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Instar identification and characteristic analysis of
Rhopal osiphum nymphaeae (Hemiptera: Aphididae)
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Abstract [Aim] The external morphological characteristics of each Rhopal osiphum nymphaeae instar was documented to
facilitate rapid instar identification for future studies. [Methods] The morphological characteristics of R. nymphaeae were
observed under the microscope, including measurements of body length, body width, and headshell width. The antennae,
cornicle, cauda, hindfoot tibia, and wing base were measured after pressing. Differential and correlational analyses were
carried out on the measurement data, followed by construction of box plots, to investigate the morphological variations across
different developmental stages. [Results] The antennae of 1st instar R. nymphaeae nymphs consisted of 4 or 5 segments.
Similarly, 5 segments were observed in 2nd instar nymphs, while the antennae of 3rd instar nymphs had 5 or 6 segments. The
antennae of 4th instar nymphs and older had 6 segments. No cauda or half-moon to triangle cauda were observed in 1st or 2nd
instar nymphs, whereas half-moon to triangle cauda were observed in the 3rd and 4th instar nymphs. A cone-shaped cauda was
observed in adult R. nymphaeae. In the winged morph of R. nymphaeae nymphs, differentiation of the wing base was observed

to start at the 3rd instar. At this stage, the wing base extends from the first to the middle of the first ventral segment. By the 4th
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instar, the wing base extends further to the second to fourth ventral segment. Significant differences and correlations were

observed between the morphological characteristics measured at different instars. However, the distribution of values for these

characteristics tended to overlap between the different instar stages. The absence of an overlap may serve as a key indicator for

age identification. For example, the wing base length of winged 3rd-4th instar nymph. A small amount of overlap can be used

as an important indicator for instar identification, such as the body length of wingless 1st-4th instar nymphs. Partial overlapping

values can serve as an auxiliary index for instar identification, such as the length of hindfoot tibia of wingless 3rd-4th instar

nymphs. [Conclusion] The number of antennae segments, cauda development, and the presence and length of the wing base

can serve as key indices for determining the age of R. nymphaeae. The progressive increase in each index was correlated

strongly with instar stage, providing areliable reference index for determining R. nymphaeae age.

Key words Rhopalosiphum nymphaeae; instar; size; antennae node number; tail shape; wing base length
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Fig.1 Schematic drawing of measurements for morphological parameters of Rhopal osiphum nymphaeae
A. fRK; B. K%E; C. k5e%E; D. filfak; E BEK; F BRK; G RERTK; H #IEK,
A. Body length; B. Body width; C. Headshell width; D. Antenna length; E. Cornicle length;
F. Cauda length; G. Hindfoot tibialength; H. Wing base length.
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Fig. 2 External morphology of Rhopalosiphum nymphaeae at different instars
AL LI B2 WF; Co U 3T ; D. AN 3 B JOHAY 4 W
FoASA AR, G JCHBRINEE; H. A AR

A. 1st instar nymph; B. 2nd instar nymph; C. 3rd instar nymph of wingless morph; D. 3rd instar nymph of winged morph;
E. 4th instar nymph of wingless morph; F. 4th instar nymph of winged morph; G. Wingless adult; H. Winged adult.
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Fig. 3 Antenna morphology of Rhopalosiphum nymphaeae at different instars
A LI B2 W 0E; C. oM 3 D. AT 3 ; B JOMIAL 4 A
FoOATHAL AR50 G TR H. A7 R
A. 1st instar nymph; B. 2nd instar nymph; C. 3rd instar nymph of wingless morph; D. 3rd instar nymph of winged morph;
E. 4th instar nymph of wingless morph; F. 4th instar nymph of winged morph; G. Wingless adult; H. Winged adult.
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Fig. 4 Cauda morphology of Rhopalosiphum nymphaeae at different instars
A LIRAE; B2 E s Co JOMAL 3IRHWF; D. AT A 3 F; E. TR 4 1
FoATHAL 44705 G JCRBL U ;s H. A7 R
A. 1st instar nymph; B. 2nd instar nymph; C. 3rd instar nymph of wingless morph; D. 3rd instar nymph of winged morph;
E. 4th instar nymph of wingless morph; F. 4th instar nymph of winged morph; G. Wingless adult; H. Winged adult.
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Fig. 5 Wing base morphology of winged morph
3WRHELT; B. 4 W AT,
A. 3rd instar nymph of winged morph; B. 4th instar nymph of winged morph.
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Tablel Determination of 7 morphological variables of different instars of wingless Rhopalosiphum nymphaeae

JAS T RERFAE (mm) i) Instars
Morphometric 1 #5450 2 Wt 3 it 4 7 B

characteristics (MM) 1 jngtar nymph  2nd instar nymph ~ 3rd instar nymph ~ 4th instar nymph Adult
(ESN 0.790+0.065 d 1.052+0.084 ¢ 1.372+0.076 b 1.823+0.158 a 1.894+0.231 a
Body length (0.663-0.891)  (0.913-1.203)  (1.229-1.496)  (1549-2.144)  (1433-2.383)
e 0.362+0.036 e 0.519+0.050d 0.752+0.065 ¢ 1.106+0.110 b 1.234+0.157 a
Body width (0.283-0.425) (0.426-0.607) (0.622-0.853) (0.877-1.337) (1.020-1.544)
L5E 0.315+0.021 e 0.362+0.019d 0.391+£0.021 ¢ 0.464+0.019 b 0.484 £0.030a
Headshell width (0.271-0.352) (0.329-0.411) (0.343-0.433) (0.416-0.506) (0.408-0.550)
filff K 0.604+0.059 e 0.783+0.069d 0.926+0.082 ¢ 1.212+0.066 b 1.404+0.143 a
Antenna length (0.507-0.699) (0.648-0.929) (0.807-1.109) (1.039-1.366) (1.052-1.665)
MEEK 0.127+0.017 e 0.189+0.028 d 0.237+0.022 ¢ 0.339+£0.026 b 0.378+0.049 a
Cornicle length (0.097-0.163) (0.133-0.234) (0.203-0.278) (0.291-0.402) (0.285-0.450)
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££3% 1 (Table 1 continued)

F A5 W RFEE (mm) i) Instars
Morphometric iRitEa ] 2 T Bk 3 4 W % B F
characteristics (MM) 1 jngtar nymph  2nd instar nymph ~ 3rd instar nymph  4th instar nymph Adult
Bk o o 0.057+0.007 ¢ 0.082+0.006b  0.163+0.036 a
Cauda length (0.036-0.069) (0.072-0.096) (0.066-0.273)
A REK 0.355:t0.044e  0.482+0.049d  0.593+0.052c  0.832+0.052b  1.006+0.108a
Hindfoot tibialength  (0.236-0.429) (0.381-0.574) (0.504-0.719) (0.698-0.973) (0.718-1.181)

FPBAE P BELbRER , 555 N AR, [RAT AR NG SRR A48 bR TE A Rl 19 1R] 22 5+ . % ( P<0.05,
Tukey fi ), “—" FonLMfE. FTEF,

The data in the table are mean+SE, and the data in parentheses are the range of change. Date followed by the different
lowercase letters in the same row indicate significant difference in each index among different instars (P<0.05, Tukey test).
“——" means without this value. The same below.
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W 7 ARRR AT R R 225007, X AL
KA TSI A TR (R 2), BRAITS 4
WA K (F=0.401, df=2,59, P>0.05). {4

$5( F=0.171, df=2,59, P>0.05 ). 3k 5% %i( F=0.019,
df=2,59, P>0.05) FijE4 4+ (F=0.807, df=2,59,
P>0.05) [A]JG B & 2= 500, A MAFH 1 7 4
MR PR A R E 25 (KK, F=268.940,

df=4,149, P<0.01; {A%&, F=259.070, df=4,149,
P<0.01; k5t %, F=368.811, df=4,148, P<0.01;
fili /K, F=507.047, df=4,149, P<0.01; &K,
F=232.000, df=4,149, P<0.01; EH K,
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Table2 Determination of 8 morphological variables of different instars of winged Rhopal osiphum nymphaeae

AT RASE (mm) 3 Instars
Morphometric 1 I8 2 W ot 3 e If 4 A f i
characteristics (MM) 1t jngtar nymph ~ 2nd instar nymph  3rd instar nymph  4th instar nymph Adult
LSS 0.790+0.065 d 1.052+0.084 ¢ 1.48620.098 b 1.830+0.120 a 1.794+0.286 a
Body length (0.663-0.891) (0.913-1.203) (1.295-1.641) (1.608-2.079) (1.151-2.336)
58 0.362+0.036 d 0.519+0.050 ¢ 0.750+0.045 b 0.877+0.067 a 0.865+0.139 a
Body width (0.283-0.425) (0.426-0.607) (0.656-0.817) (0.787-1.052) (0.544-1.181)
KFEBE 0.315+0.021d 0.362+0.019 ¢ 0.43020.011 b 0.464+0.011 a 0.464+0.027 a
Headshell width (0.271-0.352) (0.329-0.411) (0.409-0.446) (0.445-0.481) (0.389-0.509)
LRI 0.604+0.059 e 0.783+0.069 d 1.047+0.034 ¢ 1.238+0.043 b 1.489+0.159 a
Antenna length (0.507-0.699) (0.648-0.929) (0.971-1.120) (1.165-1.317) (1.080-1.791)
EEK 0.127+0.017 d 0.189+0.028 ¢ 0.271+0.010 b 0.308+0.016 a 0.317+0.054 a
Cornicle length (0.097-0.163) (0.133-0.234) (0.247-0.284) (0.277-0.348) (0.201-0.426)
EBhK L L 0.064+0.005 ¢ 0.078+0.007 b 0.146+0.023 a
Cauda length (0.055-0.073) (0.066-0.093) (0.096-0.195)
Je TR 0.355+0.044 e 0.482+0.049 d 0.690+0.022 ¢ 0.839+0.033 b 1.045+0.126 a
Hindfoot tibialength  (0.236-0.429) (0.381-0.574) (0.626-0.735) (0.775-0.908) (0.720-1.260)
E SN 0.054+0.020 0.509+0.040

Wing base length

(0.031-0.123)

(0.405-0.584)
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F=298.107, df=2,89, P<0.01; J5 2RI K,
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WA SR AT S A A AR B 25 57 (1=-56.081,
P<0.01 ),
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A EPE (P<0.01) (3£ 3),

®3 AHBRNEGETESHLENEES
REARI R S
Table3 Correlation analysis between
mor phological characteristics and age of
two winged Rhopal osiphum nymphaeae

Izl R e Rl R

Morphometric characteristics P
J@m &K Body length 0.880 <0.01
Wingless {&%% Body width 0.908 <0.01
k7% Headshell width  0.870  <0.01
filif K Antennalength 0.905 <0.01
45K Corniclelength  0.800 <0.01
R Caudalength 0.752 <0.01
JEIRIR K 0912 <0.01
Hindfoot tibia length

s K Body length 0.814 <0.01

Winged 1A% Body width 0.797 <0.01

3589 Headshell width  0.833  <0.01
fiifa K Antennalength  0.930 <0.01
B4 K Cornicle length 0.803 <0.01
Jé K Caudalength 0.757 <0.01

Ja RIRTK 0.930 <0.01
Hindfoot tibia length

WK Wing baselength 0982  <0.01
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Fig. 6 Measurementsof 7 morphological variables of wingless Rhopal osiphum nymphaeae at different instars

A AR B IRTE; Co ke D. ifAK; B K R RBRK; G R K. BIPARRBIER A
IREARR, FilR LI AR/NG TR R 2257 3% (P<0.05, Tukey #%). FEIMFE.

A. Body length; B. Body width; C. Headshell width; D. Antennalength; E. Cornicle length; F. Cauda length;
G. Hindfoot tibia length. Dots with different colors represent different instars of R. nymphaeae, and different
lowercase |etters above the box indicate significant difference (P<0.05, Tukey test). The same below.



6

UEF 1% 390 265 T3l BRFALE 23 M

- 1381 -

3r A 2r B
~~~ a ~
a
E 'gn | 8 — 04 RS % 1L c - .a.l_ *
e - 282 | —ww— g
£glr =g |
m m
0 1 1 1 0 1 1 1
kJic3 4% 3B R kJiic3 4% 3 R
3rd instar 4th instar Adult 3rd instar 4th instar Adult
A 1Y Instars A1 Instars
1r 2-
~ C —_ D a
D
¥ L B . W
~ 3 b ~ o1+
9 VS ¥ k5 * —
g &S
= <
0 1 1 1 1 1 1
31 448 B R 3k 4% 0 R
3rd instar 4th instar Adult 3rd instar 4th instar Adult
1A Instars Y Instars
1r 1-
E F
. .z
£5 £
VE a ~ Eh |
g 2 w8
ﬁ]]I[ L b — S 71': 'g
& g e B . ¥ 3 a
S © c b — T
1 1 1 1 — 1 — 1
3 4y EEp )R 3 4y A R
3rd instar 4th instar Adult 3rd instar 4th instar Adult
3 Instars 41 Instars
~ 2 r 1 —
g G E H sk
Eg a =
o8 * E? —
Lt b " B — &
eE' o g “s <«
He | —9— s
e -
: * | e
0 1 1 1 0 |
31 448 eyl kJi3 4%
3rd instar 4th instar Adult 3rd instar 4th instar
A HH Instars A 1A Instars

7 ARREGETERE S NMESHINERE
Fig. 7 Measurements of 8 morphological variables of winged
Rhopalosiphum nymphaeae at different instars
A. &K B, fR3E; Cok5ESi; D. filfak; E K, F BAK; G BRENK;
H. B ** FOR P RfA7ER % 22 5% (P<0.01, Tukey fu3 ).

A. Body length; B. Body width; C. Headshell width; D. Antenna length; E. Cornicle length; F. Cauda length; G. Hindfoot
tibia length; H. Wing base length. ** means extremely significant difference (P<0.01, Tukey test).
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Table4 A simplekey to determinethe different instars of Rhopalosiphum nymphaeae

#1 Instar Je# A Wingless 77 Winged
1 &5 1% filfl 4-5 %55 R LK AT (kK. 0.663-0.801 filify 45 5; BRLESLATE,; kK.

1stinstar nymph ~ mm, {£%i: 0.283-0.425 mm

0.663-0.891 mm, {£%i: 0.283-0.425 mm

Antennae 4-5 nodes; No cauda or wide half-moon Antennae 4-5 nodes; No cauda or wide
cauda; Body length: 0.663-0.891 mm, Body width: half-moon cauda; Body length: 0.663-0.891

0.283-0.425 mm
2 WA IR
2nd instar nymph

ks 5 BR%EFARBE=ZAL; Kk.
0.913-1.203 mm, {£%i: 0.426-0.607 mm

mm, Body width: 0.283-0.425 mm
filfa 517 BRIECEAEBZE =M, KiK.
0.913-1.203 mm, {&%&: 0.426-0.607 mm

Antennae 5 nodes; Wide half-moon to triangle cauda; Antennae 5 nodes; Wide half-moon to triangle

Body length:

0.426-0.607 mm
3 AT
3rdinstar nymph  {&K:. 1.229-1.496 mm,

%%, 0.622-0.853 mm

filfn 5-6 1y ; BASIEARE=MIE; JU#%E;

0.913-1.203 mm, Body width: cauda; Body length: 0.913-1.203 mm, Body

width: 0.426-0.607 mm
filfy 5-6 7475 A YA E =MIY; A
He (RIRIERE L1255 1)

Antennae 5-6 nodes; Wide haf-moon to

Antennae 5-6 nodes; Wide haf-moon to triangle triangle cauda;

cauda; Wingless base;

Body length: 1.229-1.496 mm,

Body width: 0.622-0.853 mm
4 52 E
4thinstar nymph  {k K. 1.549-2.144 mm,

&$E: 0.877-1.337 mm

filfy 6715 RAERL=MIE; JolEE;

Winged base (grows to the 1st to the middle
of the 1st ventral segment)

filhfy 6955 A M =AMIE; A (Kik
HEHRER 2 W RS 477

Antennae 6 nodes;, Cauda nearly triangular;

Antennae 6 nodes; Cauda nearly triangular; Wingless Winged base (grows to the 2nd to 4th ventral

base;
Body length: 1.549-2.144 mm,
Body width: 0.877-1.337 mm

segment)

e filif 67175 BAKEHIE; @ filifh 67175 BAKEASE; A3

Adult Antennae 6 nodes; Long cone-shaped cauda; Wingless Antennae 6 nodes; Long cone-shaped cauda;
Winged

MRS, 2021 ), AR B S5 Acyrthosiphon 2 /K15 58 Y FL AR A 184 09 24 ) ) o A AF

pisum P K EA R KX G, 456 )5 RIET K
flAARCRE . TR, B BMEN LR R,
AP S E A OB R 4, 2021 ), K E 0% Aphis
glycines (% 1] % & L JC T 1K G 0F J5 2 IR

K. BRAKEABMREE)E R, KK
fl AR KA B R R, 45 Al TR
RRIER. K58, BE KA R FRE, v
YEf 56 70 AN RS L ) 45 I R G0 (2R A%
2018), ikFoe (1988) F5 AN [l HA Y K 5
HER BB A I, KFEARMEF Stobion
avenae 1 {445 5 2-4 A0 . A7 LR AT
R R TERA—#E, B R L& AN BN
AN, AL LI R F A 2 ARWIE (5K i
&5, 2015), WAh, AT AL AN IE A I A Y
FUIE R 2 1), W2 XU Diuraphis noxia

A4, 1999 ),

VEGHE F A I TE] 8 AN R e R S A
HEO A, FHAR 2 A [] — 00 48 s 1] AR 451 2
MRZAHES, VLA E mfabn AN 68 58 2 Ef
YTEARLE 2 NI, T B A AR T, B
SRS, Wb ESTE | BEE | JF8E . KA

AR LSRG S W LSRR, &S
G TN, ATSIRE 4 Wk T
S YRR TE R, (R R A A W A T
B FE I/, S5 T o A AR R AR ST bR
AT SELR A (14 S S 0 R, (LA 1 Ak A
TR RR EBRSHHE L TRES S ENHA
AR — 3, XA T B V4R A I 1 % 0
MAESHBEL, TREYRESE, &34 MY
b TR A A RS L A WA 1 1-2 04 WA T



6 S EaE

UEF 1% 390 265 T3l BRFALE 23 M

- 1383 -

B PO X, 1A A AR, mT
YN & EEAR, HERAE AT X,
RS EOBIRE A BEE B IPIIER, R
KK, BiBORBIR, Shia, a6, 8
o AR RIRG | PR ARRER 6, 2
R gk ez B IEERAR B KA ERIE 2 ) [
BRIGHEAS | Joi AU i S A Bkt A2 1]
56, JCMABLNIEAR], RETTF AR, Bk, 78
DAFR 4 FRIEXE DL X 4345 R HA R, T DIAR I E 45 4
oA L TR TR R IR B By 25031

TERFFE R R A, S 4545 WA R T i 4 A
AFEING, BB 2R E RIS 0L, 2% e
RITRGEFFEE (58T, 1988), 4T,
XFF A2 E WG I SR R AR D, ACHIF 58 4R
XFG R IE T ik, AR T G R 0T A FRAE 5 i 1
Y 5 IEH IR SR R 8, A
BAHSEZEF B R IIES -8R A
G
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