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Effects of  Aggregation on  the Survival and  Development

   on  Different Host P]ants in a  Papilionid Butterfly,

              Luehdodia 1mponica LEEcH

Kazuma  MATsuMoToL}

Laboratory of  Forest Zeotogy, Facutty of Agriculture,

           Univer$ity of  Tekyo,

        Bunkyo-ku,  Tokyo,  lt3 Japan

 Abstract Effects of  aggregation  on  the  survival  and  development  in a  papilioid
butterfly, L"ehtlot:t7a japoniea, were  tested  by rearing  individuats in the  laboratory

from  egg  to adult  stage  in varying  group sizes on  3 different host plants. Surviya]
rate  and  developmentai  rate  were  enhanced  by larval aggregation  on  each  host plant.
Aggregation  also  synchronized  larval deveLopment.  The  magnitude  oftheseeffects

varied  with  host plant species  supplied  and  probabty  depended  on  the  different

suitability  of  the  plants. Effects were  most  pronounced  when  the larvae were  fed
on  Asarunt eanlescens,  but less so  when  Heterotropa takaoi  was  used,

                           Introduction

   Many  insects lay eggs  in clusters  and  the newly  hatched larvae usually  form  ag-

gregations, Breeding experiments  in the laboratory have thus far generally indicated
that the benefits of  aggregation  are  enhanced  survivorship  and  inc[eased development,

Larvae reared  in large greups  usually  fare better than  those  maintained  in small

groups  or  in isolation (see MoRiMoTo,  1972, 1979; IwAo, 1968, for reviews),  In

some  studied  species  these  beneficial effects  are pronounced when  larvae are  supplied

less suitable  food plant (IwAo, 1959; MizuTA, 1977).

   The airn  of  the present study  is to test the effects of  aggregation  en  the larval

survival  and  development in a papilionid butterfiy, Luehdos;fiaJ'aponica, on  different
host plants. L. y'aponica is univoltine,  emerging  in spring  and  laying eggs  in clusters

of  1 te over  20 (averaging around  10> (FuJisAwA et  aL,  1964; IsH[DA, 1982; IT6

et  al,, 1982) on  the fresh grewth  of  the  laryal host plant, which  may  be any  of  a num-

ber of  species  of  wild  gingers, . The  larvae which  hatch from one  egg  cluster ag-

gregate on  the  underside  of  the leag and  feed and  rest  synchronousty  until  they

have  entirely  consume  the hest plant leaves, which  usualEy  happens during the  3rd

instar. At  this stage  individuals disperse in search  of  new  plants, and  the  original

group  breaks up,  Fresh  plants are  colonized  by small  groups or  individuals.

Plants colonized  by severa.1.larvae  are  eaten  rapidly  and  further migration  occurs,

hence 5th instar la[vae are-aimost  always  solitary.

 1) Present address:  Tama  Forest Science  Garden, Forestry and  Forest Research Insti-
tute, Todori-ehb,  Hachi6ji, Tokye, 193 Japan,
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Materials and  Methods

    To  test the efiects of  aggregation  and  host plant, I reared  larvae in different

group sizes  on  different host plants. Laboratory stock  was  obtained  from the fie]d
by collecting  L. y'oponica eggs  laid on  lktet'otropa takaot, growing in a  subu[b  of

 Kanazawa  City, Ishikawa  Prefecture. The  hatchlings were  provided with  fresh
Ieaves ofone  of  the following 3 species  ofwild  gingers: Asarum caulescens  (hence-
forth abbreviated  as  Ac) from a  subu[b  of  Kanazawa  (a stock  collected  and  cultivat-

ed  by Dr. H, KIMuRA  in the Herbal  Garden  of  Kanazawa  University), H.  nipponica

var. natacfera  (Hn) from  Kornatsu  City and  Yamanaka  Town, and  H, takaoi (Ht)
from Kanazawa  City,

    Ac, a  deciduous perennial herb whose  leaves are  thin  and  relatively hairy, is
known  to me  a  Iarva[ host plant of  L.J'aponica at  only  t locality in Kanazawa,  and
it is very  sporadicalEy  a  host plant in the  other  districts as  well, despite its wide  dis-
tmbution  over  the central  and  western  Japan (HiuRA, l978>, It is reported  that L.
japonica larvae fed on  this p[ant have lower suryival  and  developmental rates  than
those fed on  another  wild  ginger, Heterotropa btumei (KiTAMuRA, i969). The
Heterotropa  species  are  evergreen  perennials, and  Hn  has thicker  and  harder leaves
than  Ht. Hn  is endemic  to the southern  part of  Ishikawa Prefecture and  northern

Fukui  Prefecture and  a  common  host plant of  the butterfly in these  regions,  but it
does not  occur  in Kanazawa  where  the eggs  for the  experiment  were  cellected.  Ht
.ts widely  distributed in the eentral  part of  Honshu  and  the cornmonest  host plant of
the butterfly in Ishikawa  Prefbcture, as  well  as  in many  other  localities. I chese
these  3 plants expecting  more  pronounced effects  of  aggregation  when  Iarvae were
fed on  Ac  (may be less suitable  as  suggested  by KiTAMuRA, 1967) or  Hn  (tough-
leaved)  than  when  Ht  was  used  as  fbod.

    In 1979 and  1980, experiments  were  perforrnecl as  fo]lows: Hatching ]a[vae
were  divided inte 7 categories,  classified  by group size (1, 2, or  10 individual(s) per
group)  and  host plant (one ofthe  3 species  of  wild  gingers above).  Between 2 and
I4 replicates of  eaeh  group  sizelhost  plant category  were  established.  Data (Table
1) are  designated by host plant; thus series  A  included all group  sizes  on  Ac, series
N  on  Hn, and  series  T  on  Ht, respectively. The  eflbcts  of  group size and  host plant
on  survivorship  and  development were  compared,  Groups cernprised  initially 1,
2 and  IO eggs, respectiyely,  and  replications  of eaeh  group class  were  offered  leaves
ofone  ofthe  above  3 host plants. Singte individuals (group size  1) or  greups of2
individuals were  maintained  in cylindrical  glass containers  (7,5 cm  in diameter and
8.0cm in height). Similar containers  were  used  to rear  groups of 10 individuaEs
until  they  reached  the 3rd instar, after  whjch  they were  placed in a  larger container
21,Ocrn in diameter and  5.0cm  in height) to avoid  overcrowding.  To  keep the
humidity high a  piece of  moistened  filter paper was  placed at  the  bottom of  each

container.  The  cultures  were  kept in a  thermostatic  chamber  set at  24.5±. IeC in
1979, but the temperature  fluctuated irregularly with  a  range  of  ± 30C in 1980 due
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Tub!e 1, PecDentage of  survivors  at  the lst moult,  pupation  and  emergence  to adults

  (in terms of  initial number  of  eggs)  for Lttehclocfia J'apenica reared  in groups  of

       1, 2 and  10 indiyiduals on  3 different wild  gingers in 1979 and  1980,

Series Food  plant
          No.  ofGroupsize
         replications

%  Suryivors at

lstm,oult pupation  emergence

A

N

T

Asar"m  cattfeseens

Hleterotropa nippenica

 var.  tTatadera

Heterotropa takaoi

12IO1210l2101484982148464.287.5100.0,1OO.O

 87.5100.0

 92,9100.0100.0

64.287,S100,O88,9

 87.Sleo,o

 92.91OO.O100.0

57.187r5IOO,O

 77,8

 81.3100,O

 92,9100.0100.0

to equipment  malfunction.  The  number  of  surviving  laryae in each.instar  was

recorded  eyery  day untit  al[ larvae had pupated  or  died. Any  dead tarvae were

remoyed  as  soon  as they were  found, In 1979 pupae  were  weighed  about  2 weeks

after  forrnation.

Results

1. Effl?cts on  the survival

   Table 1 shows  the percentage of  the initia[ hatchlings surviving  to the 2nd  instar

(at the lst moutt),  pupation and  emergence.  In all series  survivorship  from hatch-

ing to emergence  was  lowest in the isolated larvae, and  in series  A  and  N  the sur-

vivorship  oflarvae  reared  in greups of2  indiViduals was  also  reduced,  By contrast,

no  deaths occurred  in larvae reared  in groups of  10 on  any  host plant or  these in

groups of  2 in series  T.

    Most  larval death oocurred  in the lst instar may  be responsible  for an  inability

on  the part of the hatchlings to begln feeding. This may  correspond  to 
`testablish-

ment  rnortality"  defined by GHENT  (t960). Table 2 details the establishment  rate  .

of  the hatchlings. Individuals which  succeeded  in becoming established  included

both those  which  began feeding immediately upon  hatching and  those which  fed

only  after  a  delay of  more  than 1 day (shorter delays could  not  be detected as  cultures

were  examined  only  ence  per day). Delayed  feeding was  obseryed  only  for isolated

larvae and  those reared  in groups of  2. Hatchlings whiclt  failed to establish  them-

selves included those which  starved  to death without  feeding and  those which  died

after  minimal  feeding which  left minute  feeding scar(s) along  the .leaf edge.

    Totalty 4 individuals died after the lst moult,  Of these, 1 isolated larva in

series  N  started  feeding bormally  but showed  delayed devetopment after  the 2nd
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Table 3. Mean  duratlon afthe  ]arvat stage  in L!tehdonfia japenica reared  in

 diffbrent group  sizes  (1, 2 and  10 individuals) en  3 different wild  gingers

        under  a  constant  air  ternperaturc of  24.50C  in l979,

Series Food  plant
          No. of                  Duration of  larval stage  in days
GrOuPSiZe  rep]ications  (Mean±standarderrors)

A

N

T

Asartim cattlescens

Heteretropa nipponica

 var,  natadera

Hleterotrepa takaei

12.121012io 528621051 24.6±O.9
22.S ± O.3

21.1±q.S
20.3±O.3
20.2±O.2

19.4±e.3
19.3± O.3

18.S±O.2

moult  and  died in the  5th instar. One  individuat in isolation in series  A, another

in isolation in series  N  and  one  from a  group  of  2 individuals in series  N  died in the

pupal stage.  The  latter two  (both males)  began feeding after  a  delay and  the pupae

were  underweight  (320,4mg and  370.4 mg;  male  pupae usually  exceeded  400mg),

This presumably  corresponds  to "maintenance
 rnortalityi'  defined by GHENT  (1960),

Pupae also  tended to be light in isoiation in series A  and  the lowest one  (male) was

only  284.0 mg.

   The survivorship  advantage  of  larval aggregation  was  found  to be the general
trend  (Tables 1 and  2), but it was  less pronounced  in larvae feeding on  Ht than  in

those feeding on  Hn  er  Ac.

2. ELff}?cts on  devetopment

   Table 3 shows  the  mean  durations of  the larval stages  and  their variation.

Since development  may  be affected  considerably  by a  relatively  small  change  in the

temperature  (CHApMAN, 1971), the  results obtained  in 198e are  notincludedinthe

tabEe because of  the irregular ternperature fiuctuations noted  above.  The  mean

values  suggest  that  larval aggergation  tend to increase developmental rate  and  to

synchronize  development. However, these effect were  not  prominent and,  as  with

survivorship,  less pronounced  in seties T  than  in series  A  or  series  N. In all available

comparisons  between the same  group  sizes on  diffbrent host plants, mean  larval

duratiens were  in the order  series A>series N>series T.

Discussion

   The above  results  suggest  that aggregation  of  L. Japonica larvae, at  least in the

early  instars, enhanced  the survival  and  developmental rates  when  they were  fed

on  Ac  or  Hn, Young  larvae from the  same  egg  batch norrnally  start  feeding within

a  few hours of  hatching; as  soon  as  an  individual begins to  feed, all the other  mem-

bers of  the group  fbllow suit (pers, obs,; HiRuKAwA,  I981), It has been suggested
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(NAK,tMuRA, ]977) that delayed feeding among  individuals in small  groups  or in
isolation

 may  be due  to the lower probabiljty of a  given larva commencing  feeding,
However,

 it seems  Iike]y that the presence of  other  la[vae also  stimulates  feeding.
Isolated

 individuals presumably  had diMculty in continuing  feeding, possib]y be-
cause  they  were  weakened  after  the delay and  also because they were  forced to feed
more

 gn the  external  leaf tissue which  is tough (especially in Hn) and  haired (espe-
cial[y  in       Ac).

    The  effects ofaggregation  were  less pronounced when  Iarvae were  fed Ht. On
the basis of  both survivorship  and  development fbund in larvae bred in the same
group  sizes on  different host plants, it may  be concluded  that, of  the 3 wild  gingers
used  in this study,  Ht ls the most  suitable  host plant, while  Hn  is less suitable  and  Ae
stM

 .less 
so. VaTying  suitabUity  en  a  similar  basis of  several  different wild  ginger

spectes  for L. iaponica la[vae has been previously reported  (e.g., KiTAMuRA, l969;
IT6

 et aL, (975; NAKAN[sHi,  1977). Increases in suryivorship  and  developmental
rate

 oflarger  groups was  also observed  in the breeding experjments  of  the armyworm,
Lettcania

 imipuncta  (IwAo, 1959) and  the  oriental  tussock moth,  Euproctis fuva
(MizuTA, 1977). As in this study.  eflects  were  more  pronounced  when  larvae were
fed on  less suitable  food plant species,

    By contrast,  OsADA  (1978) and  IsHiDA and  KANo  (1980) detected no  significant

differences in the survival  or  developmental rates  between the imrnatures of  L.
J'aponica reared  in difTerent greup sizes,  including isolated larvae. Their results  are
similar  to those of series T (the experiments  with  Ht) in this study.  Failure to detect
positive aggregation  efucts  by OsADA  (1978) and  IsHiDA and  KANo's {1980) results
could
     be due to the use  of  high quality host plant species. When  OsADA  (l983) used

old  (overwintered) leaves which  the larvae never  eat  in nature,  the survival  rates  of
larvae ln iso[ation and  small  groups  were  Iower than those  of larvae in larger groups,
results  comparable  to  those  in the experiments  with  Ac  and  Hn,

    Mild laboratory conditions  could  also mask  the effects of  agg[egation,  In
fact IsHJDA (1981) re-examined  the effects  of  aggregation  in L. J'aponica by rearing
Iarvae in various  group  sizes  at a stressfu1  low temperature  (ISOC) and  found that
the survival  rate  was  only  slightly  lower in smaller  groups than in larger ones. AI-
though IsHiDA ([98t) emphasized  that the differences between the groups were  too
small  to draw  clear  concludions,  it should  be noted  that  the thermal stress  in the
fieid is much  greater than in the taboratory, hence differences in the survivorship
and

 developmental rates  between dlfferent group sizes  may  be more  pronounced.
OsADA

 (1983) found that the  survival  of  L. 1'aponica larvae in the fie]d was  higher in
groups than  in isolation, and  it was  higher in larger groups than in smaller  ones.
The  aggregation  may  well  be an  important adaptation  for increasing survival  of

indivivuals under  natural  conditions.
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