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Preliminary detection of magnetic particles in the oriental armyworm,
Mythimna separata (Walker)
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Abstract [Objectives] Magnetic particles are important for some organisms to sense changes in the geomagnetic field.
They are also one of the important geomagnetic orientation mechanisms used by insects during long distance nocturnal
migration. In this study, the locations of magnetic particles in adult oriental armyworms, Mythimna separata, a nocturnal
migratory insect pest in China, were identified. [Methods] SQUID was used to detect magnetic particles in the heads and
abdomens of adult M. separata, and a standard BX61 microscope and Prussian blue stain were used to observe the distribution
of magnetic particles in the abdomen. [Results] The abdomen was weakly magnetic relative to the hysteresis loop in the
head, indicating that there may be magnetic particles in the abdomen of adult M. separata. Furthermore, microscopic
observation revealed obvious Prussian blue precipitation in the abdomen. These results demonstrate that there are
ferromagnetic particles in the abdomen of adult M. separata. [Conclution] The adult abdomen could be important for
sensing the geomagnetic field and for geomagnetic orientation in this species.

Key words Mythimna separata; migratory orientation; magnetic particles; superconducting quantum interference device

(SQUID); prussian blue staining

I QAT o B AU HE NP AR | PR UEF ( Southwood, 1962 ). S, e #5 ZEE
T B AT ANRE 22 BE AL A — BR A A X R SRBGETPRERATAE, WITROT A ELEBIA R A

*PE BT H Supported projects: [E % & S HF &R (2017YFD0201701, 2017YFD0201802 ); EFE G RI1AZE ( CARS-22);
% 4ok 34 (31672019, 31871951, 31870367)

*x 4[] 5 —VE#H Co-first authors, E-mail: 365164184@qq.com; 2213255114@qq.com

=457 JA/E# Corresponding author, E-mail: xfjiang@ippcaas.cn

WeAS H ) Received: 2020-08-10; %3 H ) Accepted: 2020-12-24



13 BN O R R A A R TR 4R 91 -

i H Y3 ( Kennedy, 1951; Urquhart, 1987;
Wikelski, 2006 ), fFiEifgiE il e, Ry
DI B PR AN AR 1 £ TS 5 i 3 B %
A& Las A i T HERA 2035 H 0 A 05 PR Ry
B E ) (Jander, 1963), i &Ik Al ITE
RORUEE S N 8 B ) RATAT A (R ORF,
1999). ¥FZA0ll 3 BB EA LT KA1, W
ki L Mythimna separata . 4 4% 4t Helicoverpa
armigera, A4 Cnaphalocrocis medinalis |
#5 & HE\ Nilaparvata lugens . /)NHi=E 2 Agrotis
ypsilon %5, SR HE AL v AR SE AR . K
SRR, B AT BB AT ROE ML 4E K P2
735214 (Oliveira et al. , 1998 ). EZ3HriE A
( Wehner, 1984 ). fiflRGsE 1] . M XVEERS A
( Preiss and Gewecke, 1991 ) Fl#h %% 22 1] ( Banks
and Srygley, 2003) 4. HAI, X&ME CER
E M AL A IE R B, AT R R e e mT e
B E M5 5 &MY (Chapmanetal., 2011 ),
W3 0 )5 A5 B R B #R A AT el B e g A% Ik
FE— N H E AL ) SRR . AR T T E B Y
M7 E ( Lohmann et al., 2007 ). HFI, #iE
] A PPN [E] B B AL, BIRE R AL AR
A2 AL Ritz, 2000; Kirschvink et al., 2001 ).
T RENE BURL A WL IR AZ B 2 - Kirschvink 55
(2001 ) #2111, AR 2R FATAHLEEREER ™
e VR REAVE T o S5 28R 0] T R G E 224
RN R BURE ( Fleissner et al.,
2007 ), TEREGSRATT piwti, mTLAEERSMM
WG 12 7 T e — I ST MRS, it — 25
M 24 LA 45 o 5 38 308 9 JIORD G PR S, K
I 7™ A5 AH I f%) 48 B B 037 4% fk ( Kirschvink
etal., 2001 ), A[RIFEJEE H R el 30 20 e 5T 3% 1Y)
ERCE v RN N (W b LN B NN E < W/ W = SN a il ]
P2 RS (Hanzlik et al., 2000 ), %k
o B A —E TR A RE LT, BV AE YR b2
A 7RGk S AARZEA , OF HHEA —E i
PR 5 KM AR R . BEMEY) T R
Polyplacophora H#% &% P ( Lowenstam, 1967 ),
Z 5 R WA T v R AT R ) A A
( Blakemore, 1975 ), Beason A1 Nichols ( 1984 )

&K Dolichonyx oryzivorus 4 ¥ 5% 3 i
( So i B R HE (1) X 86 ) & A 5 I REPERURL, T
LT 5% P M SR B i A2 DA MR 3 1 A/ N AR
b7 8% ( Beason and Brennan, 1986 ), PBf)5
TERS T By MR A % B ( Hanzlik et al., 2000;
Fleissner et al., 2003 ), XS4 K ks DL sk
SO URE AR TE AR, S0 A0 T PR 2R A 2 4
X, IS = XMEHE, oo XS —
AIRAZ 5 T RS I RRIE— 3, YR b
R T IR Ok ( Winklhofer, 2006;
Falkenberg et al., 2010 ), 7rif ©HHE CEUAP
[ & RAETE A G ok, A G T RElSE R
B RE IR AZ AL AE CAT A R R BRI T AR &
BB M (Panetal., 2016 ),

KR EEH H , ORI e i e 2
M E R BT G B AR T A 1480 km
(2B, 1964), FEAEWM . REM A4
RE, FERE, B, HAb X 3 & IR H
fad . Ml EMEL, FEFE, SxKE
KA N R EOK =R EARAEY)E ™ e,
[F] At 2 X HA AR ABHEY) . R L3 ED AN
TR P 3 B [ RE B2 4 2% (VL2 4 5
2014 ),

T CRENK REFENHERENE, EKY
M) AR R Sk, R gdE R T TR
ER AR E BN E A ER E “FEA
it kAR I AR A IR G R AR R,
HaXFpoe miE R a8 b B 201,
1964 ), & HUTE IA I i) 235 TRt 2 BA RS HUE RO
HEAE 2 b HLAG B I A9 SR AR W2 AL m] g 10 17 R
(Ehtsr, 2003; FOF, 2005 ), FIHIZ B8
2R PR A Rl g 37 SR, R AL ) AT
FHEA BEA . EWHEES AT, KHEAR
A BB E TR fEMREES FE %
W, R BB AT I FEAKE A
AL Wb, R R AT AT o A2 B
SCWRAN 3, TR SR BV T 43 i e 1Y 9 3%
B, R BB T A WAL R AT, ksl
3 RS B AT BRI H MG ok ®AT R 1 1Y
(i) s e 300 G T DA JER T 3] b i Y A £ 1) AR Ak



- 92 - R B H 244 Chinese Journal of Applied Entomology 58 &

(B H %S, 2014; Xuetal., 2017; FAHE5L%E,

2018 ), DX Ui B T KA AL HUT RE M S #E Y
KFREY], (A HRZ W  HLE IR AT 54 .
PRI, B9 A P 2 A5 B R T R 2 R R L
TR 1) G A T AL ) B N 4 . ABFR DL R
KA R FE HORE ARG, R, HR AR P
TG UKL, DASD SAp H 1 sz AR b 7 2 T ML)
GE B SLAl

1 MRE5AEE

1.1 f#ikkeH

HECRECR | ], JFAECRE NES L
5, TR HXHEE 70%£10% . i
JE (24+1) °C. LI L - D=14 : 10, #IW#4)
HHET 750 mL BEESH (& 14 cm, HAZ 8
cm), L 10 KRS BEARFR . 4 H i EHT
Tk, IR H B fRgHEIEIE S, fE
BRI P A S K E R 10%-15%09 £ k7 {1k H:
e s BRSPS, BB A B AR 8 om,
= 20 om MY ¥ERLE PR SR JEIRE 5% K,
B HE

1.2 HERE&E

Shy ik B R HRE ) AR B G 2R T AE IR
HERL, MR Hanzlik 25 (2000) 958, ¥ 2 A
JERN OB AT 1 d FEATIURAL B, FfHEZS (RN
FIEYIFRE . FEATHI&E, B a2 bR E A
JE I AT kSRR A P A TS G R Tk
BN BRI, (R AERGYE ) R R T
BB H Sk AR FIIE S , Pl A3 B TE K B
HEFTIRAE o AR, RN #2545 Z T
FHAERE M T B e e B9 T 288 KA IS Uk - #h
T HORE S ARG5S, FRATT 3 o (5 A
BE/INT 5x10 emu fRBTRE Sh A5 0 B RE B AR AR Y
AT AR fi P R i e /MK

1.3 ®#EELZEN

B SE T T (515 MPMS-7,
Quantum Design, [ ) FEATRLN R, W&
F1x1071°20.3 Am?, 4axf REE R 1x1071° Am

(WE5R ¥ 0.8 mA/m ) F15x107'° Am (B350
J# 4.0 mA/m ), 7E 1.9-400 K FTRETERIN, ¢
i as (8] @<6 mmx6 mm, #3%7EH H+4.8 mA/m,
DN A VR R R £k ( T=10 — 300 K ) Flfg it
M2 (T=10 K), HAFr#iid 7 WFEwE R )|
TR, Jo5 A T R % SR A R S
B Z ARG R . H47E 10 K 19 5 T gk
A5 (R AR AR R T W, a2 DA 10 K #4E] 300 K
PEAFI A . 7E T=10 K B IRREHS 7128 A 0l it fsf
[B)4+3 T, ~F-XIEFEA 100 ms.

1.4 FEMEBRLE AL

WA (2011) R BURLE (LI 5 B,
BUL Rk 0L, B PBS ¥ VR Pk 25 B H e i 4
J s VTIORGOS, FH 8%-10% HH RS 1A
PEAT L ZU T 5E 5 A BRAT (Y B PR AT A I T
YA, &gt a)s TIEE BX6l 5tk
SO AOBE TOULEE T T R A 1 R 2
17D

2 GR59H

2.1 HhEE AR PRI R IR B IR B h £ AN R
fEELR

il AR T 22 1 V5 R 1 TRl HUR
(1) 3k R FIE R A IR B AR R th 48 (T=10-300 K)
IR i T 28 o Rl FRUs Sk R I 0 17 i A e ot
ZRAE T=220 K I 38A Rl B A it 25 (& 1),
S R ) 2 LTS (0T PR, Sk i R i
MIZETCHA R 1A (B 2), 1R HARY H R AL ) 3k
T ICRER: ( RV ), BT RETCRETEBURL . SR,
FH E Sk BB % Rty 2, 150 mT BB LA S5 1
PR, HEIDRY HOIE R AT RE ELAT R ROURL

2.2 ¥ H A A PO R M AL B RE i

FEIPR N B BR DLBRER | BRI B R R
WERR RS G AF A, X8 Fe' 5 AL R
A, TR ) MRS BRDTNE . R T 5+
i T 0 Rl R R S A i D) AT LAk
B, Kb dnl H R ER B A AR R RURL, H A
ARG A



14 BN K B AR PR 2 UL 4R - 93 -
gggg ggz : 3L Head 0.000 15 - JE# Abdomen
S 0.000 004} o 2000198
5 0000002} g 0.00005r
g ok = or
g 5_ i
S —0.000 002 - g 0.000 05
}i —0.000 004 |- = —0.000 10
35 —0.000 006/ §—0.000 15F
—0.000 008 |- —0.000 20|
—0.000 010+ —0.000 25
_0.000 012 L L L 1 1 — L 1 L 1 1 1 1
0 50 100 150 200 250 300 0.00030 0 50 100 150 200 250 300
1R Temperature (K) VR Temperature (K)
B 1 fhHp L EBFNAE AR YR IR WL 4%
Fig. 1 The temperature-demagnetization curves determined from the head and
abdomen of the adult Mythimna separata
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Fig. 2  The hysteresis loop determined from the head and abdomen of adult Mythimna separata
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