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Morphological characteristics for identifying theinstars
of Semiaphis heraclei
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Abstract [Objectives] To find morphological characteristics that can accurately discriminate between the different instars
of the aphid Semiaphis heraclei. [Methods] Eight morphological indices of winged and wingless S. heraclei , including body
length, body width, head width, antenna length, mesothoracic width, cornicle length, cauda length and hind tibia length, were
measured. Multiple comparisons were performed to detect differences in the length or width of morphological characteristics
using an LSD test. Correlations between the length or width of morphological characteristics and instar number were analyzed
with linear regression. [Results] The instars of S heracleid (P < 0.01) differ significantly in all eight morphological
characteristics measured. Indeed, there was no overlap in the antenna or hind tibia length of adjacent winged or wingless
instars, which means that these measurements can unequivocally identify instars of both morphs. There was a small amount of
overlap in cauda length between the 3rd and 4th wingless instars, and between the 4th instar and adults of the winged morph.
Furthermore, the antennae of 1st instar larvae have 5 segments whereas all other instars have 6 segments. Thus, 1st instar
larvae can be reliably identified from the number of antennal segments. Cauda length could be regarded as a typical index to
differentiate between nymphs and adults. 3rd and 4th instars of the winged morph can also be identified by their expanded
mesothorax and wing bud characteristics. [Conclusion] The instars of S. heraclei can be quickly and reliably identified

based on antenna length and hind tibia length. The cauda length, the number of antennae segment, wind bud and cauda
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development, also facilitate identifying the instars of this species.

Key words Semiaphis heraclei; instar; morphological characteristic; antenna; hind tibia

B NS EF Semiaphis heraclel SJ& T2F
## H Hemiptera ¥ £} Aphididae > 4%F)& Semiaphi,
HAEVG s Ry e 2y F SR, B NS b
Daucus carota var. sativus, fi->& Apium graveolens
F12409 Angelica sinensis <L RHEY), &Z%
FAHA (454E) Lonicera japonica S5 24 )&
T (3RS F B R AR, 19835 £ =5F, 2011;
PhEZ, 2013 ), TEILZR . TTdb RN me 45 AR A0
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Fig. 1 Schematic drawing of measurement for
mor phological indices of viviparae
in Semiaphis heraclei

L R 20 fR%E; 3: k95 40 RlfAK; 5. TITE;
6: IBEK; 7. BRK; 8: FERNK,
1: Body length; 2: Body width; 3: Head width; 4: Antenna
length; 5: Mesothoracic width; 6: Cornicle length;
7: Cauda length; 8: Hind tibia length.
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B2 WE MMUE SIS SR IMNIRES
Fig. 2 Morphology of different instar of viviparae in Semiaphis heraclei
Do Vil I 28%2mf; M. 3835, V. 48350, V. Wilf; WL Jo#Al; wD. 88, TEF,
I : 1st instar nymph; II: 2nd instar nymph; Ill: 3rd instar nymph; IV: 4th instar nymph; V: Adult;
WL: Wingless morph; WD: Winged morph. The same as below.
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Fig. 3 Cauda morphology of different instar of viviparae in Semiaphis heraclei
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Tablel Comparison of morphometric characteristics among different instars of viviparae in Semiaphis heraclei

W Instars

b

morph 1st instar 2nd instar 3rd instar 4th instar Adult
nymph nymph nymph nymph

K FEHIME Mean  0.740£0.012¢ 1.064+0.017d 1.262+0.012¢ 1.422+0.020b 1.745:+0.042a

Body length 75 {pifi ¥ Range 0.605-0.840 0.978-1.202 1.205-1.381 1.260-1.637 1.467-2.189

N SEHIME Mean  0.356£0.008¢ 0.517+0.012d 0.645+0.006¢ 0.711+0.008b 0.891+0.026a

Body width 73 {k i & Range 0.278-0.415 0.454-0.611 0.588-0.684 0.638-0.758 0.647-1.090

3% SEHIME Mean  0.25120.004d 0.322+0.004c 0.356+0.002b 0.361+£0.003b 0.404:£0.007a

Head width  7Z5{{ i i Range 0.222-0.276 0.300-0.351 0.324-0.371 0.336-0.392 0.370-0.469

g K FHIME Mean  0.285£0.006e 0.473£0.008d 0.654+0.004c 0.769+0.006b 1.014+0.026a

%ﬁiﬂ Antenna length 25 {FiF & Range 0.235-0.316 0.409-0.543 0.630-0.680 0.729-0.801 0.862—-1.274

Wnlll(l,ielfs o g 55 SEHIfE Mean  0.292+0.007¢ 0.436£0.007d 0.542+0.005¢ 0.592:+0.007b 0.715+0.019a

Mesothoracic width Z5{f i ¥ Range 0.233-0.345 0.383-0.481 0.497-0.604 0.531-0.645 0.565-0.879

K SEHIME Mean  0.02120.001d 0.042+0.001¢ 0.062+0.001b 0.064+0.001b 0.093+0.002a

Cornicle length 25 {L i Range 0.018-0.025 0.029-0.049 0.059-0.067 0.058-0.068 0.078-0.111

B K FHIME Mean  0.027£0.001e 0.054+0.001d 0.0860.002¢ 0.110£0.003b 0.1580.003a

Cauda length 725 {{ i} Range 0.021-0.035 0.049-0.061 0.075-0.110 0.089-0.140 0.141-0.192

FRg K FHE Mean  0.237£0.004e 0.382+0.009d 0.533+0.005¢ 0.656+0.004b 0.815+0.016a

Hind tibia length 7 {LIEJ¥ Range 0.211-0.273 0.308-0.450 0.505-0.579 0.631-0.687 0.711-0.978

K SEHIMH Mean  0.740£0.012¢  1.06420.017d 1.330£0.025¢ 1.522+0.028a 1.372+0.027b

Body length 75 {p ifi ¥ Range 0.650-0.840 0.978-1.202 1.112-1.485 1.318-1.769 1.100-1.589

N SEHIfE Mean  0.35620.008d 0.517£0.012¢ 0.596+0.007b 0.673+0.013a 0.548+0.009¢

Body width AR LR E Range 0.278-0.415 0.454-0.611 0.515-0.665 0.586-0.761 0.476-0.637

3% SEHIME Mean  0.2510.004d 0.322+0.004c 0.361+0.001b 0.386+0.002a 0.371+0.003b

Head width  7Z3{kiFf Range 0.222-0.276 0.300-0.351 0.345-0.369 0.369-0.407 0.347-0.389

fil SEHIMH Mean  0.2850.006e  0.473+0.008d 0.862+0.006¢ 0.966+0.007b 1.251+0.017a

ﬁﬂiﬂ Antenna length 25 {F iE )& Range 0.235-0.316 0.409-0.543 0.804-0.891 0.925-1.055 1.127-1.395

ﬁ?&f o g 55 SEHIME Mean  0.292+0.007d 0.436£0.007¢ 0.622+0.003b 0.723+0.006a 0.510+0.009¢

Mesothoracic width 254 I ¥ Range 0.233-0.345 0.383-0.481 0.601-0.643 0.675-0.766 0.441-0.571

MK SEHIME Mean  0.02120.000d 0.042+0.001¢c 0.053+0.001b 0.070+£0.002a 0.068+0.003a

Cornicle length 75 {LliE ¥ Range 0.018-0.025 0.029-0.049 0.049-0.060 0.059-0.072  0.046-0.099

BHK FHIME Mean  0.027£0.001d 0.054+0.001c 0.072+0.001b 0.079+0.001a 0.085:0.003a

Cauda length 75 {p i} Range 0.021-0.035 0.049-0.061 0.067-0.076 0.072-0.096 0.063—0.110

ERppyk P Mean  0.237+0.004¢ 0.382:+0.009d 0.544:0.005c 0.636:0.004b 0.847+0.018a

Hind tibia length 75 {k #F i Range 0.211-0.273 0.308-0.450 0.504-0.587 0.614-0.677 0.681-1.007

PR P AR TR G A AR/ NG FREFRR 225 W3 (P<0.05),

Data in the table are mean = SE, and followed by different lowercase letters within a row indicate significant differences at

the 0.05 level.
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Fig. 4 Overlap of the antenna length, hind tibia length and cauda length of of viviparae in Semiaphis heraclei

AT 25 R AR 0 5 (A A (7] e 300 1) A AN ) A
JETE S, NIl M S AR R A b Rl
Wp JCSH R R SR P R JC T B, Al AR i 4
BT ESR R B RAER oy R R A &,
AR I 0 A LA

24 WE D RE ST AL A 5] e HA T A R AE
EESREMEESSH

XTI N SRR AR TESE 8 MBS
T (5 AR I SRR RO AT [l A 0B, 25 25R sk

2 PR, BT TR bR A 505 55 R AR AR
FIPEXZR (P<0.01), FHirf Joi 52 0 fib
K55 RTS8 E0L M R B 5N
0.974 5 0.978, A # B ML S FRAE -5 18500
LM BB R 0.948 5 0.967, FHIfilff K
HIERIBWK S8 M o St
PEIX A FE AR AE A B N G A IR AF oy 1] 4
S T EEFR bR AE AT S TC R
F K GBI AHOC R B0 0.935 F110.906,
BT DK B R A iz i O U Rk B
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Table2 Regression relationship between mor phometric measurement and instar
number of viviparaein Semiaphis heraclei

2R T A5 2 AL EVEpyi HMAXRBR P {E
Wing morph Morphometric characteristics Regression equation Correlation coefficient P value
14K Body length y=224.20x+561.50 0.923 P<0.01
5% Body width y=119.37x+258.57 0.914 P<0.01
3k % Head width y=36.34x+232.00 0.797 P<0.01
S i fil K Antenna length y=163.29x+137.14 0.974 P<0.01
Wingless morph 1 g 5% Mesothoracic width y=100.65%+214.00 0.911 P<0.01
4 K Cornicle length y=14.82x+10.15 0.882 P<0.01
J R K Cornicle length y=28.18x1.44 0.935 P<0.01
Ji 25K Hind tibia length y=141.00x+99.30 0.978 P<0.01
44 Body length y=261.14x+511.26 0.915 P<0.01
1K 9& Body width y=102.97x+277.74 0.864 P<0.01
3k 5% Head width y=44.25x+219.59 0.907 P<0.01
A5 fili /4 Antenna length y=243.07x+38.82 0.948 P<0.01
Winged morph g 5% Mesothoracic width y=147.87x+148.60 0.969 P<0.01
R4 K Cornicle length y=15.81x+6.89 0.941 P<0.01
F& Fr K Cornicle length y=17.66x+13.79 0.906 P<0.01
J& 5 K Hind tibia length y=136.12x+109.25 0.967 P<0.01
3 iwTig M, 20185 BAMRAEAE, 2021); MR AEA A

HAE N R AR B E R, oA

I 77 BRI G: . AWFTas R R, F Al
MG R EEGbR, S5 R ATy
B ZEE TOR R R & AR A bR ] S B
I B A DI AP A [7) i P PR U 3 —BF 5%

S5 AU 2R 0 B A A T2 i e SRl 2
[7i] AL PR P 5 B S S, 3 T S AR AR AR B A
BESHAS 2 BT AT A v WA B 1 00 46 B
i R op A 5T S L E BRI
M EEOR A K R BT RAER K 3 A
FEBRAE R4 01 S 00 ) T EAE AR, X SR AR e
o R A e R, b s R R KA
WK I 22 o FEFT A R G R IR T KA s 48 b
FIBE G | AT KRG SR 5T 38 R
ZAR bR R ] X 4y BRI, AT AE S B AR AR
(Ishikawa et al., 2008; VFIaF|%:, 2014; 2%

R R 850 MO o B0 S | e A Ry R A ( R
2520185 BPRAGSE, 2021), FWF. AREFAIH
W UPF D) A% i 7 R 5 KA S HLBEHE BR ( Singh and
Srivastava, 1989 ), & F R AR K & W A7 0 AU ( 2%
B4, 2018) HTENEHEEIR. LM SR MY
EWEAIR], RSB . 22 KA WF RN I i 1
Y BB 5 7 A A T A Sy e 6 ) 1) o
fEbn (CBKRAEE, 19905 VR A4, 2014; & FE
%, 2021 ), R R RIARKE . RS, Sk
B 0 I i S AR AR AR U ) L M, AN T
S 1] o DR A T e i H i B S I 5 v T
JeiBRE IR K L il ik . EE KB R KX
4 DTEPRIEA T %00

A N O A AR B, A
FE R YR S 305 s A SR 3-4 45 Uk ik A S fi K
WZEUIN, X SERKEWE . R8BI R4
/MK 1 Macrosiphoniella sanborni 252 (1 BF
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FEAER—E (3RAEEE, 19905 VFMFIEE, 2014;
ZAsEAE 0 2018; Zhong etal, 2019; X IFESE,
2021 ), PR, FRATTHHEM & 28 14 B2 F e 0 Honl
{14 LR E 5 3380 A A 25 B 8 3-4 A
RUZPIF (0 B HURRAE o B4, 15 5t T LIYE K
R I ST 1) LR L foh 3 K0 I o R A7 A
AR 22 55 o AR SCOFST R BHEA 2 M AS T 1 i iF
fli Al S YT, 2 I A A A 6 T, AP A
THOE XS M RE 1 Al S 1
RURHE . BT IF 1| W47 il 4 715, 2 WA if
FERCREE 5 (BIESE, 2021); EKEY
1-2 {75l ff 5 4, 3 IR R AR 6 4 (i
R4, 2014 ); RALEWE 1 A filfh 4 77,
2-3 WAWE 51, 4 WA IF B AU 6 Y (BK4EAE,
1990 ). P BLfilf 5%, SMBIEARAFNE i & 5T
JEERT DA S F R B A 00 A Sl B e A , T A
R H R PRGHE S 0 1) B AR AT

TS N U I A T S Sy TR (9 S B s 4
Y AR I FE A AR AIOME A= 5 R P A 5
FiAEgE X, B TR JCINMERF | A HIOHE
U MEPERE | BEEAE R i A i A L g
(5K MeP kAR, 1983; Hardie, 2017 ).
TG0 A 50 ICME 05 2 PN R 8 TR0 R A 11 A
TE AN A DI Ao A 4 A 0 5 B 5 Sl T HLoA i
Fep L 78 i RO R A 22 IF Y A SRR
FEY H RO 5 28 R ESEAR — 350, IR I R
AF EAEY 55 B R XAER RN SRR K A
—ER (BRREESE, 2015) , RILIET 2 AR
BRI H S ) 1 AR B A1 8 A A 5 v T R
i H .
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