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 Abstract The characteristic  ofusing  underground  spaces  through nearly  all

stages  in Slrhrankia costaestrigalis  (STEpHENs) is reported  for the first time,

This species  is recorded  as  a pest of  urcia foba L. (Leguminosae) which  is
cultivated  on  3-10  cm  diameter blocks of  grey lowland soil in Tanegashima Is.,
Japan. The biology, immature stages  and  adult  are  described,

 Key  words:  Noctuidae; Sehrankia costaestrigalis;  biology; immature  stages;

vacia faba; underground  spaces.

                          Introduction

    The  family Noctuidae is the largest group in Lepidoptera and  approximate-

ly 25,OOO  species  is known  from  the world  at  present. The  noctuid.species

utilize the undergound  spaces  in various  ways.  For example,  many  nQctuid

larvae pupate in the soil. Mature  cutworrns  and  armyworms  hide in the soil
during the  day and  inflict damage on  vegetables  and  crops  during the night.
However,  as  was  mentioned  by  AoKi  (1973), in Lepidoptera such  species

knewn as  soil animals  are  rare  because the adults  are  usually  terrestrial and

most  of  the larvae feed on  living leaves,

    The  noctuid  adults  alse  use  underground  spaces  in some  species,  KuRATA

(1990) reported  an  interesting habits of  Goniocraspidum ptyeri LEEcH,  ln
Nagano  City of  Japan, there  is a  long tunnel  called  

"Zouzan-chikagou"
 which

was  made  during the World  War  II. The  adults  of  G. pT:yeri emerge  at  the

beginning of  summer  and  go into the tunnel soon,  then  aestivate  and  hibernate

there sometimes  gregariously. - And  they come  out  from the tunnel next  spring,

A  similar  phenomenon  can  be also  observed  in the Australian bogong  moth,

   l) Present address:  National Grassland Research  Institute, Nishinasuno, Tochigi, 329-27
Japan.
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Figs, 1-2. Adults of  Slrhrankia costaestrigalis  (STEpHENs). 1, Resting posture ef

   male;  2, ditto, femaie.
Fig. 3, Yicia foba L. damaged  by Schrankia costaestrigalis (STEpHENs),
Figs. 4-7. Immature stages  of  Sbhrankia costaestrigalis (STEpHENs). 

-4,
 Last instar

   larva; 5, first instar larvae on  the root  of  Glycine max  MERR,; 6, eggs  on  the root  of

   Yicia 
.flaba

 L.; 7, cocoon  on  the root  of Vlcia .fbba L,
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 8-13. Last instar larva of  Sthrankia costaestrigalis  (STEpllENs)
lateral view;  9, head in frontal view;  10, head  in lateral view;  11
v{ew;  12, labrum in ventral  view;  13, right  mandible  in inner view.
IO. O.5 mm;  11--13. 0.1 mrn,

, s,

 labrum,Scales:
 8,

Larva  in

in dorsal
1 mm;  9,

'i

'i

II
 1{I'l

 1
 s
 
'/･I･

 li' ･x
 ･1･
 il
 
.{

 ls
 
･1

 ilis

 'i

 
'/l

 ls
 ,l

 fl

 
'ii

 1:

 .t/
 ･,li

 II .n''i

 '

 1･
 {

 tJ,gi

 l
 ･s -

i
 
'f'i

 'i

 ･,l,
 
･I1･

 il

 'f .-
 11･l

 ll

 ll

 
il･

 i'/
 li''is

 
'i

 {
 j 1

 a
 
's

 11 'j
 
'i

 ]

 
.1･l'

 

'j･;

 
･,1i

 

'li

 
･/

.
 /1･1/1/･1



The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  of  Japan

544 Shin-iehi YosHiMATsu  and  Toshihiko NIsHieKA

Agrotis injusa (BoisDvvAL). A. injusa is a multivoltine  species  and  
the

 
sprilg

generation migrate  to the mountains,  where  they aestivate  gregarieusly ln
crevices

 and  small  caves  in certain  rock  outcrops  at  or  near  the mountain

summits  <CoMMoN, 1952&19S4).  .

    In the abovementioned  moths,  they use  underground  spaces  only  m  a  part

of  their life. In contrast,  a small  number  of  noctuid  species  are  known  to be

utilizing  underground  spaces  during all their life, For example,  Hawaiian

Sbhrankia sp. is reported  to be living in a  laba tube during all stages  and  never

go out  from the underground  spaces,  And  the larvae feed on  living tree roots

in the dark zone  of  laba tube. This species  adapts  itself so well  to the

underground  spaces  of laba tube that the female became  fiightless and  the male

became  weak  fliers as  a resuit of  morphological  adaptation  to cavernicoles

 (HowARTH, 1973 &  1983).

    Sbhrankia costaestrigalis  (STEpHENs, 1834) is a  small  noctuid  moth  (Figs.

 1 &  2), which  is distributed from Europe, Asia to Australia (SuGi, 
1982).

And  the life history is said  to be little known  by HEATH  &  EMMET  (1983),

 Fortunately vve  could  know  an  interesting biology of  this species  
in

 
Tanega-

 shima  Is., Japan. In this paper, the newly  discovered characteristic  of  Sthra-

 nkia  costaestrigalis, that of  utilization  of  underground  spaces,  is reported  with

 descriptions of  the immature stages,  adult  and  biology.

              Descriptions of  immature  stages  and  adult

   Egg (Fig, 6). Diameter: O,35'-O.39mm. Av. O,37mm, (30 specimens

                                                     to ocherous
examined).  Oval and  yellowish white.  The  colour  

changes

brown before hatch,

   Flrst instar larva (Fig, 5>. Body  length:2mm.  (16 specimens  examined),

Head  fuscous brown, Body  red.  Legs absent  on  third and  fburth abdominal

segments.  Complete legs present on  fifth and  sixth  abdominal  segmentsJ

    Last instar larva <Figs, 4, 8un15), Body  length: 15mm.  <5 specimens

examined).  Head  and  body fuscous brown. Mandible with  seven  
outer

teeth. Legs absent  on  third  and  fourth abdominal  segments.  Complete legs

on  fifth and  sixth  abdominal  segments.  Crochets of  abdominal  ;egs arranged

inlateroseriesanduniordinal, Protheracicshieldweakandobscure. Dland

D2  on  prothorax short. SDI  on  meso-  and  meta-thorax  with  a  small  pinac-

ulum  beneath. SV  on  abdomen  1, 3-6 trisetose; SV on  abdomen  2 bisetose; SV

on  abdomen  7-9 unisetose.  Anal shield weak  and  obscure.

    Pupa (Figs. 16-18), Body iength: 12mm.  (4 specimens  examineg),  
In

cocoon  (Fig, 7), Tenth abdominai  segment  with  many  small  
serrations

 
on

distal end  and  with  three pairs of  hairs, of  which  central  one  shortest  and

straight.
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Sbhrankia  costaestrigal

e'/.yN/,'･tS...,･i.N

o.Ar"f'..."abt.'

×
:x-thx/)f

s5x.H.vN'f/f/

.- ' p

e7'pf7f

Tl Tll TM

is Utilizing Underground Spaces

x.

x -
vtNx 1xte-

N}X, lo'x

rolioA/..b･- o.4//-' foeA-..e.t/

10A/'t.tt.--i.t.

fs/t!-/p f/"f7ep/-/'
..n..P-.b...-O

A]

  x
  M

 X.
 

"Xe

    -O

   .-/-

   f-rf

  /f

 p

                               A8
    AS  A6  A7

 14-15, Last instar larva of  Sbhvankia
map;  15, tenth  abdominal  segment  in dorsal

A2
' 1AxlN1

th e

x x N }x

le
tso ho x

f / ft-

p'/t.t.'fi

/m!
f"'f"//

A-tft..s/ f'ifP./-./A9

 16-18, Male  pupa
17, ventral  view;  18,

TI

l

14

costaestrigalis

view.

 of  Sbhrank

ventral  view

A3 A4

    ･.t-

   'Ji.Jl-'

15

545

1.

''v･

V,

(STEPI･IENS),-･14, Setal

18

ljS

g

I
 ll,/t･1･11,2./1./!.../.

 
.1{iii/..

 ../11i･･11i.･

 g ''i
 'i ''i
 '''iiiiit

 ttt/:1
 ll,･I,

lii'

 lf'
 l
 iiiI

 ,I'i

 tt

 il

 
'l'

 li.il･{･

 i
 l
 .]
 ii

 
･l

 ,･i
 .l
 /ll //

'i11･･ 1,1../tl.

･,lli･ll'ii1iiilllll,I.E/･1･･111

ia costaestrigalis  (Si'EpHENs).--- 16,
of  caudal  abdominal  segments.

Lateral view;

.t

 li.t
 ./



The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  of  Japan

546 Shin-ichi YosHIMATsu  and  Toshihiko NIsHIoKA

   Adult (Figs. 1-2), Length of  fbrewing:7mm, (18 specimens  examined).

Forewing ofmale  with  a distinct white  stria from  termen,  Forewing of  
female

uniforrnly  fuscous brown and  without  a  white  stria.

Biology

L  Damages  toplants

    The severe  damage  to broad bean, Vicia foba L. by Schrankia costaestrigalis

was  recognized  in December, 1992 for the first time by the second  author.

However, the damaged areas  were  restricted  to two  districts of  sogthern  part of

Tanegashima Is. where  plants en  149 a were  damaged, Accordillg to the

                                                           1990.farmers of  these areas, a  similar  phenomenon  has been observed                                                      from

Broad bean cultivation  with  vinyl-mulching  was  done from the end  of  Septem-

ber to March  or  April of  next  year. They rotate  crops,  i.e., after the broad

bean, rice  is cultivated  from April to August. The larvae feed on  the roet  and

root  nodule  of  Vicia faba L, and  sometimes  feed on  the stems  near  the ground

surface.  The  plants will  d}e and  fa11 down  when  the damage  by the larvae was

severe  (Fig, 3). Such a  damage is only  seen  in the plants which  were  
cultivated

Table 1. Number  of each  stage  ofSchrankia  costaestrigalis  (SrEpHENs) collected

   per five roots  of  Vicia fliba L. and  their surrounding  soili)  and  the degree

   of  damagecl  roots  from  October, 1993 te April, 1994]} in Tanegashima  
Is.

Date  ofsurvey

Number  of larvae

Early Middle Mature

instar instar Iaryae

                    Degree  of  damagedNumber  Number
               Total
                     roots  (Percentage  of  of

 pupae  aduits  
nUMber

 of  cut,  main  roots)

'93.
 10/ 1

   10/28
   11/ 9
   IY19

   11130

   12115
   12f27
,94,

 1/12

    1/24

   2f18

   2128
    3!l6
   4f 1

 o

 o

 2
 o
 2
 6

 2

 o2920

 515782

oo1o13362414123248oooe2s26263410333Sooooooo1146131525oooooooe467102 o
 o
 3
 1

 514

 7

 13978047247192

o (o)o
 (o)l
 (O)l
 (O>I
 (O)I
 (O)I
 (O)I--II

 ( 1.8)

I-V  (23,6)
I-IV  (12.1)
ll--V (32.l)
llAvV (40.0)
IIe-V (37.8)

Degree of  damaged reots,  O: Nothing, I: Slight, II: Small, III: Middle, IV: Big, V:

 Serious.
i) Concerning  the amount  of  surrounding  soil  and  method  of  servey,  

see
 
t.ext.

2) For  cultivated  period of Vicia .faba  L,, see text,
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 19-20, Survey of  damage and  illustration of  damaged  roots  and  non-damaged  roots

ef  Yicia foba L. by Sthrankia eostaestrigalis  (STEpHENs) frem October, 1993 to April,
l994. 19, Survey of  dafnage using  water  and  pan; 20, left: non-damaged  roots;

right  three: damaged  roots.

en  3LIOcm  diameter block of  grey lowland soil and  never  seen  in those

cultivated  on  sandy  field,

    In next  season,  i.e., from the autumn  of  1993 to the spring  of  1994, as  the

second  author  recommended  the farmeTs not  to  cultivae  broad beans on  3-10
cm  diameter blocks of  grey lowland soil, almost  any  damages  were  not  recogni-

zed  except  fbr the damage  of4a  examination  field. The degree of  damaged
roots  of  broad bean and  the  number  of  each  stage  of  S. costaestrigalis  surround-

ing the roots  were  surveyed  in this examination  field from 1 October, 1993 to 1
April, 1994 (see Table 1). A  root  efbroad  bean, with  approximately  10l soil
at  the  early  plaRts ef  the growth and  later with  2CF30l  soil, was  dug and  the
number  of  each  stage  of  S  costaestrigalis and  that of  damaged  and  non-

damaged  main  roots  were  counted  after  cleaning  the soil  by water  (Fig. 19).
The  broad beans  were  transplanted on  28 September, 1993 and  stopped  cultiva-

tion on  8 April, 1994.

    As  illustrated in Fig. 20, in damaged  plants the  amount  of  roots  became
rather  smaller  than  that in non-damaged  plants, Usually one  plant of  broad
bean has 8-20 main  roots.  In severe  damaged broad bean, almost  all main

roots  under  5-15cm  from  the ground surface  were  cut  because of  the  larval

feeding, From  one  plant at most  96 individuals of  this insects, i.e., it involves
70 early  instar, 9 middle  instar and  l4 mature  larvae, 2 pupae and  1 adult,  were

collected.  Judging from the rearing  examination  in the  laboratory and  the

data in Table 1, at  least two or  three generations ofS  costaestrigalis  seem  to be

perfoymable on  broad bean during its cultivation  period.

sl'1/i11ili.l

 l･iilifil-ttl"ii,:,i,llg'i'iiltiil

 l[e'i'iIi'

i'
ll'lii

i
 1tll

 li,
 ,,,

2. Bionomics

    The  larvae live

between soil blocks,under
 O-15 cm  deep soil, moving  the underground  spaces

 It is easy  to rear  the larvae using  soy  bean sprouts  (Fig,
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5) and  the larval period takes twelve days under  200C-250C  by this method.

Besides this way,  it was  successful  to rear  this larvae by adzuki  bean  sprouts,

roots,  root  nodules,  leaves, stems,  pods and  immature seeds  of  broad bean,

Among  them,  the leaves of  broad bean led the fastest growth of  the larvae.

However,  it was  not  successfu1  to breed the larvae by perilla (Perilla frutescens
Britt), white  Dutch  clover  (T}tijblium repens  L,) and  artificial  diet for silkworm

(SILKMATE-II). Pupation takes place in a  silken  cocoon  mixed  with  plant

tissues or  small  soil blocks, attached  to the root  or  to the soil blocks (Fig. 7).

The pupal period under  150C takes nearly  ten days and  almost  seven  days under

250C.

    The  adults  are  usually  seen  te be walking  on  the underground  soil  blocks,

On  a  warm  day at the  beginning of  April, 1994, the moths  were  observed  to be

flying weakly  between flourishing broad beans, however, maximum  one  fiight

was  only  a  few meter.  It is not  observed  yet where  they copulate  in the field.

Using a laboratory dish (60 cm  in depth and  9 cm  in diameter), broad beans

were  cultivated  on  1-2 cm  diameter soil  blocks. When  several  pairs of  this

moths  were  released  in this laboratory dish, they copulate  and  later female

moths  began to deposit eggs  on  the roots  among  soil  blocks. In iaboratory

under  250C, females begin !aying eggs  after  a  few days from  the emergence  and

lay sometimes  more  than one  hundred eggs,  Hatching takes six days under

200C. The  first damage  to plants was  recognized  in the  field at  the end  of

October in 1992. Therefore it seems  that the female adults  ofS  costaestrigalis

fly to broad bean and  lay eggs  just after  the transplantation which  is usually

done at  the end  of  September.

Discussion

    In Europe this species  feed on  the leaves and  fiowers of  T7iymus serpyllum

(Labiatae), Calluna vuigaris  (Ericaceae), Melampyrum  spp.  (Scrophulariacea)
andso  on  (KoFMANN, lg93; BERGMANN,  1954 etc.). However, Viciafliba L.

is recerded  as  a  host plant efS  costaestrigalis  for the first time  in this paper.

Moreover  this is the first report  on  the utilizatien  of  underground  spaces  by S

costaestrigalis.

    As afbrementioned,  only  a  few noctuid  moths  are  known  to be utilizing

underground  spaees  through nearly  all stages. Although such  a characteristic

is rare  in the family Noctuidae, it is concentrated  on  the genus Sthrankia and

its relative. The  case  ef  Hawaiian  Schrankia sp. was  a}ready  mentioned.  In

additien,  the larvae and  cocoons  of  Protoschrankia ijimai SuGi were  discovered

on  the roots  of  trees penetrating through  the upper  surface  of  the tunnel in Mie

Prefecture, Japan. Although the detailed biology of  this species  has not  been

known, this species  seems  to be well  adapted  to the underground  dark place
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(SuGI, 1985). Protoschrankia was  established  by SuGI  (1979) and  considered
to be a  close  relative  ofSbhrankia.

    Judging from the fact that in the family Noctuidae the utilization  of
underground

 spaces  through  nearly  all stages  is concentrated  on  the genera
Sthrankia

 and  Protoschrankia, it is suggested  that the members  of  these twe
genera potentially 

haye
 such  a  characteristic.  The  adults  ofSL  costaestrigalis

are
 
seen

 from April to October in mainland  of  Japan (SuGi, 1982). The
damage

 to broad bean by S  costaestrigalis  in Tanegashima  Is., likely happened
to.occurr

 
because

 of  the unique  cuitivation  by mulching  and  the large blocks of
soils.
      As  the biology of  other  species  ofSthrankia  and  Protoschrankia have not
been known  well, it should  be carefuIIy  surveyed.  Enough  attention  should  be
paid  to their biology hereafter.

                        Aeknowledgements

    We  are  gratefu1 to Miss Isoko HATToRl  and  Dr. Osamu  SAi"ro of  the
National

 Institute of  Agro-Environmental Sciences, Tsukuba  for their critical
reading  through  the manuscript  of  this paper. We  thank  Dr.  Ichiro TANi-

xAMA of  the National IBstitute of  Agro-Environmental  Sciences, Tsukuba  fbr
identification  of  the soil  in Tanegashima Is.

                            References

AoKi,
 
J.,

 1973. Soil Zoology, An  introduction to classification  and  ecology  of  soil animals.

   81S pp. Hokuryukan, Tokyo. (In Japanese.)
BERGMANN,

 A,, 1954. Die Gross-Schmetterlinge Mitteldeutschlands. Band 412: 581-1060.
   Urania-Verlag Gmbh,  Jena.
COMiMnjtitXh

 
ii'vdFlu?u,

 l9:?'gsiM.lgsr23tiOn 
and

 
gregarious

 
aestivation

 
in
 
the
 bogong moth,  Agrotis

'

 (Le?iao?See'ra:ANSotgtdiid:fe)thXi2:OkOpgeYciaOifr'ehf:rgndgeittgOite"gehMaOv`ig'urAgE:rtiSng"ZfiS,"ra[iPoO.'S.D.'3
   aestlvatlen.            AustraL JL Zool., 2: 223-263.
HAwoRTH,  F. G., 1973. The cavernicolous  fauna of  Hawaiian Iaba tubes, 1, Introduction.
   Ilaeif lns,, 15i 139-151.
L-

 
-
 
l983.

 Ecology ofcaye  arthropods.  Ann. Rev. Entomot., 28: 365-389.
HEATH,  J. &  EMMET,  A. M., 1983. The  rnoths  and  butterfiies of  Great Britain and  Ireland, Vol.
   10, 459 pp, i3 pls., Harley  Books,  England.
HoFMANN,

 
E.,

 
1893,

 Die Raupen  der Gross-Schmetteringe Europas, 318 pp., SO pls. Verlag

   
der

 C, Hofimanh'schen  Verlagsbuchhandlung  (A, Bleil), Stuttgart,
INouE,

 
H.,

 
1979,

 Genera Sbhrankia HOBNER  and  Luceria WAiKER  from Japan  (Lepidoptera:
   Noctuidae). Zinea,                 Tokyo, lo: 299-3og.
KuRATA,

 
M,,

 
1990.

 Aestivating and  hibernating habits of  Goniocraspidum  pt:peri LEEcH  (Re-

   i.Op'::eOsfeM.)OthS 
in
 
thC

 
nOrtheM

 
PartOfthe

 
Japan

 
Alps

 
XII),

 
Yugato

 Niigata, 12o: s7--63. (In

{l/

Iil･'i･.l･l･ii･lii/l,

 I/･
 
･l･,lgll./[Iil/

ili'

l
 l
 t`il

 ;,ll

 iS･l'i･is.il

 'ji

 1j

 itit･l･ttl

/1



The Entomological Society of Japan

NII-Electronic Library Service

The 　Entomologioal 　Sooiety 　of 　Japan

550 　 　 　 Shin−i・hi　Y ・・田 M … u … dT ・・hihik° NIs田 QKA

、uG 、
，
、，，1979．・鯔 ch ・anki … w ・・n ・・，… hd ・・c・・P… n ・ ・・… n ・w ・p・des ・ 娵 脚 ・

　　
1°：2
耀

3’
。 。c，。、d 。，． 1。 、。 。U 。，・．、t・ al．，　M ・・k・・… p ・n ・… 9−・・・… 3・4−・… pl・ ・

’6
嫩1，．

K

郎飜藹 ｝。，＿ ch鵬 SuGI （・・p・d・P… a ・ N ・・・・・・・・・… m … 面

　　Oshi皿 a　Island．　Tinea，　Tokyo，
12：41−43、

　　　　　　　　　　　　　　（Recei・・d ・… b・・ II，1994・Accep・・d　F ・b ・u ・・y　6・
1995）

　　　　　　　　　　　　　　　　支部活動報告

東敲 灘 告 第 128酣 会が 艦 昆繭 支部と の 羅 呼 成 ・年 12 月 1° 日名齷

女子大学で 開催 さ れ ， 以下の 講演が あ っ た．

巌驪 錨 雛 噺 雛 驚 誘鯉難雛繼蒲
。 ゆ 鮴 離 蜂 3）米田酷 （三軌 ・ 生資）・ ・ マ ル ハ ナ バ チ 嘱 運艫 と燬 日

数と。 齢 4）森 勇
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