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Determination of larval instars of Holotrichia oblita
(Coleoptera: Melolonthidae)

LU Jun-Jiao. REN Mei-Feng LIDa-Qi GAO Xiao-Yun YANG Jing DONG Jin-Ming

(College of Plant Protection, Shanxi Agricultural University, Shanxi Key Laboratory of
Integrated Pest Management in Agriculture, Taiyuan 030031, China)

Abstract [Objectives] Holotrichia oblita is a kind of serious subterranean pest with long larval stage, which is difficult to
distinguish the instar. In order to clarify the development status of the larva and accurately classify the instar, the theoretical
basis is provided for the prediction and prevention measures. [Methods] Instars of H. oblita were studied by measuring 8

indexes of body width, head length, head capsule width, antenna length, antenna distance, ocellus distance, upper lip width and

body weight. A frequency distribution analysis and the Dyar’s rule were used to determine the number of larval instars, which
was tested using Crosby’s growth rule and linear regression and exponential regression. [Results] We found that the larvae

of H. oblita could separated by head capsule width, eye spacing and antenna spacing into 3 instars. The range of head capsule
width from the Ist to 3th instar was 1 496-4 260 um, 4 261-6 631 um, 6 631-9 000 um. The range of antenna spacing from the
Ist to 3th instar was 500-2 840 um, 2 841-3 880 um, 3 881-5 700 um. The range of eye spacing from the st to 3th instar was

1 000-4 120 pm, 4 121-6 070 pm, 6 071-8 800 um. [Conclusion] The results indicated that head capsule width, eye spacing

and antenna spacing could be used for the separation of instars, and that the larvae of H. oblita have 3 instars.

Key words Holotrichia oblita; instar number; instar duration; head capsule width; eye spacing; antenna spacing
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— R FE I E AT A, YRR,
Mz, FEGARIG ., 4G, PALEA X (fF
I, 2002 ), fedb R RS A TER Y, MR
BRI W0 AR . SRR AR L SRR
FURERS | BRA S Z R R FIAROR I J, ghdoh
INGZ L B M, REEREY, W] b ER
B R AR T A Ay v CEPRE LA TS, 2015 ),
Har, BxHz R A2 v B R AR A
Bt R ST A AHOCHIE (Jia et al., 2014; %
4%, 2015; Guoetal., 2017; [R5, 2017;
ZEAE, 2018 ), {Hi TAL KBEL 4 kK
ARV T, D E RO R, HAR TR IR,
PR aE Fe4h T K ik 340-380 d (BRI 4E,
1989 ), ARG B R RN, 3%t 2 N UG A
1t I Ji& K I ) )8 3t Bl — o 1) PRI o

g R R R AR R T . RAERE
ToUIu FR AN v B A B A, ISR g
(A W58 Rz S MR 2 48 RS ) 1 . Dyar WF5E & 91
4y A HEASERA 1Y B B B I I K 2 — L
{22 &R, I Dyar 32 000 AT 4 K7 4 Heis 35
(BB, 2011 ), HETX 4 dL i 1 %5l 7t
i, SR TR bR 24 B Sk e iR, X AT RE
Al TR RER R, BT RRE., =
MR Athetis lepigone  ( Moschler ) 4 H 3k
5C 5 B R IR o B AR e s (2R AR
2014 ), H/NE 0 H Grapholitha molesta ( Busck )
M FEREAL LTS, L (EI5E,
2016 ), T %% e 312 5 K 4F Anoplophora chinensis
( Forster ) &34 7 () e T8 b (KT SE
2011), ZEilIK4 Massicusraddei  ( Blessig ) HY
S A P bR A b S | SRR ] B T A v
X3 ek ( E/NAEE, 2012). 45 ik, Sk
a9 AR IR i 2 g bR, AR bR
FAAREIRE . RS L S TR R R Y i
FEbR o ASONARAE RS & AT = N RSE,
910 5 Al K RS 4 gl UK TE Sk L Sk
il FRIREIEE . g aIiE . IR vEAAE 8
WOESHEEEE, JFH T8 b e, LI
Hor it me g br , S Aedl K SR 4 f v Fou i i
i S LI B AR

1 MR5AEE
1.1 #KER

P A b I R B 4 fa R B L P A R
TR PH T AR o R R 3] ) B M7 52 6 % PN ]
FE7EON , B RS B A BT B BRI A TAR I T
Nl A S Y T S G e D R |
F%, LI/ 4l 2z 0] 3 AHER A, IR T H BIbRic.
W IR R W (251 ) °C, FHXFIR ¥
60%+10%, JLJEAHAL : D=16 : 8,

1.2 MEFZE

AL B, M4l o d IR,
HIAIBE 10 d BURE 1 7%, 100 d J54ERIBE 20 d BUkE
1 K. FRRBEHLZEER 15-30 kAL B 4 1,
i, H 75% IR IR MR, B ( IREY
AR AT BRA ] ) NS A5 i, )
AR Toupview Ff4 (AR IZ K % HLHE A B
OH]), KBS E TR IR Sk SkFETE
ful G AR . AREEE . LIS 9E 8 T bR
HEATIE SR o HRdb K BEEE 4 fa 2l HUE SRR S % 30
P (1989 ), IAHE R M TR ( Sartorius-
SQP, SEBRAFE(E 0.1 mg) #EATHkE . fEFEH LA
E PN A O (T 3 O W RSB =y st el
g, UMBS% o XS IR SE I 4 BT
MEB IS, BMEALTF 30 k.

1.3 HESH

fii ] EXCEL 2013 #{4-#i1 SPSS 18.0 4tit
AT A B 8 TR AR XS Iz ) 45 e {E FR
ANBIN R AR UK 531 BB i 0 He i i) o
WhE Je, I A I8 FLA R MEA & B Y LA 4
B, AR DU (55045 i 4 U LA AR 1A
FrifEiR2E | Brooks $REUHI Crosby $5%k. #E—
1 5 S5 A 0 W 45 A A B0 43 9 AR i . Brooks
FREUCFN Crosby FEEUMITHE AT (ZEH B
4, 2014; FI55E, 2016 ):
BrooksfR %} = X
Xn-1
Xo A1 Xy - 1 430 2750 n i AL n-1 % 40 SR
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EANIR SN 2.2 Crosby {5817
Crosbyscaiﬂzz% A S 555 LB B A A L 3 4125

by A1 by -1 43R /REE n A1 n— 1 4> Brooks 5
e

24 Crosby #5850/ T 10%HT 32 B & A K1) 4345
#r&FE ( Loerch and Cameron, 1983 ).

XoF Ui 1 ) LR A 5 08 B A T Gt TRT
ST AR RO AL G, 24 P<0.05 ULRHEEAN [m1IH
FRARVE B EVER, P>0.05 Ui B 1) [m] A A 7l
ToRl o DABER SRS AR 43 i) 5 B0, DA i
FE T8 45

HR 4l B 1% 4 A B D W TR 45 08 40 LAY
KE DI,

2 HRESH

21 £ ARBES ALY HRBHBE

e BT ARy 8 B A TR o3 A I 52
THAHT, S5SNI, TR
TR X, — N ISR —

LA, FISTE . SRHARIATE 2 MK
P X, AR AARES 4 DMEIRETX
W, ke vE . PROHIR () B A Al A 1) B LR BT AR 4R
H 3 AR R X, AT 3. 1 R4l
SLFEFETEE K 1 496-4 260 um, F-3H 2 878 pm;
2 Wl AL SEFENE A 4 261-6 631 um, F¥H
5445.5 um, 3 14 1378 5 L (6 631-9 000
um), 4 7 815.5 um, 1 #E4hH R A v
Bl 4 1 000-4 120 um, “F¥JH4 2 560.0 um; 2 14
Ly AR B VI A 4 121-6 070 um, )k
5095.5 um; 3 B4R AIRE IR FE N 6 071-
8 800 um, VK 7435.5 um, 1 4 H fh 1]
FEYE A 500-2 840 um, “F¥4 1 670.0 pm; 2
W4 il T BE S R R 2 841-3 880 pum, F-¥H
3360.5 um; 3 @il A EFELE S 3 881-5 700
um, FHH 4 790.5 um, 5% PR FE R L) HU
BWRBAE NS, AL KBS A0k 3 i
FONATE, Bt Crosby 55050 Hr FA1 9 434
S Sk A B

SEREE , MR 3 IR IR E (AR I | FEA
B, HME . brUER. Brooks 54U Crosby 544
(£ 1), 53R ER, KTHE Crosby 85N
- 0.077. BHREBEAY Crosby $58%0k - 0.271 . fih
FAEIER Crosby #8000 - 0.240, L] ULk
Seoe . PRHRE]EE A AR [ B Crosby FE£44/)N
T 10%, FRIALFCTE . HLHR [B)FE Rl A B) B G 3
MG AVE AR R4 fa 4l R R 3
W4 AR Al 2 B Y

2.3 [EFSH

X Sk v | PPCHRE TE] S R i A ] B AR B AT
LR T A3 HT AR AL M5, SR W3R 2 &0
Fio 3 PR FE bR 508 B 0 et LA R s £l )5
UGB (P<0.001 ), Mgtk mIH 54545 mH
PAHIL, Yo 28 RRBEE A, BEBIL W
VA R o AR 6 R B 4 f 2 L Sk 7 58 S5 iR
BB L PE L& R N y=234.82+2 487.56X,
RP=0.947, P<0.001; iR ] #E 545 40 i i 2k
PIA R y=187.587+2 358.76x, R=0.933,
P<0.001; filtff [H] 5 5 % 300 0 e 1k B 5 T F2 R
y=119.49+1 468.93x, R?=0.926, P<0.001, 1}
B IR PR ZEME I 4R LA B Ry, ke
PR ] PR RN ik AR () IX 3 TR 2S48k WA S i
BRI AR o HE— 2500 T A% 3 T4t 45
FrifEArHedt R S 4 fa 4l LA X o 2 A B . [R]
B, Sk T8 M 2400 B 00 T fd f E) 8L LRI (1)
B bR, ARl R A MR 4 fa &) UK S8 T8 o i
FE IR FE PR

24 HIXKBEESALHRBE

TEENIRE( 2541 )°C, FIXHEE 60%+10%,
ML - D=16 : 8 &M T, 1 B ER T
Wk (21.33£0.88) d, 2 WA HETFHY N

(29.81£1.68 ) d, 3 W4 R EE WK
(180.91+1.01 ) d, #A4h M & & ik
(232.05+1.11) d.
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Fig.1 Frequency distribution histograms of eight morphological structures used for
determining larval instars of Holotrichia oblita
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F1 HLEXRERERHMPOLERE, AREEMMAEENEESITOH
Table 1 Analyses and results of measures of head capsule width,
antenna distance and ocellus distance of Holotrichia oblita larvae
ALty s e PR BRI Brooks 4L Crosby H5%¢
Morphological Instar Class limits umber o Mean SE Brooks’ ratio Crosby’s ratio
structures samples
AT 1 1518.92-3 703.38 141 273435 52.28 - -
Head capsule width 4 550 43 s 816,12 47 5138.11 62.97 1.879 -
3 6228.37-8 914.34 185 8914.34 37.40 1.735 - 0.077
fish F () B 1 1 077.22-3 582.91 140 2517.78 53.47 - -
Antenna distance 2 4073.58-6113.14 85 4999.19 57.32 1.986 -
3 6 318.01-8 786.30 158 7 238.56 39.03 1.448 -0.271
PR A R 1 539.61-2 304.70 137 1 600.28 38.60 - -
Ocellus distance 2 2408.60-3 522.70 57 3.000.29 37.99 1.875 -
3 3 846.04-5 313.59 185 4535.06 25.26 1.512 - 0.240

F2 LFEEE. BREEEFNM A E R R L EFIERO G2

Table 2 The linear and exponential formula of head capsule width,
antenna distance and ocellus distance of Holotrichia oblita larvae

SRR EVEpy i Z R R Gt HF, P
Variables Regression equation Determination coefficient Statistical parameters
LAe T y=234.82+2 487.56x 0.947 F=6 669.82, P<0.001
Head capsule width y=1 595.18¢%%* 0.899 F=31290.24, P<0.001
fih £ 1R y=187.587+2 458.76x 0.933 F=5345.07, P<0.001
Antenna distance y=1 469.69¢%54 0.857 F=2289.87, P<0.001
HALHR ] #E y=119.49+1 468.93x 0.926 F=4 732.56, P<0.001
Ocellus distance y=908.46e"5* 0.843 F=2019.99, P<0.001

)

Wit

ARSI T AR R A fa gl AR | Sk
. haeve . Al flofmIEE . SRARMIEE . &
J&5E . MR 8 Widghr, H, Fad - ibebr sk
SevE . FRHR A EE A Al A (RD R, =35 (R AR R 4 S
. SEEEMELE e REGEK . 5 Dyar
PN —5, 856 NEFREE R, e 1ERg)
HAME RS . FE I T4l R R 7 1 e A
LSk 5E 58 BE B M vERA , B Tk e B
. AR LT RO K (K AR RN A
1988 ), fEiX 3 Hilpidi /- abnrh, BRk7e 9
A 2 A S (70, R ) R foh R 7 S 7

I B2 2 KB, B4 A 7 ( Calvo and
Molina, 2008 ).

Heb R TR AR 4 e &) AR T Bt A ALY A 3G R

e, (AR A R IRSE RS A, S5l
WE$@% I%K%TWﬁEWﬂA%%ﬁo
ARG O R B, R S8 RECS I —2L,
RN NN N ﬁ%ﬁ%?mwwm,%u
FEAE =S, AT ] DIAE A28 IX 431 10 11 4 B
SIS o 4 HR R B 2 Hh A ) g
K, (BRE S Z &Y RERE R (R,
20065 ARAIHLZE, 2017), SR%E—FEATLIHT
fRT LI 43 1 #F 3 i 4l ML AR A AR FE b
SR BRI AR B R B TSk R 4R Y T
WA T I R 25, Al AR XS4 01 0 48
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P o M A ER R B AR A v A {E I Tk A
Yi/NHAE G PTrs R, ARG w4 UG, BT LA
fid 7RI S L PRI ME , AR I SR 48 A AR
RERAE 28 BRI, eI e 30 O AF 5 v di dig ik
BUBCREEE &, By i FN A2 T PR B/ INA s 7
T EMF5E (Richardi etal., 2013 ),

AR 4 gl R IA AR TR A R, &
BAERK, HAERERESZA WY | 15
TR VR EE | OGRS RN R B (BRPSEAE,
1989 ), EEPNIRE (25+1) °C, AHXF8E
60%+10%, JCFAM L : D=16: 8 &£1FF, 1#4%)
B REIYN (21.33+0.88) d, 2 #4hdk
BN (29.81£1.68) d, 3 W4 HKL T iy
Jy (180.91+1.01) d, #Ah UM &7 N
(232.05+1.11) d. B85 (1989 ) st
KB IV . IR Z g i 2
TE 340-380 d Z[H], X AIfgSE M T % MR R H
] A BT A — BT v 8 o AL ILAE (2009 ) WF
FRU, SRS SR A K R A 4 fa %))
e S 35 8 T H BRI AE A KA 5% G A b R R A
Sfadh i, HHOREXTHE AR, 1
MR 18% it e HAE KA H  EE MR
ORI, BYIRE= 2S804 RUPRETI R, XA
G 2P B R A A CHRIE (Esperk et al.,
2007 ),

ASHIE 5 T T ARG K A 4 fa ) UER & 7
— B S EE ST A NS B R SR A, A
G 250 T N AR 3R 10 2y Je e T8 0 T HLA e
M —3E, Bl Iras R AR (SRS,
2015 )o AWFFETH L H 1S 7258 . HLHIR [ R A
A 18] BE R il A i e A , 3 HERR X el KR
il 4 L (RN RPRE 2 B ERE, 48 H(R) R A . Fi0l
Tl e 256 B VA e it 0 ) e P LR AR 3% .
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