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A  Life Table of  the Ladybird Beetle Harmonia acyridis

  PALLAs (Coleoptera, Coccinellidae) in Relation to

               t,he Aphid Abundance
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    Abstract A  field study  was  performed  to construct  a  life table of  the ladybird

  beetle, HLirmonia aryridis  PALLAs, in relation  to seasonal  change  in the number  of

  the articheke  aphid,  thpitophorus elaeagni(del  GuERclo).  Sibling and  non-sibting

  cannibaLism  killed 31.16%  ef  all eggs.  Mortality of  fourth instar larvae (93.33%)
  was  higher than those of the other  stages  (<50.51 %), probably  due to food shortage

  caused  by the adult  ovjposition  timing synchronized  with  seasonal  change  in the

  aphid.  Egg canniba]ism  may  be advantageous  for cannibils  to escape  food lim-

, itaiton and  thus  impertant in the life h{story strategy  of  H.  aKyriUis.
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Introduction

   Predatory ladybird beetles have been studied  from the viewpoint  of  biological

control  ofinsect  pests (HAGEN, 1962; HoDEK,  1973) and  foraging behaviour (CuRio,
]976>. However, poputation field studies  on  predatory ladybird beetles and  their

prey have been few mainly  due to the  diMculty of  population estimation.  An  eX-

ceptien  is a  study  on  the monophagous  predatory coccinellid,  -A iolocaria hexaspitota,

and  its prey, the walnut  leaf beetle, Gastrollna tfepressa,  which  revealed  that temporal

and  spatial  distributions ofthe  coccinellid  and  lts prey overlapped  (MA'rsuRA, 1976).

However, the population characteristics  of  aphidophagous  ]adybird beetles are  stitL

unclear  in many  points. In aphidophagous  ladybird beetles, the evipasition  is

synchronjzed  with  aphid  abundance  (BANKs, 19S5; DixoN,  1970, 1971; WRATTEN,

1973; OsAwA,  l989), but the  prey abundance  is not  always  maintained  throughout

the larval stages. AdditionaEly, previous studies  have not. considered,  through

life table analysis,  the adaptive  significance  of  sibJing and  non-sibling  cannibalisrn,

which  occur  frequently (OsAwA, 1989), To  elueidate  the life history strategjes  af

the  ladybird beetle, a  field pop"lation should  be studied  in relation  to seasonal

change  in prey abundance.

   In this study,  a life table of  the aphidophagous  ladybird beetle, Hdrmonia
apcyridis  PALLAs, is analyzed  in [elatien  to the seasonat  change  in the number  of  the

artichoke  aphid,  Ctrpitophorus elaeagni  (del GuERcio), and  the  role  of  egg  canni-

balism in the life history strategy  of  H. ax.vridis is discussed.
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                         Materials ana  Metbods

    The  study  site was  the Botanical Garden, Kyoto  University (35002'N, 135e
47'W). An  artichoke,  C)irnara scolymus  (1,5 m  in height), was  examined  every  day
from 5 May  to 6 June in 1987, and  numbers  of eggs,  larvae ef  each  stages,  pupae,
and  new]y  emerged  adults  of  H. axyrldis  were  directly counted.  When  egg  batches
and  pupae were  newly  discovered, thejr locations were  individually marked  with
vjnyl  tape.  The  nutnber  of  prey aphid,  C. etaeagni,  on  the plant was  counted  at

l8 times during the study  period without  distinguishing adults  and  larvae.

    It is known  that egg  cannibalism  often  occurs  in coccinellids  (HoDEK, 1973),
Egg  cannjba]ism  can  be divided into two  types  through  the kin re]atedness  between
a  cannibal  and  a  victim:  sibling and  non-sibling  cannibalism  (OsAwA, 1989). Sib-
ling cannibalism  is that of  llewly-hatched  larvae feeding on  fertile and  infertile eggs  

'

in the  sarne  egg  batch (BRowN, 1972). While, non-sibling  cann'ibalisrn  is that of
youngeT  larvae derived fi;om an  egg  batch feeding on  eggs  in another  egg  batch
before the eggs  hatch (OsAwA, 1989). Also in H. aryridis, sibling  and  non-sibling

cannibatlsm  were  major  mortality  factors in egg  stage  (OsAwA, 1989). Because
newly-hatched  larvae stayed  near  the original  egg  batch for about  24 hours, canni-
baljsm occurring  within  24 hours after  hatching was  regarded  as  sibling  cannibalism.
When  an  unhatched  egg  batch was  cannibalized  by larvae of  another  batch (non-
sibling  cannibalism),  the number  of  eggs  consumed  by the cannibal  larvae were

recorded.

    To  construet  a  life table  of  H, axyridts,  the  method  of  KiR[TAN[ and  NAKAsuJi

(I967) was  used  to  estimate  the numbers  of  individuals at the beginning of  second
jnstar, third instar, and  fourth instar. Total numbers  were  determjned for the

stages;  egg, first instar larva, pupa,  and  new]y  emerged  adult  were  directly counted

in the  field census.

                               Results

    Figure1 shows  the seasonal  change  in the number  of  H. awyrt'dis in each

developmental stage. The number  of  first instar larvae peaked on  l.4 May,
second  instar Jarvae on  18 May, third instar laryae on  21 May,  and  fourth instar
larvae on  22 May, The  number  of  eggs  may  have peaked before 9 May.

    Table ] shows  a  ]ife table of  H.  a)g,ridis.  In the egg  stage, 13.91 %  were  ki]led
by non-sibling  cannibalism  and  17.25% by sibling cannibalism.  In Iarval stages,
mortality  was  the 

'hjghest
 for fourth instar larvae, Among  l3 pupae, 12 pupae

emerged  successfu11y  and  one  was  cannibalized.

    The  number  ofthe  prey aphids  decreased from 8 May  to 24 May,  and  thereafter
no  aphids  were  present (Fjg, 1). This suggests  that scarcity  of  prey  caused  the
high mortality  of  fourth instar larvae.
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Fjg. I, Seasonal changes  in number  of  the ladybird beette, H. axyridis,  and

   aphid,  C. elaeagtti,  on  the artichoke,

the  artichoke

Discussion

    Both  sibling  and  non-sibling  cannibatism  occurred  frequently in Htirmonia

axyridiS  (OsAwA, 1989). Sibl]'ng cannibalism  occurred  in most  egg  batches through-

out  the entire  eviposition  period, whereas  non-sibling  cannibalism  occurred  mainly

in the rniddle  and  late oviposition  periods and  when  the egg  batches svere laid close
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Tabre 1. A  life tab]e  of  H. any,ridis.

Age  interyal (x)  No.  of  a]ive  at Factors of  du
biginning of  x  (tx) (duF:}

 No, dying
during x  (ttr)dx

 %  (1oo qx)

Egg

tst insta'r
2nd  instar
3rd instar

4th instar

PupaAdult

1467

1010S8439419S

 l3

 12

Cannibalism
by non-sib]ing

by  sibling

Unknown
Unknown
Unknown
Unknown

Cannibalisrn

457204253426190199l82

 1

31.1613.9]17.2542.1832.5350.5193.33

 7,69

to an aphid  co]ony  (OsAwA, l989), Thus, the occurrence  of  non-sib]ing  canni-
ba]ism may  depend on  ecoEogical  conditions,  but this appears  not  to be the case
in sibling  cannibalism.  Frequency  of  non-sib]ing  cannibalism  in this study  was

significantly  lower than  tbat  (36.10%) in OsAwA  (i989) (x2=220,61, d.f.=1,
P<O.OO1), probably  because in this study  most  eggs  were  ]aid in early  oviposition

perjod, when  aphid  density was  high,

    Food  [jmitation for larval H.  axtyridis  became severe  in proportion as the
larvae developed, and  this may  have caused  the )ow survival  Tate  of  the last instar,
Because the  oviposition  of  coecinellids  were  concentrated  at the time  of  peak aphid

density (see also  BANKs, 1955; DixoN, l970, 1971; WRATTEN, 1973; OsAwA, 1989),
seyere  food shortage  for o]der  instars rnay  be an inevitable consequenee  of  prey
exploitation  by the coccinel]]d  populations. Decrease in aphid  densjty was  prob-
ably  accelerated  by the  great food requjrement  of  older  instar larvae (MoGi, 1969;
OKAMoTo,  l978) and  dispersal of  the winged  aphids,  ,

   First instar larvae of  H, ax.vridis  can  safe]y mou[t  to second  instar [n one  day
aftereatingthree  conspecificeggs  (KAwA], 1978; OsAwA,  1991). Therefore sibling
and  non-sibling  cannjbalism  enab]e  rapid  development  of  newly-hatched  larvae,
wh[ch  appears  important  for escaping  severe  food shortage  in fourth instar. Thus,
the  cannibalism  by first instar larvae of  H. any;ridis  may  increase cannibal's  survivat

rate  in otder  stages.
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