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I dentification of the instar and mor phological characteristics of
Toxoptera aurantia Fonscolombe
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QIAOLi ZHOU Zhou CHEN Jun-Hua ™

(Xinyang Agriculture and Forestry University, Xinyang 464000, China)

Abstract [Aim] To provide a theoretical basis for the accurate and rapid identification of the instars of Toxoptera aurantia.
[Methods] Seven morphological indices of different instars nymph and adults of both morph from T. aurantia, including
body length, body width, head width, antennae length, cornicle length, cauda length and hind tibia length, were measured
using a stereo microscope. [Results] There were differences in each of the seven morphological indices measured among
various instars of both apterous and alate T. aurantia. The body length and length of the hind tibia of apterous individuals, and
the length of the hind tibia of the alate individuals showed either part, or no, overlap between different instars nymphs and
adults, and therefore could distinguish the instars of both morphs of T. aurantia. In addition, the development of the wing base
could be regarded as a diagnostic characteristic for differentiating the 3rd and 4th nymph instars of alate individuals. The
number of antennal segments could be used as a diagnostic characteristic to differentiate the 1st and 2nd instars from other
instars, and cauda shape could be used to differentiate between nymphs and adults. [Conclusion] Instars of T. aurantia could
be accurately and quickly distinguished on the basis of body length and length of the hind tibia, in the case of apterous
individuals, and on the basis of the length of the hind tibia, in the case of alate individuals, in combination with auxiliary
characteristics such as the development of the wing base on thorax, number of antennal segments of different instars and cauda
shape.
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7% IF Toxoptera aurantia Fonscolombe X FR1
T RN, SRR T H Hemiptera,
W} Aphididae, RAREREEFERZ —, 7EHH
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2018 ),
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Fig. 1 Seven external morphological indices of
Toxoptera aurantia

Lo AR 20 4K9E; 30 SkoE5E; 4. A, 5. K
6: BRK; 7. JFRRTK.
1: Body length; 2: Body width; 3: Head width; 4: Antenna
length; 5: Cornicle length; 6: Cauda length;
7: Hind tibia length.
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Fig. 2 Body phenotype of different instars of both mor phs of Toxoptera aurantia
A VIEEDE; B2 4, Co JOMAL 3 i if; D, AR 3 A5, B JOHAY 4 85I
F. 70 4 50 G TR H. AR,
A. 1st instar nymph; B. 2nd instar nymph; C. 3rd instar nymph of apterous morph; D. 3rd instar nymph of alate morph;
E. 4th instar nymph of apterous morph; F. 4th instar nymph of alate morph; G. Apterous adult; H. Alate adult.
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WA S (oA, (AR F=308.1,
P<0.001; 1A% F=317.2, P<0.001; k75
F=161.6, P<0.001; filiffi & F=368.3, P<0.001;
A B F=213.7, P<0.001; B A K F=936.2,
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Fig. 3 Theantennae characteristics of different instar nymphs and adults of the
both mor phs of Toxoptera aurantia

AV IESF; B2 WA NF; C. A 3 A, D AR 3 A, B G 4 A
F. AR 4 2320, G Jo B g, H. A WA

A. 1st instar nymph; B. 2nd instar nymph; C. 3rd instar nymph of apterous morph; D. 3rd instar nymph of alate morph;
E. 4th instar nymph of apterous morph; F. 4th instar nymph of alate morph; G. Apterous adult; H. Alate adult.
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Fig. 4 The cauda characteristics of different instar nymphs and adults of the
both mor phs of Toxoptera aurantia
A VIR B2 W45, C JCIMAL 3 I, D. AR 3 A, B JCHAY 4 IR
F. #7504 50 G TR H. A 3R s
A. 1st instar nymph; B. 2nd instar nymph; C. 3rd instar nymph of apterous morph; D. 3rd instar nymph of alate morph;
E. 4th instar nymph of apterous morph; F. 4th instar nymph of alate morph; G. Apterous adult; H. Alate adult.
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Tablel The measurementsfor external morphological indices among different instar nymphs and adults of
both morphs of Toxoptera aurantia

RSNl , ~ AN[F) H % Different instars
v SN AT (mm) * ‘
M8 External morphological indices (mm) 1% 2% 3 i 4 % JAUE
type 1st instar 2nd instar 3rd instar 4th instar Adult
2Bl . S, A + A
TR i LAl 0.555+0.055¢  0.719+0.028 d 0.892+0.048 ¢ 1.119+0.084 b 1.404+0.159 a
Apterous Body length Mean + SE
AR(LyEFE Range  0.445-0.633  0.658-0.759  0.804-0.962  0.984-1.239  1.241-1.575
Mg”'“. FAIME = bR 0.25240.029 ¢ 0.345+£0.032 d 0.462+0.030 ¢ 0.584+0.045b 0.822+0.104 a
Body width  Mean = SE
AFAEVEFE Range  0.214-0.321  0.299-0.395  0.399-0.518  0.486-0.653  0.671-1.042
Nv=—- N + BRI
*’“.““ PAIE * bRER 0.183+£0.009 ¢  0.203£0.007 d 0.223+0.009 ¢ 0.253+£0.009 b 0.277+0.023 a
Head width Mean = SE
ASALIEE Range  0.166-0.199  0.193-0217  0.204-0.225  0.235-0.271  0.236-0.324
fishic PRI = bRk 0.409+0.025¢  0.617+£0.067 d 0.742+0.081 ¢ 1.038+£0.066 b 1.400+£0.157 a
Antenna length Mean + SE
AFAEVEFE Range  0.351-0.445  0.498-0.741  0.541-0.860  0.916-1.140  1.136-1.764
£ N7 A /s vl =
HE Hik P = bRifEiR 0.038+0.004 ¢  0.058+£0.006 d 0.080+0.004 ¢ 0.107+0.008 b 0.129+0.022 a
Cornicle length Mean + SE
ARk Range  0.030-0.050  0.048-0.069  0.069-0.087  0.095-0.125  0.097-0.168
LR PRI = bRk 0.024+0.003 ¢ 0.040£0.005 d 0.050+0.005 ¢ 0.080+0.005b 0.122+0.009 a
Cauda length Mean + SE
AFALTEH Range  0.018-0.031  0.033-0.052  0.042-0.058  0.075-0.089  0.108-0.139
Ak 12 7. £ — ype N
E E.H.ﬂj{‘ P = bRifEiR 0.196+0.023 ¢  0.279+0.019d 0.357+0.024 ¢ 0.526+0.060 b 0.783+0.094 a
Hind tibia length Mean + SE
AFALVEFE Range  0.168-0.243  0.248-0.321  0.316-0.392  0.433-0.620  0.620-0.951
op FU 1. 7. - 4\ e =1
HER i LAl 0.555+0.055d 0.719£0.028 ¢ 1.191+0.133 b 1.479+0.180a 1.457+0.200 a
Alate Body length Mean + SE
AFAEVEFE Range  0.445-0.633  0.658-0.759  0.839-1.405 1.173-1.785  1.149-1.834
= MZ A L=
s PRI = FRUIERR () )59.0,000d 034540032 ¢ 0.5330.054b 0.672+0.060a 0.684-0.085 a
Body width  Mean = SE
AEALJEH Range  0.214-0.321  0.299-0.395  0.424-0.623  0.536-0.801  0.501-0.803
NN=R- 7. 4 /s ogh = |
KB FIIE = ARUERE (16300009 020340.007d 023340.014 ¢ 026640021 b 027740017 a
Head width Mean + SE
RAEIER Range  0.166-0.199  0.193-0.217  0.202-0.256  0.224-0.291  0.243-0.301
filfte FHIE = BRUERR (4000005 0.617:0.067 d 0.90740.080 ¢ 122240.124b 1.52340.169 a
Antenna length Mean + SE
ARALVEFE Range  0.351-0.445  0.498-0.741  0.739-1.023  1.035-1.386  1.311-1.825
Ao e NS i =
HE i FAIME = bRk 0.038+0.004 ¢  0.058+0.006 d 0.087+0.009 ¢ 0.117+0.019b 0.156+0.022a
Cornicle length Mean = SE
ARfLyuFE Range  0.030-0.050  0.048-0.069 0.071-0.104  0.072-0.148  0.114-0.190
LR PRI = bRk 0.024+0.003 ¢ 0.040+£0.005 d 0.060+£0.009 ¢ 0.080+£0.011 b 0.094+0.016 a
Cauda length Mean + SE
AFAEVEFE Range  0.018-0.031  0.033-0.052  0.047-0.075  0.051-0.091  0.072-0.119
Ak 12 7. £ — yp L
E E_H.ﬂj{‘ PAIE * bRfER 0.196+£0.023 ¢  0.279+0.019 d 0.454+0.034 ¢ 0.629+0.046 b 0.794+0.071 a
Hind tibia length Mean = SE
ALy Range  0.168-0.243  0.248-0.321  0.386-0.506  0.548-0.707  0.710-0.968

[R AT B E AR e R 5 1A [R) 2 B s [R] — TE S H8 AR A R AR 622 5 ( P>0.05, LSD 4355 ). Data are mean * SE, and
followed by the same letters in a row indicate no significant difference under same morphological indices (P>0.05, LSD test).
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Fig. 5 Overlap of external morphological indices of both morphs from Toxoptera aurantia
A, TCERRK; B, TEARERK; C TG RETK; D ARAMAK,; E ABMEEK;
F. AAAE RIS 1=V J0008 1-4 Weig s Vo g,
A. Body length of apterous morph; B. Cauda length of apterous morph; C. Hind tibia length of apterous morph; D. Antenna
length of alate morph; E. Cauda length of alate morph; F. Hind tibia length of apterous morph. I -IV: 1st-4th instar nymph,

respectively; V:Adult.
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fil KA A KA A S, Al SRR RS
WIS 5 b5

24 TSRS ERBX R

w3k 2 s, Z5 W5 W RO 2548 Rl 2 (B
HME Cys) SHIRE I (x) 7 —&
MR (P<0.05), HpJo#mAermy 3 i
HNRIEAS TR | k78 58 RIE 4K 5 A0 1 i
Hie] (A 15 R B R 20914 0.997 2, 0.994 3

F10.997 2, A FARBIZEWFRY 2 TARIEIE T8 br il
F AR K S AR R O ek [ R 5 R
I3 H1H 0.994 9 F10.995 6, FEHIAIIEC S ICHIIAE
WA | SerE e AR S 11 o T RS
R B A . ARSI AR bRl (i 5 951
B E O R AT EE Rk — 20 R B, om0
A T AT AR LR | Skere BRI A R A T 4
FE TS TSI i B T A Al A R R R ok
PATSE, DL RS i A — e T St

*2 FURABRAEREEGESERSRANXR
Table2 Therelationship between external morphological indices and instarsin different instars nymphs of
both morphs from Toxoptera aurantia

A SMIEASTEPR LM AR R P{H
Wing type  External morphological indices Linear equation Correlation coefficient P- value
Joimm &K Body length y:=0.184 9%,+0.355 0 0.997 2 0.001
APIETOUS i g5 Body width v,=0.137 8%,+0.079 3 0.963 2 0.003

3k 72 5% Head width y3=0.023 7x;+0.156 5 0.994 3 0.001

fih 1K Antenna length y4=0.240 3x4+0.120 2 0.965 6 0.003

J 45K Cornicle length y5=0.023 1x5+0.013 0 0.997 2 0.001

F F & Cauda length Y6=0.024 2%,+0.008 6 0.928 8 0.008

Ji IR Hind tibia length  y7=0.133 7x,+0.017 4 0.945 1 0.006

ZEp kil &K Body length y5=0.256 4xg+0.311 1 0.9138 0.011
Aate 1A% Body width Yo=0.119 2%,+0.014 0 0.945 7 0.005
3k 72 5% Head width Y10=0.025 2x,,+0.156 8 0.981 4 0.002

fil 1K Antenna length y11=0.283 2x,,+0.086 0 0.994 9 0.002

M4 Cornicle length ¥1,=0.029 5x,,+0.002 8 0.9875 0.006

FE A Cauda length Y¥15=0.017 9x%;5+0.005 6 0.995 6 0.003

Ja HETT K Hind tibia length  y,,=0.162 5%;,+0.009 2 0.9820 0.001

3 iFig 2019). BT CRPAESE, 2021) MIBHE g

WFFTUESE , AN [RI P 288 14 R e 2 e 2 30 1 0
TRbRFEZE S . WXGHE (Shietal., 2017 ),
WH (2EXE, 2015) KEFRE (25,
2017 ) A5 L H ) &)y B 1) 48 o 2 25 3 LG ik DU
E S 78 T8 BE AT R A3, T O A A R DL
HMRIESFRHEAE MR s34 bn , IF H C HER N T
ZFPIF R IS e, R4S (TR,
1990 ), 22 WUESF (skiEEdE, 1999 ), & KA5 1

(skITHESE, 2015), /MR (Zhong et al.,

EWE (HEIIESE, 2022) . AHFSTE T WAL
7 A o 5 ORI A5 I TR SR AR, 3
IR 25 R AF B 25 0 300 Fr it S 0 W 2 A Ak, B
HAER A REAE T AR Rz I I 1 2 (R T o

Jei A IR B — BRI R R X I 45
I I RO A Y EE AR AE (BPOEIRE, 1990 ). 7E
KA LB, 5 IR K B I A AR L
SR IG Bl R U A 1 e A S5
(VP FAE, 20145 5K AMESE, 2015 ), ARBF5
S5 R BRIR I S R A TS K 7 T e 3 AR A 48 0 10
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AR E S, A XHBESHSE, KWF
JE R TR AR T DA S 25 057 1 199 45 501 1 v SR A
febro BeAbh, B Ml AR KU A
TR G F ) EE e (255, 2018 ), fHJEA
WF5E & BUAT SR AU 1) B8 4 kA I B K 7R
4 YA KOS () A B i S G, RX
SRR EANREVE iR S RIS 4 #4710 KA
IF I IE S FE b, (0T VR A 5 3G SR RIS 0F 4 % L)
A

ARHIF 5T WEE K BRAN [ s 300 25 0F fok A 57 0047
TEZSE A TTECE 102 W 5T, Hofd 1)
B 6 17, HAERNTRBIMEZ KA (k)7
MESE, 2015) FIORGHF (22255, 2018) SF 1Y fik
P B AR — 30, R IR BT R
AU I A B ARRAE . BIE A & R TR TR
R AT SRR AL W] AR A MoF s 0 40 6 31) ) o A
BYRAE o Z5WF7E 1A 2 A R AMRIE S 25 R AN
5, 3 R T 3 i A0 TR A R A AR RN TG
R, 3 A R R BN LA N 2E 40
R 2R K, F I AR R, T
TGI8 R W R A B SR AN R Gk X — 2R
PE—AUESE, ORI 3L G & 7 RE Bt n] T2k 0
B ST AN, BRRIES . RBREERNIE
B S T VW R BT bR (AR S
2008; Yang etal., 2009 ), ZEE%5 (2018 ) K,
51 7 08 AN i) i B g R e 30 B R TR A — , S
SR BRI, EKE L hAeEER, 5
ARWFTELE R IA 2, UL R R RN B T
VB Sk S 590 A5 0 S 4 % B TR SRR

A G388 3T A I A 2% A 7 S AR A (] i
HNIIEAS R, TIF S TG0 AU A5 0 i S ) 1) 2
FRAE SRR RS IR TR, 7 0 R A o s iy S
S BRI E IR R4 4 fi £
TENATR | R T R R IR R A A B
T ASHFAE , 0T LAY v By DR b 88 50 S T3 2R AN
[ I A5 07 o P oE R B, R UM I 38 B R 5L
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