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    Anicetus benejicus IsHu et YAsuMATsu is an effective natural enemy of the
red sca}e, Ceroplastes ruabens, which is one of the most injurious insect pest ef
horticulture in Japan. Since the discevery of this parasitic wasp by Dr. YAsuMATsu
in I94,6, several papers have been published, chiefiy from the viewpeint ef biological

contrel by MiNAMiKAwA (1954", TAcm!<AwA (l951, 55), YAsuMATsv and his col-
laborators (194+9, 5!, 53a, 53b, 53c, 54,. 55), etc.
    {n Japan, there are three species ef scales belonging to the genus CeropLastes,
viz. C, rabens, C. pseucloceZiferus and C. jQpontczas. A. benejicies has been consi-

dered to be a special parasite on C. ribbens. .
    Some of the investigators who treated with the problem of host selection in
parasitic wasps divided the proeess of parasitizatlon into $everal phases. The
oviposition to tke host body is an important phase ef the process, and the
emergence of a wasp from the hest is its final result.
    The author wishes to concem himself with the behavior of adult fema]es of
this wasp in selecting their host among the three scales.
    My hearty thanks are due te Pref. D. MiyAm, DT. S. MoRi and otlaer members
ef the Research Group for Adaptive Variation for valuable discussioRs and criticisms

on this work, to Dr. K. YAsuMATsu of the Kyushu Univeersity, Mr. M. TANAKA of
the Kyusliu Agricultural Experirnent Station ana Dr. M. CHfij6 of the Kagawa Uni-
vertity for their kind aids in collecting the material$ as well as fer valuab}e

suggestlons.

                         Materials alld Methods

    The wasps used in my experiment$ were collected chiefiy from southern
Japan, e. g. Kurume and Fukuoka in Kyushu, Kagawa and Tokushima in Shikoku.
The 1iost seales collected from these distriets were kept in glass tubes, and emerged
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wasps were used for the experiments. The adult females were fed with undiluted

honey.
    At the experiment, a test female was put into a glass tube of 7.5em in length
and l.5cm in diameter, to whic'lt two out of three species ef Ceroplastes scales
were offered for oviposition.
    The evipositing behavior ef the wasps seemed to be normal under these con-
ditions. frhe ovipositing behavior (viz. thrusting of tl]e ovipositer into the host
bedy) were recorded during two hours, and the percentages of ovipositing behavior
against two speeies of scales were comparecl.

                           l;#xperimental Results

    First Experiment
    A..' beneYictts repeats two generations in a year, the first emergence takes place

in .iune and the second in September. On the•other hand, hostscales have
ene generatien in a year, the new generation appearing in June or July. Therefoi'e
the first brood of this wasp commonly attacks -the newly hatched small larvae of
scales, and the seeond brood the matured adults.
    In the first experiment, the first or summer generatiell of parasitio wasps and

the host scales in young stage were used. The results are shewn in [l]ab}es l-3.

   Tal)le 1. Showing the differenee in tke tendenÅëy of host selection by the wasp of tlie
           first generation between C. ruben.s and C. pseudoceliferus of young stage

Numbers of individual$

Numbors ef times showing
oviposithGg hehavior .

R RP ?

20 (29.0!e.f> 23 (18.80/,)

  156 (R)9! (?)67

9(l3.10/e)

   31

27(39.Ie/o)

  o

Total

69(leO%)

34•5

  R:
  P:
  J':

 RP,
 -:

Tab]e

Cases of ovipositing bel?avior against C. rubens only.

Csses of ovipositin.cr behavior against C. pseuaocelifertt$ enly.

Cases of ovipositing behavior against C. J'aponicus only.

RJ, P.l : Cases oÅí ovipositing behavior against both species designated respeetively.

 Cases of no ovipositing beliavior.

2. S}iowing the difference in tke tendeney of host seleet{on })y the i-vasp of the
   fir$t generation between C. ruljerts ancl C. J'apontcus eÅí young stage

                                          '

Numbers of individuals

Nttmbers of thnes showing
ovipesiting be!iavior

R RJ J -- Total

!

.19(54.3.ab') 3(8.6o/o)

  172 (B)38 (j)4

e

o

13(39.l.e.7)

o

3saoo%)

214,

For abbreviations see Table l.
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,

Numbers of individua}s

Nurnbers of times sliowing
ovipositing behavior

P. PJ 3 _
26(so.o.e.!)

  79

o

<P)0 (J)0

o

o

4(20.0.e..i>

  ei

'Total

20(iOO%)

 79

     For abbreviations see Tab}e 2.

     It may be said that, although a large number ef wasps thrust their ovipositers
into C. rube}}s which is their original hest, some individuals cheose C. psetsdo•
qeLtferus and a few attack C. japontcus, too.

     Second Experiment
     In t}3e second experiment, the second er auturr}n brooG of wasps and matured
hosls were used. [rhe results aare sltown in Tables 4i-6.

   Table 4i. Sliowing the differenee in the tendency of host selection by the wasp ef the
            second generation between C. rubens and C. pseudoceLiferscs oÅí matured stage

R BP P _
Numbers of individuals

rsiTumbers of times showing
ovipositing behavior

l
I

I

l
i
:

72(58J%)

 305

 ll(8.9%)

(R)4,4 (P)22

4(3.2i%)

13

37(29.8%)

o

Total

l24+(looe/o)

.384

' For
  Table

abbreviations see Table 1.

5. Showing .the difference in

   second generation between

the

c.

tendency of
rubens and C.

host selection

 J'aPOniCUS of

by the wasp of
matured stage

t}1.e

Numbers of individuals

Numbers of times sbowing
ovipositing behaviox'

R RJ j _ Total

57(81.4%)

 415

 8(ilA,%)

(R)39 <J)23

l(1.4e/a)

1!

4(5.80/o)

o
 N70(IOo.e,i)

488

  For

Table

abbreviations ses Table l.

6. S!}owin.ct. the difference in

   second .creneration between

the tendeney of
C.pseucloceLiferus

host selection by the wasp .
and C. J'aPOniCUS OÅí matured

of the

 stage

um"r-"" ,r

  i P ]})J J pt Total

Numbers of individua]s

Numbers of wasps showing
ovipositing beltavior

12(2o.o/oo/)

 41

 5(8.3i"o!)

(P)i3 (J)16

8(13.3%)

 28

35(58.3/Ooi)

e

60(].ooyi.)

98

For abbreviations see Table 1.
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    In this series of experiment, almost all individuals thrusted t}]eir ovipositers inte

C. ritbens, whereas both C. pseudoceLiferus and C. ]'apontctts were rarely attacked.

     Third Experiment
    From the results of the first and seeond experiments, the remarkable differ-
ences in the tendency of host selection can be seen between the first and secend
broods ef wasps, although it is not clear whether the difference are due to the
clifferent states of the host or to the different nature of Seasonal broods of tbe

     .paraslte.
    The third experirnent was therefere des;gned to solve this problem.. The
host scales containing the wasps of the prepupal stage in their bodies were kept
in the constant warm temperature of 25eC during the winter. Under this con-
ditien, wasps emerged in the spring about three weeks earlier than those in the
natural coneitgon, se that the matured host scales were still alive. Therefoare,
the experiment combining the first brood of wasps and tlie matured host scales
coula be perfoymecl. The results obtaineG by this experimtent are shown in
Tables 7--9.

   Table 7. Showing the difference in the tendency of host selection by the wasp of the
'  fust generation between C. rubens and C. psetrd.eceliferus of matured stage

Numblll;3 of indviduals

Nttmbets of times showing
eviposiliing behavior

R RP P _
4,0(66,7%)

 202

l(1.7%)

(R)1 (P)1

l(l.7%f>

  1

18(30.0%)

   e

Total

60(IOO%)

205

  For abbreviations see Tai]le 1.

Table 8. Showing the difference in the tendency of host selection by the wasp 'of the
        fust generation between C. rubens and C. japontcus oÅí matured stage

Numbers of individuals

Numbers of times shovving
ovipositing behavior

R RJ J A
46(76.7ie..)

  223

2(3.3%) 2(3,3e/.)

(R)10 (J)2 2

IO(16.7-eo!)

o

Total

  60(IOO%)

  237
I

  Foy abbreviations see Tahle l.

Table 9.'Showing the differenee in the fe' ndency of host se}ection by the wasp of the
        first generation between C. pseudoceliferus ana C. J'aponicus of matured stage

l
e

P PJ J _
Numbers of individuais

Numbers of times showing
ovipositing behavior

2(2.I%)

6

4i(4+.2%) 6(6.30/o)

(P)10 (D7 9

84,(87.5%)

o

Total

96(10e%)

32

F6r 'abbreviations see Tab!e l.
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    [lrhese Tables show tkat mest indivieuals select C. Tu•bens, whereas C. pseudo-
cetiferuas and C. ]'aponicu•s are rarely attacked.

                               DiseussioH

    From the results given ln Tahles 1-6, it may be said that the wasps of
A. benejicus thrust their ovipcsiters intG not on]y their normal host, C. rubens,
but also inte otlier species, C. psettdoceLiferus and C. japoixicths. The relative
number of times in selecting the host scales differ between the first and second
generations of wasps.
    In the fust generation, most individuals thrust their ovipositers into C. rubens
whereas only a few into C. pseudoceLtfertss. It is xTery interesting that when the
wasps are put inte a glass tube, in which small twigs with C. psettdoceLiferus and
C. j' apont cut s are previously placed side by side, all individuals whieh shew the

evipesiting behavior select C. pseudoceltferus only.

    In the second generation, almost all individuals thrust their ovipositers into
C. rubens, whereas both C. psetbdoceLiferus and C. japontcus are rarely attacked.
When the selection experiment ])etween C. pseudoceLiferus anf.{ C. J'aponicus are
performed, both }}ests are attacked almost indiscriminately.

    In the third experiment, whieli combine the wasp in the condition of the first
experiment and the scales in the condition of t}ae second experiment, almost all
individuals seleet C. rzabens, whereas both C pseudoceliferus and C. japontcus are

rarely attacked. In the selection experiment between C. pseuaoceLiferus and
C. japonicus, both hosts are attaeked indiscriminately. The results of the third
experiment are very simi]ar to those of the second experiment.
    In spite of the similar conditien of wasps, their host selectien was very different

in the first and third experiments. It may be suggested that the conditions of
host scales, espeeially those correla"ted with the developmental stages of liosts, are

very important in determining the differenees of the behavior of liost selection of
this parasitic wasp.
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