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| dentification of the nymphal instars of the yellow-spined bamboo
locust, Ceracris kiangsu (Orthoptera: Arcypteridae), based on
different mor phological characteristics
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Abstract [Objectives] To determine the optimal morphological characteristics for identifying nymphal instars of the
yellow-spined bamboo locust, Ceracris kiangsu (Orthoptera: Arcypteridae), examine the applicability of Dyar and Crosby
rules to this species, and provide a theoretical basis for determining the nymphal instars of Orthopterans based on the
variability of morphological characteristics of different developmental stages. [Methods] Nymphs were reared in an
insectary after hatching. Eight morphological variables, including body length, body weight, head length, head width, wing
bud length, wing bud width, wing bud area and antennal length, were measured and analyzed statistically for each instar.
[Results] Five instars were distinguished without gender differences. Five distribution peaks were apparent based on head
length and head width, and three concentrated distribution areas for wing bud width and wing bud area were apparent after
frequency analysis. The Brooks’s ratio ranged from 1.09 to 3.86, and decreased with increasing instar. The Crosby’s ratio was

over 0.1. The growth dynamics of morphological variables were not consistent with Dyar and Crosby rules. The relationship
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between nymph instars and the eight measured morphological variables closely approximated a polynomial regression. The

linear coefficient of determination of head width had the maximum value R? = 0.933 5, and the quadratic and cubic coefficients

of determination of wing bud length had the maximum value R? = 0.978 9. [Conclusion] Head width is the optimal variable

for distinguishing the nymphal instars of C. kiangsu, followed by head length and body length. All three variables can be used

in pest monitoring and control.

Key words locust; Ceracris kiangsu; nymph; morphological characteristics; instar; frequency distribution
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Fig. 1 Measurement of indexes used for determining nymph instar in Ceracris kiangsu
A filffs B, SkRFISKSE; C WZFRAAZESE; D. #ZFE A, Fr/UKE=1 000 pm. 2, & 3 [d].
A. Antenna; B. Head length and width; C. Wing bud length and width; D. Wing bud area. Scale bars = 1 000 pm.
The same as Fig. 2 and Fig. 3.
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Tablel Measurementsof eight morphological structures of Ceracris kiangsu nymph

7R [ . A R 2 =y =P
sy oy IR e R A3 Brooks H( Crosby 3K
. Class Number of Coefficient of = Brooks’s Crosby’s
Variables Instars . Mean + SE .. . .
limits samples variation ratio ratio
K (mm) L #% Istinstar  6.79-12.73  9.44+0.26 43 0.18 - -
?n?% length 2# 2ndinstar 10.50-17.19  13.86+0.22 51 0.11 1.47 -
3# 3rdinstar 15.19-22.26  19.85+0.30 44 0.10 1.43 - 0.03
4% 4thinstar 22.26-27.26  24.12+0.28 29 0.06 1.22 -0.15
54 Sthinstar 23.50-34.36  27.81+0.49 34 0.10 1.15 - 0.05
& (g) 1 # 1stinstar  0.01-0.05  0.02+0.00 44 0.37 - -
?gdy weight 24 2ndinstar  0.02-0.13  0.07+0.00 38 0.39 2.90 -
g
3# 3rdinstar  0.09-0.24  0.15+0.01 33 0.29 2.18 -0.25
4 1% 4thinstar  0.13-0.31 0.23+0.01 25 0.20 1.57 -0.28
54 Sthinstar  0.22-0.59  0.35+0.02 27 0.29 1.51 - 0.04
FK (mm) 1 # 1stinstar  1.69-2.88 2.310.05 40 0.13 - -
?ead) length 2% 2ndinstar  2.38-3.73  2.92+0.05 48 0.11 1.27 .
mm
1 3rdinstar  3.23-4.30  3.92+0.04 40 0.06 1.34 0.06
4% 4thinstar  3.38-3.84  4.39+0.06 27 0.07 1.12 -0.17
54 5thinstar  4.39-5.30  4.91+0.04 37 0.05 1.12 0.00
ke (mm) 1#% 1Istinstar  1.73-2.37 1.96+0.03 40 0.09 - -
(}Ilsz) width 2% 2ndinstar  2.07-2.93  2.40+0.04 48 0.10 1.22 -
34 3rdinstar  2.44-3.70  3.39+0.04 40 0.06 1.42 0.16
44 4thinstar  3.25-4.50  3.87+0.05 27 0.05 1.13 -0.20
5# S5thinstar  3.96-5.11 4.48+0.04 37 0.06 1.16 0.02
#WEZEK (mm) 14 1st instar - - - - . _
Wing bud A .
length (mm) 2§ 2nd instar - - - - - -
3# 3rdinstar  2.52-3.30  2.97+0.02 77 0.06 -
4 1% 4thinstar  5.85-7.82  6.89+0.06 51 0.06 2.32 -
54 Sthinstar  7.03-8.55  7.69+0.05 60 0.05 1.12 - 0.52
WZESE (mm) 1 #% 1st instar - - - - - _
Wing bud " .
width (mm) 2 % 2nd instar - - - - - -
3 # 3rdinstar  0.96-1.79 1.49+0.02 77 0.12 - -
44 4thinstar  1.74-3.00  2.32+0.04 51 0.14 1.56 -
5# Sthinstar  2.55-3.61  2.9440.03 60 0.08 1.26 -0.19
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*Ej:/—ﬁ ﬂﬁﬁﬁ > mﬁ ﬁj{ﬁi*ﬂi{ﬁl% #Z'Kib& ?%& Brooks *E:%( Crosby ?E’lﬁ
. Class Number of Coefficient of  Brooks’s Crosby’s
Variables Instars limi Mean + SE .. . .
imits samples variation ratio ratio
WA (mm?) 1 # st instar - - - - - -
Wing bud2 2 #% 2nd instar - - - - - -
area (mm°)
3# 3rdinstar  0.02-0.04 0.03+0.00 77 0.13 - -
4 #% 4thinstar  0.07-0.15 0.11+0.00 51 0.16 3.86 -
5#% Sthinstar  0.12-0.18 0.15+0.01 60 0.09 1.35 - 0.65
fi A (mm) 1 #& Istinstar  4.34-7.67  5.98+0.15 35 0.15 - -
Antennal 2% 2ndinstar  6.19-11.42  7.88+0.14 59 0.14 1.32 -
length (mm)
3% 3rdinstar 11.08-15.83  13.02+0.12 72 0.08 1.65 0.26
4% 4thinstar 13.75-17.79  16.11£0.15 39 0.06 1.24 -0.25
5% Sthinstar 15.33-20.10 17.49+0.17 49 0.07 1.09 -0.12

HIT 1A 2 R 2F R B ANBA R, SIZFIC | S2F SE H 25 1 A1

and 2nd instar are invisible, the wing bud length, wing bud width

ez
‘ 1st instar ' 2nd instar 3rd instar 4th instar

DN 3 I3 IR %5 1T . Wing buds of the nymph at the 1st
and wing bud area are measured from the 3rd instar.

Sy
5th instar
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Fig.2 Comparison of the head mor phology of the nymph of Ceracris kiangsu at different growth stage
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Fig. 3 Comparison of the wing bud morphology of the nymph of Ceracris kiangsu at different growth stages
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Fig. 4 Frenquency histogram of indexes used for determining nymphal instar of Ceracris kiangsu
A, fRkEK; B, fkEH; C. kK D. Sk%E; E. #ZFK; FO#ZESE; G #ZEmAL H. Ak,

A. Body length; B. Body weight; C. Head length; D. Head width; E. Wing bud length; F. Wing bud width;
G. Wing bud area; H. Antennal length.

TR, RS R AL il K B 3 A
(Kl 4: B, F, G, H), Mi#ZERK MR
REAE, HA 24N (4. E),
24 [EIESH
AT IR A I A S 2 ] Y ¢
RUALEREN: k. —RETAI A AR
I, HRORL LA AR 5 B A AR T i 2=
(F2, B 5), BERRIAY R 1E 4 RS AR
/N, HA LT &5 (R* = 0.9150)
KT 0.9; 78 S RETIUA B il 25K Aok
ERBUERK (R2=0.978 9 ); 7E HLAP S
8 MR SIS IAAAE W E MMM R, Hfk
R St SKTE L B EE TR R AR K Y pE R B

PIRT 0.9, Hrsk9 58000 2E0R K
( R*=0.933 5 ),

25 BEHEMeERKYA EE

BT 8 i Aatn, Wik B A HIR 4 Iy ik
PR T B A s SR IO 0 1 R B AR 2
BAHI, HHONA AN 12 8 3-5 WBFAER
gy, TRIAF AT LR PERGSG, VIF [HE/N T 10, 45
B,

1-2 s SBH 553 HT 10 285 55 1 0 51) R
SFAEECA 6.341, BLIARSCRECH 0.929, HiE 1
FiR 2 (100% ). [AlAT, Wilks A {E DI #4
g 12 RS E A RN 2T (£3),
98% AT I | i — 20U S T X Fh 22 S5



13 RRLLAE: BTN R AEAE AR A B A de s il 000 1) - 281 -
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Table2 Regression relationship between instars and morphological indexes of Ceracris kiangsu

LIS e b YEAY %A vh. 22 2z kb p2
Morphﬁééiiiﬁndexes F jtkt{ez Efjel FIJTE Regression equation Coefﬁciiﬁ)/f%di%eljmination
A1 Body length 1%k Linear y=4.723 1x +4.837 4 0.913 8
TR Quadratic  y=- 0.210 8x*+5.978 4x + 3.373 3 0.916 4
=K Cubic y=-0.204 8" + 1.606 4x* + 1.300 8x + 6.674 2 0.918 9
$5% Exponential  y = e>166 310241 Ix 0.879 2
K Body weight £ Linear y=0.080 Ox - 0.083 6 0.820 1
K Quadratic  y=10.010 8x* + 0.014 7x - 0.007 0.8412
=K Cubic y=-0.000 4x* + 0.014 8* + 0.003 9x + 0.001 0.841 2
$5%0 Exponential  y = ¢ 3653 7105164 0.823 6
Sk Head length 4 Linear y=10.670 3x + 1.540 6 0.903 0
TR Quadratic  y=- 0.050 5x* +0.994 5x + 1.120 8 0.910 3
=K Cubic y=-0.037 9x* + 0.308 9x* - 0.012 8x + 1.921 8 0.914 3
15%0 Exponential ~ y = 0708 8+0-176 5 0.8756
39 Head width 14 Linear y=0.654 4x + 1.059 8 0.933 5
T Quadratic  y=-0.011 3x*+0.729 1x + 0.958 6 0.9339
=K Cubic y=-0.044 1> + 0.421x% - 0.530 4x +2.014 1 0.939 8
$5% Exponential  y = 47! 8101994 0.9150
FZE RS %k Linear y=24117x- 48535 0.878 0
Wing bud length
TR Quadratic  y=- 1.564 2x* + 16.123x - 33.767 0.978 9
— K Cubic y=-1.5642x*+16.123x - 33.767 0.978 9
$5%0 Exponential ~ y = ¢~ -0407+03949x 0.807 5
HZETE B4k Linear y=0.728 6x - 1.036 8 0.867 8
Wing bud width
TR Quadratic  y=-0.111 9x*+ 1.731 5x - 3.203 6 0.873 4
=K Cubic y=-0.1119x* + 1.731 5x - 3.203 6 0.873 4
15%0 Exponential y = ¢ 06892103242~ 0.849 8
2 RIEA 4k Linear 3=0.059 4x - 0.181 0.919 7
Wing bud area
T Quadratic  y=- 0.020 7x* + 0.249 5x - 0.601 7 0.950 4
=K Cubic y=-0.020 7x* + 0.249 5 - 0.601 7 0.950 4
$5% Exponential  y = ¢~ 33619106199« 0.8452
[LVRS %k Linear y=3.138x + 0.481 2 0.900 7
Antennal length
K Quadratic  y=- 0.259 4x* + 5.104 3x - 2.801 5 0.910 4
=R Cubic y=-0.436 5x° +4.592 5x* - 11.426 Ox + 14.150 0 0.9372
$5%0 Exponential  y = ¢!3¢7 410238 2 0.850 9

PR . P2 RO 2R I RN R =TS 45, RBEFLS . The wing bud length, wing bud width and wing bud area
did not meet conditions.
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Fig. 5 Regression analysis between nymphal instarsand morphological indexes of Ceracris kiangsu
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A. Linear fitting; B. Quadratic fitting; C. Cublc ﬁttmg, D. Exponential fitting

&3 1-2# Wilks1 &
Table3 1st-2nd instar Wilks 4 value

PR Wilks 2 {H RITK: HHE df PH
Function Wilks /4 value Chi-square Degree of freedom P value
1 0.136 91.70 4 0.000
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BB AT 3-5 W 7EIR A E BA I 0y 22 R0k
(& 4), 100%m 8 A G R — R T
X2 Sk FIRIRECHRE . 3 i¥=7. 466K+
64.371x 3k £ +110.859% 3k % +27.562x ¥ ZF K +
29.906x M ZF ¥E - 449.939; 4 #y=9.288x{K K +
68.844x 3k £ +134.058% 3k T +62.994x ¥ ZF £ +
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41.863x M ZETE - 790.835; 5 #=10.927x & K+
77.921x 3k £ +154.487x 3k B +69.832x ¥ 2F K +
52.951xFMZFETE - 1040.596, (A | filfg KAEZ
A HN Ay BT RS B 30 28 1w BRI 2 K A AR I
vk, B

2.6 EEMEERKERSIRT

WK A | 78 5 R Kl o B O 25 2R 3
P Sk 2 TR AT MR HU e ) I B
HUIE SRR, ARG A A1 LS 5y S84
SES T ST RO IER BT S (K5 ).

)R, S ZFA S B AT A A v A A
BB SRR (BT L IEMk K, 5T RHRA
o) ), LA ZE A K SRR I 2R S 0T A 3-5
W R H BB . 1A 2 BESH IR A
W, Al i Sk SER AR/ N BT I, 3 ey
B 4 BRI 5 T BRI S ZE RN EAEAE
WIS, HIE G S R w5, 4 WA
5 WA IRTE G RIE . IR LSS R G T,
5 T )2 4 ey RO 2 R i SR AR SR 1 I
AL B, T 5 i HRUH 25 AR S 2 AR S 3 MIE
4 AT B

#x4 358 Wilksi &
Table4 3rd-5th instar Wilks 4 value

PRI%Y Wilks A { ROk M df P{A
Function Wilks 4 value Chi-square Degree of freedom P value

1-2 0.004 361.635 10 0.000

2 0.347 74.046 4 0.000

&5 HMEESIRAE

Table5 Simple determination table for nymph of Ceracris kiangsu

il . (mm) 398 (mm) W
Instars Body length (mm) Head width (mm) Wing bud
1 # 1st instar 6.79-12.73 1.73-2.37 T, HAPIER
Invisible, only two backplanes
2 #% 2nd instar 10.50-17.19 2.07-2.93 T, HAEMPER, 1B
Invisible, only two backplanes, bigger than that of the 1st instar
3 #% 3rd instar 15.19-22.26 2.44-3.70 PZERUN AR, BT R R o 5
The wing bud are in a small triangle shape, almost flush with
the end of the thorax
4 4% 4th instar 22.26-27.26 3.25-4.50 AR, Rk 1 AL
Wing bud become longer, and the end reaches the first
abdominal segment
5% 5th instar 23.50-34.36 3.96-5.11 AR, ARGk BN 3 M 4 @Ak
Wing bud become longer, and the end reaches the third or
fourth abdominal segment
i AT [ B0 SR R R T A R O, SR
3 ifit RO AT PTRIE S L SRTA (B A

W% 4y Hu gt Bz o 7 ok 0 L o oy B4 U
i, (E3REI2 ) (RS, 2018),
W VERR A AL RR B L T R LA R 4
IR HE BB S8R (Richardi et al., 2013 ).
AWRAEZNFEIRFZE T, it 60 d, W T8

S, 1959; TRARFRFEMEA, 2004 ) HGE A
BT IR B —B [FIRE, AREFTIE T 55
Prgas iR | IR, Sk, SkTEL BEEK . @
258 R A A 8 RN, METAR
SRB PRSI USR535 SR 23 I s
FENE A HS 0 R ULy 25 SR — 3, Sk SErE R
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AR R o R v B 0 1 g B K B R AR
AT RS IR R R bR, AT AR R
SRARRKKZ (£1, £2, K5),
Brooks il Crosby f5HU& TN R R4 A H
R E SN, W TR H (Coleoptera ), iH
H ( Lepidoptera ) 55 5¢ 478 A8 B HU1) 43 0%
(Chenetal., 2021 ), MX}F—LeiAs R 4,
4y U — S 28 T8 bR A AR K R P 22 B0
Brooks 5l Crosby #5341 JH( Loerch and
Cameron, 1983; Lackmann and Butler, 2018 ),
wmE s (2013) ERBHTSEY Apolygus
lucorum SRR | RFERIK TS8R A
Dyar F1 Crosby W0, AFFEPTEEHLAY 8 I~ HH
sy i Hatnh, A | 8 ZEORIH 2F AR
JH Brooks $8EUI0IE M FEAERUR 5l , 8 N6 R
# Crosby 8% (4aXH{E ) HIRT 10%, #HM
2 183 3 I BT AR R U, X TR
BOE TR M K TR Bk (2 8% ) B EATEGE (3
W) BT R R I P A A R AR S B . 1
HbUZETE 3 1R 3] 4 1 2 AR R, 432 3) Brooks
TRECH Crosby f8EULFER, [A))&E 18 SR AR
W KIS Locusta migratoria manilensis . V0515
Schistocerca gregaria 15 & B i FEHH 23 KA TR
S BRI BT 6, | PR SE )5 TP AE 35 2
S (FRETKAE, 2004), HRMIMGRGBEK
AEATY R i — 20 B B
RAERAET RS ZEME . BY R EHE

ZRE RS, PRTE S AT 28 I e i 1
] P b 2 3 3l 15 ] 22 148 A ol R 43 Bl 4
(Wuetal.,, 2013; Peterson et al., 2019), /b
fdfi 1B —FE bR, 10 SR SFNH B 43 B 1 SR X 224
SHBTEPRIF TR (R I, 2018 ), A
WO B AT S FR PR VR AR i, AT IR I Y
FIR AT, BB HGN Aor Dy 1-2 W 3-5 1
PIER Y, 8 2R A oA T R AR PR, SRR
B, WRZERTON AN BEAATER 3-5 5 HUR R,
Fisher JIBIERIRTE 98% LA 1o £ X BB T8 )
AW TRATHIE 115 5 98 A e dupk
(] TR0 2 FH T bR ] Pk 3 e 7 i i (25 ),
TERFAM IR A rh, AR 2R 04 R 1-2 8
1 3-5 WHHPIRRSY , 75 1B H 2 8 DUAKAE N

HBDFIA bR, TE 3-5 0 LU ZEAE A Bl A $s
bro FERFYIH . LWIEIEME Liriomyza sativae
SRR vE T R B AN R B HE R, AR 4l
ST U8 FE BRI EE AR R RIMERY , o R % iR
ki, HEH R TE KON (BRI EE RISk B F,
2011; FRALIEAE, 2020) DASIEIE MRS (SfE
A, 1998 ) SFEHEIRE N IR A o

WE, AEER . W OUREM . ERA
G HUBRE | et R 0 A5 R 2R X B L 4y L R
WA RIS AT — 2 52, AH . DU 8 At 25
H:A5 4k (Esperk et al., 2007; Chown and Gaston,
2010; Razmjou et al., 2014 ) , QN4 E
VIR Z B E R 55 16 DL 2 g5
M b I K5 Malacosoma disstria 513 %
AR Y], 25 B i R v kb R A B
AR (HEEE AR5, 20185 Jones and Despland,
2006 ). SR, AHFFRALE BT 18 PR A5 1
TREEEB RN, IR A UEAN ]
Fr BURFIAR IR 1 BE X 40 Sk 78 R RN, FEREE
B BN IR AT, A E KRR
i rh H Sk 58 96 5 08 DR 5 A AR AR A DG
A R 2P
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