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Forward trajectory analysis of wheat aphids during long-distance migration

using HYSPLIT model
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Abstract; Wheat aphids, predominantly Sitobion miscanthi (Takahashi) , Rhopalosiphum padi (Linnaeus) and Schizaphis
graminum (Rondani) , are important insect pests which damaged about 16.7 million hm” of wheat in north China in 2009.
Understanding the long-range migration of wheat aphids is therefore of great importance to the area-wide pest management in
wheat producing regions. Wheat aphids make long-distance migrations with the aid of the prevailing winds. The internet-
based HYSPLIT ( HYbrid Single-Particle Lagrangian Integrated Trajectory) model of NOAA (the National Oceanic and
Atmospheric Administration, USA) provides a means of simulating the migration trajectories of small insects, such as
aphids. The profile of aphid density was determined with a series of balloon-supported yellow traps located vertically at
heights of up to 100 m above ground level, and migration trajectories of aphids at the various heights was simulated with the
HYSPLIT model.

The helium-filled balloon of about 55 m’® volume was tethered at height of 110 m by three chinlon cords. A fourth cord
carried the series of sticky yellow traps ( Jiaduo Scientific and Industrial Ltd) suspended beneath the balloon. The sticky
traps took the formed of cylinders (diameter =25 cm, height =60 cm) attached to the vertical cord at intervals of 10 m.
The balloon-suspended trapping system was operated between 21 and 28 April, 2009 at Luoning ( E111°39711",N34°22’
58”") of Henan province. The aphids trapped were predominantly Sitobion miscanthi and Rhopalosiphum padi. The aerial
density of aphids (number per trap) showed stratification according to height above ground.

The forward trajectories of aphids starting at Luoning at 11h, at heights of 10 m, 40 m, 70 m and 100 m were
simulated with the HYSPLIT model (http;//www. arl. noaa. gov/HYSPLIT. php). The simulated migration distance starting

at a height of 100 m, with a duration of 24 h, was generally greater than trajectories starting at other heights. In most of the
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cases (6 out of 8) the aphids migrated towards the north and the maximum distance moved within 24 h was 500 km or 490
km on 28 April.

Key Words: wheat aphids; migration; HYSPLIT; forward trajectory
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Table 1 The simulated landed location and migrate straight-line distance of wheat aphid at different heights in Luoning (E111°39'11" /N34°22"
58")

BT CEE/km

H 0] % /m L Pit/h B RAE BRI B RALE Migration straight-
Data Height Migrate time Last Landed longitude  Landed latitude Landed location . .
line distance
10 1100 24 E109°56'58" N36°23'50" B PG 45 HE 2 T 272.85
2009-04-21 40 11:00 24 E112°2930" N36°06'03" SRS A} 330. 32
70 1100 24 E110°34'01" N37°31'09" BV i T 360. 89
100 11:00 24 E110°5538" N37°49'45" 1794 B 3T 389. 04
10 11:00 24 E113°45'12" N32°03'58" A 15 BT 322.51
2009-04-23 40 11:00 24 E113°46'42" N32°03"24" A 15 BT 323.88
70 1100 24 E113°4829" N32°02'38" A 15 BT 327.46
100 11:00 24 E113°50'35" N32°01'46" A 15 BT 330. 41
10 1100 24 E110°53"29" N32°18"20" Wb + 1T 241.23
2009-04-24 40 11:00 24 E111°12'05" N31°41'14" Wb sty 300. 31
70 1100 24 E111°20'59" N31°24'03" Wb sty 331.04
100 1100 24 E111°28'46" N31°12'43" Wdbag sty 351.24
10 1100 24 E111°57'43" N35°44'41" 1798 BT 154. 47
2009-04-27 40 1100 24 E111°58'47" N35°50'56" WP I BT 166. 06
70 1100 24 E111°58'42" N35°59'07" 1L P45 I U T 180. 67
100 1100 24 E111°58'48" N36°05'06" 17545 I U TiT 192.23

2.3 EWRIE S

HYSPLIT 43 #7255 7 100m = 25 i i E R 0F , 28 24h,8d AT 6d J2& R s ) JbiE &, 2d S ik
B i r il R(E 3) . 4 H 28 H At vl ik 1L P94 KJFE T, 4T CIE BT 494. 93km; [0 B if RN A 1 4
H 24 HEmnl iAW F8T , BT WIEES 351, 24km, i CIEESHOEAIERIfE4 H 25 H 1T KEIITEA
B3R, E AT RIS 110, 01km (32 2) , BT RAYZWF, 7F 10—100m & 5278 Bl 9 i R G = JE 5 iE
TWHE B NE EL R A R R R G R

F2 ETIREA(EI1°39'117,N34°22'58") 100m &= = W ELNT Y EE R BRI CHES
Table 2 The simulated landed location and migrate straight-line distance of wheat aphid at 100m height in Luoning ( E111°39'11",N34°22'58")
BT GRS/ km

H i %J;l_z‘/m ;l iE§ l_‘uJ Jikt/h ﬁ«%ﬂéélf{ ﬁ%ﬁ%l}'{ ﬁ‘?@'ﬁﬁﬁj Migration straight-
Data Height Migrate time Last Landed longitude  Landed latitude Landed location line distance
04-21 100 11:00 24 E110°55'38" N37°49'45" WPE4 B 3T 389. 04
04-22 100 1100 24 E110°04'09" N34°27'10" BG4 4 [ T 146. 41
04-23 100 11:00 24 E113°50'35" N32°01'46" WA (5 BT 330. 41
04-24 100 11:00 24 E111°28'46" N31°1243" Wb FEsE T 351.24
04-25 100 11:00 24 E111°55'20" N35°16'02" LWLIPE 4 32 T 110. 01
04-26 100 11:00 24 E113°27'31" N35°3227" WA ST 209. 01
04-27 100 11:00 24 E111°58'48" N36°05'06" LLIPE A5 I 5 T 192.23
04-28 100 11:00 24 E111°03'55" N38°49'19" LLPE 45 R T 494.93
3 itig

HYSPLIT &35 1) — A58 1 525 [0)32 8l S B 2% 40 WO TR AR $0L B 52 38 R 40, B nl LU s —
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Fig. 2 Forward trajectories of wheat aphid
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Fig. 3 The migratory trajectory of wheat aphid at 100m height(21 Apr—28 Apr)
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