037.1 H 7 Japan
LC773058.1 H 7 Japan
LC773356.1 H 7 Japan
KP902782.1 " China
KP902780.1 " [ China

2 #RESWH

2.1 {EKEEBREE Co [ ERFFFIHFES #
AT RAEKMER R 37 2 CO 1751,

MEGA 7.0 HCHE 20 553 B rl 1, A7 R 3 4 i
CO T 3EPKJEN 618-658 bp, H {570 45 585
A, RIS BAI S 64 4, A 94, T b
36.69%, A 15 27.06%,C i 19.34%,G 5 16.91%.
FEFUBRIELLR T, A+T BEEHN 63.75%, W
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BT GHC M aE (36.25%), RIHPIEM AT JKEEMER BRI, — 3k B A FE [ i ki
PifrE, X—45RaaRE co TREWIAR A, HB—3Z P EMRA . MEGA 7.0 1574l

B o KB 5T A By 0.24%
i B T 4 PP B 0.99%

pon ach
22 RAKHEBRIUR BRI I 2 B PR S B S 0.14%.

TR AEBIEL NI RELBWER (B 2), 8 E AR R 0 i A H A -3 15 A

65 “ A AB838665.1 {7k B FE L Glyptotendipes tokunagai| H 7% Japan
JCDB107-15|fE 7k Bti# 3% 1 Glyptotendipes tokunagai| H 7 Japan
LC773356.1|{&E 7k BRI Glyptotendipes tokunagai| H 7 Japan
LC773058.1|{& 7k BRI Glyptotendipes tokunagai| H 7 Japan
LC773037.1/fE 7k REHEEEL Glyptotendipes tokunagai| H 4 Japan
LC773024.1|{E 5k M FE I Glyptotendipes tokunagai| H 7 Japan
62 A LC773059.1{& 5k BRI Glyptotendipestokunagai| H 7% Japan
JCDB108-15|f i ff# % i Glyptotendipes tokunagai| H 7% Japan
JCDB106-15f27k Bl #% I Glyptotendipestokunagai| H 7% Japan
JCDBO055-15f&7k Bt #% I Glyptotendipes tokunagai| H 7% Japan
93 | JCDBO054-15|f 7k B2 8 Glyptotendipes tokunagai| H 4% Japan
JCDBO053-15f&7k A+ I Glyptotendipes tokunagai| B 2% Japan
AB838663.1|f 7k AL I Glyptotendipes tokunagai| H 7% Japan
AB838662.1|{E 7k Bt HEIL Glyptotendipes tokunagai| H Z< Japan
Pt AB838664.1|{E 7k ML Glyptotendipes tokunagai| H 7% Japan
JF412126.1/f& 7k BRI Ghyptotendipes tokunagai| i [E Korea
JF412127.11f8 7k B BRI Glyptotendipes tokunagai| i [E Korea
JF412123. 117k B3I Ghyptotendipes tokunagai|#iE Korea
JF412120.1/fE 7Kk BEBHEIL Glyptotendipes tokunagai| 5 E Korea
JF412121. 1|57k fE# IR Glyptotendipes tokunagai| i [F Korea
JF412117.1/f5 7K BRI Glyptotendipes tokunagai|#[E Korea
JF412124. 1|57k FEH I Glyptotendipes tokunagai| i [E Korea
JF412125. 118K BEBHEIL Glyptotendipes tokunagai|#[E Korea
JF412119.1/f= 7k ff#H 3% I Ghyptotendipes tokunagai| i E Korea
JF412118.1|fE 7k BER BRI Glyptotendipes tokunagai|#[E Korea
JF412122.11f5 7k i #E I Glyptotendipes tokunagai| i [F Korea
’7 YHI217-18|f8 5k MBI Glyptotendipes tokunagai|-F[E China
KP902774.1 {5 7k REFRFEIL Glyptotendipes tokunagai|F1[E China
99 KP902775.1|{E K BB LI Glyptotendipes tokunagai| ¥ [E China
KP902770.1|{E Kk AL Glyptotendipes tokunagai| 7 [E China
76 MNS521273.1|{E 7k M FE I Glyptotendipes tokunagai| ' [E China
PV929835.1|{#E 7k At FE AL Glyptotendipes tokunagai| 1 [E China
PV929833.1|{Z 7k Mt FEIL Glyptotendipes tokunagai| F [E China
PV929831.1|{Ek REHFEEL Glyptotendipes tokunagai| 1 [E China
63 PV929832.1|{E Kk A FELL Glyptotendipes tokunagai| 7 [E China
PV929836.1|{HE 7k ML Glyptotendipes tokunagai| [E China
PV929834.1|{E 7k BEEFEIX Glyptotendipes tokunagai| 1 [E China

1@ KP902782.1| B M BRI 85 HE X Kiefferulus barbatitarsis
9 le KP902780.1|7& MIER 854 Kiefferulus barbatitarsis

0.02
B2 fEXIERENBEERELEN
Fig. 2 Neighbor-joining tree of Glyptotendipes tokunagai
RGERKEW IR HRSCRRR, bR R st e e

Numbers on the phylogenetic tree are bootstrap values, and the numbers on the scale bar represent genetic distance.
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Fig.3 Frequency distribution of the measured data for ten morphological traits in Glyptotendipes tokunagai

A, SkFEk (Y1), B. Zrp ik T 2 e 28 Ak PR RS (Y2); C. k% (Y3); D. %% (Y4); E. ZBhikse (Y5);
F. it (Y6); G ik (Y7); Ho E%i (Y8); I MEZUREK (Y9 ); I EBHRGE (Y10 ),
A. Head capsule length (Y1); B. Length from tip of the median teeth of mentum to leading coronoid (Y2); C. Head mentum
width (Y3); D. Mentum width (Y4); E. Width of median mentum tooth (Y5); F. Antenna length (Y6); G. Length of antennal
basal segment (Y7); H. Mandible length (Y8); I. Ventromental plate length (Y9); J. Ventromental plate width (Y10).
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