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   During the  last six  years serious  outbreaks  of  the orientai  armyworm,  Adythimna  seParata

"TALKER,  occurred  in the  early  summer  of  l971 and  again  in l972. 
'I-he

 outbreak  areas  were

located mainly  in the  western  parts of  the  district. 

'Fhis
 pattern of  distribution suggested

that  the  outbreak  might  be caused  by migrating  rnoths  carried  by  the  strong  southwesterly

winds  which  blew through  the  district. Seme  of  the  local outbreaks  eould  be explained

by  the  topographic  efft)ct on  the  migration.  The  dates of' the  moth  invasions were  inferred

frem  the  mean  air  temperature  and  the  direction and  strength  of  the  wind.  Metcorological

data showed  that  the  inferred dates of  moth  invasion in the  latter half of  May  coincided

with  the  rapid  movement  of  a  depression from  eastern  China  to the  northwestern  coast  of

thc  Tohoku  district.

INTRODUCTION

    In the Tohoku  district of  northern  Japan, there  are  two  main  periods during
which  outbreaks  of  the oriental  armyworm,  Mythimna soparata  WALKER,  have occurred
in the  past. These  are  from  mid  June to early  July and  from mid  August to early

September (KoyAMA, 1970), Also, a  third period during November  has been  recorded

but only  infirequently (KoyAMAand WATANABE,  1962). As there is no  evidence  fbr
a  high winter  survival  in the  Tohoku  district, the  outbreaks,  at  least in early  summer,

may  be caused  mainly  by  immigration  of  adults  from warmer  regions.  In China, the

northward  migration  of  the armyworm  moth  in spring  has been substantiated  by means

of  a  marking  and  recapture  method  (Lr et  al., 1964), ancl  the  early  outbreaks  which

are  seen  in the north  are  considered  to be caused  by  immigration  of  the moth  from

the  south  (LiN and  CHANG,  1964; CHEN  et al., 1965; LiE et al,, 1965). .

    In the  past it was  often  stressed  that  the observed  flight direction ofmigrating  insects
was  not  necessarily  correlated  with  the  current  wind  road  (FisHER, 1938; WiLLiAMs,
l957, l958), but recent  studies  revealed  that  the  long-distance displacement of  many

migratory  insects is under  the control  of  the  wind  (JoHNsoN, i969). Furthermore,

the  migratory  routes  were  estimated  by back-tracking the current  winds  in some  no-

table  examples  of  noctuid  moths  (HuRsT, 1965; MiKKoLA  and  SALMENsuu, 1965;
MIKKoLA,  1967; FRENaH, 1968; BRowN  et al., 1969). In this paper, a  possible  source

of  the  oriental  armyworm  rnoth  causing  the  early  surnmer  outbreak  in the Tohoku  dis-

trict is inferred by analyzing  the  relation  between the  distribution of  outbreak  areas  and

                                  238
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wind  conditions  during the  suspected  periods of  moth  invasion.

MATERIALS  AND  METHODS

    Detailed records  of  the annual  survey  on  the oriental  armyworrn  outbreaks  during
the  last six  years were  provided by the  Agricultural Experiment Stations in the  Tohoku

district. The  annual  records  include the  localities of  outbreaks  and  the  approximate

date of  cessation  of  infestation. Frorn the  approximate  date of  pupation in the field,
the  first ovipositien  periods were  roughly  inferred based on  the  heat-unit accumulation

in the main  outbreak  areas.  For  this purpose, the  developmental  thresholds  and  the

thermal  constants  fbr the  egg  and  larva given by LiN  and  CHENG  (1958) were  used.

Since the flight duration of  this species  as  tested  on  a  mill  has been seen  to be remarkably

prolonged  on  the third  and  fourth days of  emergence  and  rapidly  declines on  the  fifth

day with  the  ovarian  maturation  (HwANG and  How  1966), the  long-range migration
could  be made  only  within  a  few days just before oviposition.  Thus, the  approximate

date of  moth  immigration can  be inferred from the estimated  date of  oviposition.  For

this estimation,  the  temperature  records  of  several  meteorological  stations  situated  in

the  6u Mountain range  were  excluded,  because the  outbreak  sites were  distributed on

the plains or  the  hill sides  below an  altitude  of  300  m.  The  wind  records  in the  main

outbreak  areas  of  Akita and  Aomori  Prefectures were  examined  in detecting a  pos-
sible  relation  between the  moth  invasion and  the  wind, because a  great majority  of

outbreak  sites  were  located in these  prefectures. The  restricted  local flow of  the  moth

swarms  were  inferred from Iocal wind  roads  on  the  suspected  day  of  moth  invasion.

The  direction and  speed  ef  wind  were  recorded  daily at  9 a.m.

RESULTS  AND  DISCUSSION

Generat dtstribution of outbreaks  and  the period of moth  invasion

    Annuat  records  of  outbreaks  of  the  oriental  armywerm  which  have  occurred  in early

summer  ar ¢  summarized  in Table 1. This table  suggests  that  serious  moth  invasions

occurred  in 1971 and  1972 and  resulted  in great losses of  pasture grass mainly  in Akita

and  Aomori  Prefectures. As  will  be shown  in detail later in Fig. 3, the  fbllowing points
can  be seen  in the  distribution of  outbreaks  in 1971 and  I972:

    1) The  outbreak  sites  were  scattered  in a  wide  area  stretching  about  300 km

Table  1, EARLy  SuMMER  OuTBREAKs  oF  THE  ORIENTAL  ARMywORM  IN  THE

          ToHoKv  DIsTRIcT DuRING  TI･IE LAsT  SIx YEARslt

Year
Prefecture Injured plants

Aomori Akita OthersGrasses OthersTotalXeMagata .-
19681969197e197119721973ooo279o o1o625o ooo12o oooooo o1o88l6o ooo2oo o1o90I6o

a Figures indicate the  number  of  lecalities where  outbreak  of  the armyworm  occurrcd.
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from south  to north,  but many  were  located in the  western  parts including Aomori,
Akita and  northern  Yamagata  Prefectures, particularly on  the  coastal  plains along  th ¢

Japan Sea and  on  the inland plains which  open  towards  the  west.  This rnay  suggest

that  the  moth  invasion was  by way  of  the  western  coast.

    2) Except fbr Aomori  Prefecture which  is northernmost  part of  the  district, no
                                  A

outbreak  occurred  to the  east  of  the Ou  Mountain  chain  running  from  south  to north
                                                          A

arong  the centre  line through  the  district. This suggests  that  the Ou  Mountains  might

be efftctive  as  a  meteorological  barrier te moth  migration  at  this time  of  the  season

(WiLLiAMs et  al., 1956).

    3) In Aomori  Prefecture, the  outbreak  occurrecl  mainly  to  the  west  of  the  line
running  southwest  to northeast  through  Mt, Hakkoda, a  prominent  northern  peak of
     Athe

 Ou  Mountains, and  Cape  Shiriya, the northeastern  extremity  of  the  district.
                                       A

In the  region  north  of  Mt.  Hakkoda,  the Ou  Mountains are  much  lower and  would

therefore  not  constitute  a  barrier to moth  migration,  and  consequently  the outbreak

sites might  be distributed along  the  main  wind  direction. Thus, the moth  swarms

responsible  for the outbreaks  were  censidered  to  be carried  by  a  strong  wind  from  the

southwest.  Several outbreaks  ip 1971 in the  Nanbu  plain southeast  of  Mt. Hakkoda
could  not  be explained  in this'nianner, and  these will  be referred  to Iater in relation
to the local tepography.

    It is also  noticed  that  the  Iocal heavy infestation in each  year was  terminatecl

within  a  certain  short  period as  indicated in the next  paragraph.  This may  suggest

that  the meth  invasion took  place in a  particular short  period, Thus, a  possible ex-

planation for these  facts is that  the moth  swarms  were  carried  by a  strong  southwesterly

wind  temporarily  established  across  a  wide  area  of  the district,

    According to  the field records,  the  infestation was  terminated  in all  lecalities
between 15th and  20th of  July in 1971 and  between  10th and  20th ofJuly  in 1972,
with  very  few exceptions.  As the field population usually  reached  its pupation
peak  several  days before the  complete  disappearance of  larvae, the  approximate  time

of  pupation  was  estimated  at  about  10th July for both years. The  air  temperature  for
10-day periods in the main  outbreak  areas  of  Akita and  Aomori  Prefectures are  shown

in Table  2, From  these records  the first oviposition  period was  inferred te be May  25
-28

 in 1971 and  May  15-17  in 1972 on  the  assumption  that  the developmental thresh-
olds  were  13.1 and  7.70C, and  the  thermal  constants  were  45 and  402  day-degrees for
the  egg  and  the Iarva, respectively.  This suggests  that  the  moths  immigrated  in mid

or  late May  and  also  that  the  immigration  was  somewhat  laterin 1971 than  in 1972,

    In order  to degect possible dates of  the moth  invasion characterized  by the  strong

              Table  2. AiR  TEMpERATuREs  iN  'rHE  MAIN  OuTBREAK  AREAs

Period
95%  fiducial limit of  air

1971

temperature  (Oa)a

        1972

 May  11-20

May  21-31

June 1-10

June II--20
June 21-30

.-July .1-IO.

14.6-15,2

16,O-16.6

15.0--15,8

16.5..16.9

18.6.19.4
22,1.-22,8

14.0--14,4

13.8-I4,1

18,3-18,9

l7,5-17.9

17,9-18.2

21.6-22.0

a  Based  on  themean  temperatures  at  59 and  56 stations  in 1971 and  1972, respectively.
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            Fig, 1. Wind  conditions  recorded  daily at  9 a.m,  during mid  and  late

           May  in 1971 and  1972 expressed  as  percentage of  meteorological  stations

           which  recorded  the  southerly,  southwesterly  and  wester!y  winels  and  the

           wind  specd  exceeding  5 m  per  sec.  Solid and  broken lines were  obtained

           from daily wind  records  of31  and  27 stations  in the  main  outbreak  areas  of

           Akita and  Aomori Prefectures, respectively;  arrows  indicate the  suspected

           periods of  moth  invasion.

southwesterly  wind,  the  wind  records  of  mid  and  late May  in the  main  outbreak  areas

were  examined,  As the observed  direction of  wind  was  possibly influenced by the

local topography  and  somewhat  diflt]rs from the  main  wind  direction, the  southerLy

and  westerly  winds  as  well  as  the southwesterly  ones  should  be taken  into account.
Fig. I illustrates the  number  of  statiens  which  recorded  the  southerly,  southwesterly

and  westerly  winds  and  wind  speeds  exceeding  5m  per sec.  From  Fig, 1 it appears

likely that  the moths  invaded  between  the  25th and  26th of  May  in 1971 and  the  17th

and  18th of  May  in 1972, because the strong  wind  from the  right  direction prevailed
over  both Akita and  Aomori  Prefectures during these perieds, Although  similar  wind

conditions  were  observed  on  the  31st May,  1972,  this date was  too  late for the  evoca-

tion  of  outbreaks  in this year (see Tabie 2), The  frequency distribution of  wind
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 Fig. 2, Frequency  distribution in pcrcentage of  wind  directions recorded  at

9 a,  rn, during the  suspected  periods of  moth  invasion  at  58 meteorelogical

stations  in Akita and  Aomori  Prefectures.

directions during the suspected  periods of  moth  invasion clearly  demonstrates a  marked

dominance of  the southwesterly  wind  (Fig. 2). In both years the  strong  southwesterly

wind  fo11owed soon  after  the pqssage ofS  an  atomospheric  depression northwards  along

the northwestern  coast  of  the  Tohoku  district. In 1972, however,  a  high wind  speed

was  recorded  mere  frequently in Akita Prefecture on  the  17th, and  then  in Aomori

Prefecture on  the  18th of  May  (see Fig, 1) due to a  localized and  slower  passage of  the
depression.

    In general, the  process of  moth  migratien  can  be divided into `ascending',
 

ttrans-

migrating'  and  
`descending'

 phases. With  regard  to an  invasion into a  locality, the
Iatter two  may  be important. In the  cases  under  consideration  in the present dis-
cussion,  the 

`transmigration'

 phase ceuld  be explained  by the wind  analysis  shown

above,  but the  larval eutbreak  can  not  be evoked  unless  the final `descending'
 phase

is achieved.  In this connection,  LiN  (1963) reported  that  the Ianding of  the  migrating

oriental  armyworm  moth  was  observed  most  frequently in the cyclonic  centre,  the  cold

front area,  and  the  thunder-storm,  In 1971 and  1972, the  cyclonic  centres  under

discussion passed close  by the  outbreak  area.  Furthermore,  the depression in 1971 was

fbllowed by a  prominent cold  front, which  moved  eastwards  through  the  Tohoku  dis-
trict at  dawn  of  25th May.  These facts suggest  that  the  weather  conditions  at  this

time  were  favorable for the  moth  Ianding. According  to the weather  maps  of  1972,

no  frontal system  developed in association  with  thedescribed  depression. During  the
estimated  invasion peried, however, the  air  temperature  in the  Tohoku  district was

very  low, the  minienum  temperature  at  sea  level being estimated  at  about  IOOC on
17th and  about  5eC  on  18th May.  Under  this condition,  the moths  would  have
inevitably flown at  a  low  level. A  similar  case  was  reported  for spedePtera exigua

HtiBNER  (HuRsT, 1965; FRENcH,  1968). It seems  possible that  in 1972 the  moth

landing was  favoured  by  this  cold  weather.

Local distribution of outbreaks
    If a  strong  wind  of  particular direction caused  the mass  immigration  of  the  moth

as  supposed  above,  locar outbreaks  might  be expected  to occur  along  the pathway of

the local wind  prevailing during the  time  of  invasion. Fig. 3 shows  the  distribution of

outbreaks  and  the  migrating  routes  of  moth  swarms  inferred frorn the  local wind

directions, In 1971 (Fig, 3a),a  remarkable  concentration  of  outbreaks  was  found  in
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 Fig. 3. Distribution maps  ofthe  oriental  armyworm  outbreak  in car]ysummer  of  1971 and  1972,

Cross-hatched, more  than  800 m  above  sea  level ; hatched, from  300 to 800 m  above  sea  level.

the  low]ands  along  the  Yoneshiro  River, especially  in the Takanosu basin, Also, there
were  several  outbreaks  in the  Nanbu  province of  Aomori  Prefecture northeast  to the
                            s

Raiman  pass, around  which  the Ou  Mountains are  of  low elevation  (abeut 600  m

above  sea  level).

    The  above-mentioned  facts might  be explained  in the  fo11owing manner.  When
the southwesterly  wind  blew down  into the lowlands along  the Yoneshiro River across

the southern  hills, some  crowds  ef  moths  carried  by  the wind  were  landed, but others
were  blewn further to the east  along  the  river  course,  and  a  few of  thcm  crossed  ever
    Athe

 Ou  Mountain  chain  through  the  Raiman  pass. The  local topography  probably
caused  simi]ar  turn-off  of  the  moth  swarms  in the  vicinity  of  Yokote, but in this case

invasion to the eastern  plain was  prevented by the  higher elevation  of  the  mountains

(more than  800 m  above  sea  Ievel>. Ifso, the upper  limit of  moth  fiight in this  time

would  ]ie between 600 and  800m  above  sea  level. Although the  meteorological

records  in the  Shonai province of  Yamagata  Prefecture shows  that  a  strong  south-

westerly  wind  covered  this area  on  the  25th and  26th ofMay  in I97i, there  was  only

one  outbreak  site  in that  year. This might  be attributable  to the  fact that  the  cyclonic
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centre  approached  the  coast  farther to the  north,

    The  local distribution of  outbreaks  in 1972 (Fig. 3b) was  somewhat  diflbrent from
that  in l971 since  there  were  fewer outbreaks  and  an  absence  of  outbreaks  to the east
      A

of  the  Ou  Mountains  in the  Nanbu  province ef  Aomori  Prefecture and  in the inland
area  of  Akita Prefecture. Although  the  causes  of  these  diflbrences are  unknown,  it is

noted  thatin  1972 the  depressien concerned  was  of  smaller  scale  and  the field tem-

perature in and  just after  the possible immigration  period was  much  lower (see Table

2). It might  be possible 
'that

 these conditions  had sorne  influence on  the  number  of

moth  immigrants carried  by  the  wind  or  on  the  survival  of  their progenies particularly
in the  cooler  inland areas.  Another  characteristic  feature in 1972 was  the  occurrence

of  a  few outbreaks  in the Shinio basin, YaMagata  Prefecture, where  no  strong  wind

was  recorded  during the  critical  period of  moth  invasion. These  outbreaks  can  also  be

explained  by  the  topographic  eflbct:  a  few crowds  of  the moth  may  have  travelied  on  the

southwesterly  wind  across  the  Shonai plain to the narrow  valley  along  the Mogami

River, and  they then reached  the Shiajo basin by  flying through  the valley,  even  though

there  was  no  strong  wind  in the basin.

Possible source  qf immigrants

    Although  the  evidence  must  be considered  only  circumstantial,  it seems  likely
that  the  moth  invasions dealt with  in this study  were  associated  with  the  passage of

depressions through  ,the Japan Sea. Approximate  routes  of  the depressions are  given
in Fig. 4. From  the  figure the fo11owing interesting points arise:  it is certain  that

                  
                  

 Fig. 4. Approximate  routes  of  the depressions speculated  to carry  swarms

of  the  oriental  armyworrn  in May  of  1971 and  1972. Solid and  broken

curves,  routes  of  the  depressions in 197] and  1972, rcspectively;  circles,  positiens

of  cyclenic  centre  at  9 a. m.  with  dates at  thc  starting  points; T,  Tohoku  district

<the main  outbreak  area  being shaded);  J, Japan Sea; Y, Yellow Sea; a, Chili
Gulf; cross-hatched  spacc,  a  possible source  of  the  moth  immigrants; widc  arrow,

a  customary  course  of  northward  migration  of  thc  moth  in late spring.
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 (1) 
the

 
depressions

 were  foIIowed by the  strong  southwesterly  wind  around  the cyclonic

 
centre

 en  their southeastern  flank, which  blew in from the Japan Sea to the                                                                    outbreak
arep

 (shaded part in Fig. 4) ; (2) the  depressions came  from the  Chili GulfiYellow Sea
region

 
known

 to be a  customary  passage for the  northward  migration  of  the oriental
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 passage of  depressions through  a  similar  trajectory  in the  late spring  would  not

necessarily  cause  a  large-scale invasion of  the  armyworm  moth  into the  Tohoku  district.
In

 
China,

 there  has been considerable  annual  fluctuation of  the  armyworm  abundance
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