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       COMPARISON  OF  OVARIAN  SIZE AND  NUMBER

        OF  OVARIOLES  BETWEEN  TIIE  WORKERS  OF

           JAPANESE  AND  EUROPEAN  HONEYBEES

             (Studies on  the Japanese honeybee, APis

                    indica cerana  Fabricius. I)i

              By  Sh6ichi F. Sakagami  and  Yukio  Akahira

              Zoological Institute, Faculty of  Sclence, Hokkaiclo

                           University, Sapporo

    The  Japanese honeybee, Apis indica cerana  Fabricius is distinguished from

 the European  honeybee, Apis meglij?ira  Linn6 by  a  number  of rnerphe-

 ethelogical  characters.  Some  of  these  pecullarities were  alreacly  descrided by

 Tokuda  
'24

 ancl  Okada,  Sakai and  }Iasegawa  
'56.

 There  exist,  however,  still  other

 distlnctive features which  will  be reported  subsequently  in the present serial

 publications.  As  the  first attempt,  we  should  like to describe some  anatornical

peculiarities in the  ovarian  structure  of  this  species  in comparison  with  those  of

her European  cousin.

    Before  going  further, a  brief remark  may  be necessary  on  the  reason  by

which  we  have  adopted  fer our  material  the  scientific  mane  entitled  abeve.  Up

to present,  there  are  two  classificatory  systems  in the taxenomy  of  honeybees,
which  differ, after  our  opinion,  essentially  only  on  the treatment  of  generic  and

infrageneric ranks.  The  most  authors  admit  four species  in the  genus  Apis
Linn6, namely,  A, meUijE]ra  Linn6 (:=A. fneUij7ca  Linn6), it. indica Fabricius, A.

florea Fabricius and  A. dbrsata Fabricius. Many  of  them  are,  however,  inclined to
the  oplnion  that A. indica might  be rather  a subspecies  of  A, mellCfera  CRuttner  &

Mackensen 
'52;

 Muttoo 
'51;

 Butler '54).

 On  the  other  hand,  there  is another

viewpoint  which  admits  three  genera, Mligapis, Mierapis  and  Apis in the Tribe
Apidini and  considers  Apis indica as  a  distinct species  (Skorikov 

'29;
 Maa  

'53),

Moreover, Maa  errected  a  new  subgenus  Sigmatapis for the indica-group and

separated  the  Japanese (or Far-Easterll) as  a  distinct species,  Apis cerana  Fabr.

(=A, sinensis  Smith=A.  J'aponica Radoszkowski)  frem  Apis indica. At  present,

we  are  not  weli  qualified  for the  honeybee  taxonomy  te judge whether  Apis  indica
i's a  mere  subspecies  of  A. metlijlira  or  subgenerically  distinct from the  latter, We
will  use  the  name  Apis  indica throughout  our  serial  work  only  to mention  a

doubt]ess fact, that  the morpho-ethologtcal  differences between  v4pis  indica-group
and,A.  mellijlera  are  far greater  than  those  found  among  any  of  various

subspecies  or  races  of  the  latter species.  The  adeption  of  the  subspecific  name

Apis indica cerana  is also  net  based  upen  the  conclusion  that  the  Japanese bee is
a  subspecies  of  Apis indica, but only  upon  two  facts: 1, the  Japanese bee belongs
clearly  to the indtca-group and  2, we  deal with,  for the  tirne being, only  with
...-...-- .t.t ...- rm ...                                                    .- t.t.. .. -
1 Contribution  No. 401 frorn the  Zoological Institute, Faculty  ef Science, Hok-
   kaido University, Sapporo,
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Japanese material  but not  with  all  the  representatives  of indica-group or  Sigmatapis
                                               '
of  Maa.

   Already Tokuda  mentioned  an  interestnig nature  of  the Japanese honeybee

wlth  respect  to the  appearanee  of  !aying werkers.  When  dequeened  either  arti-

ficially or  accidentally,  Apis indicq cerana  shows,  in the majoritiy  of  cases,  no

tendencv  to construct  emergency  queen  cells  in order  to rear  theiy  next  queen,

but produces  numereus  laying workers  during  a  relatively  shoTt  intervaL  This

character  was  also  repeatedly  ebserved  by  the  senior  author  in the eourse  of  his

studies  with  this bee and  partly  reported  in the  previous  papers  (Sakagami 
'54,

in preparation).  The  occurrence  ef  actual  er  potential laying workers  is relatively

rare  in qtteenright colonies  ef  Apis meUiji]ra  except  immediately  befere the  swarm-

ing (Tuenin 
'26).

 In Apis  indica cerana,  however,  there exist  occasionally

actual  or  potential  laying workers  in colonies  headed  by  a  normal  fertilized

queen. One  example  may  suthce  to show  such  a  tendency.

   The  ceiony  observed  was  transported  from  Yamaguchi,  Southern  Japan and

had  arrived  on  IV  22 '55  to our  laboratory in Sapporo. Since the next  day, i. e.

IV  23, 20 workers  were  randomly  caught  from the  hive about  every  three  days.

Their ovaries
 were  examined  under  the  binocular microscope  and  classified  into

three  stages  according  the degree  of  development  CO: normal=rudimentary,

I: commencement  of  swelling  and  constriction,  II: with  distinct eva),  As  seen

in Table  1, ene  individual already  showed  on  IV  23 the  commencement  ef  ovanan

constriction.  The developed  evaries  were  found  again  on  V  2 in 9 individuals,

namely,  about  half of  examined  specimens,  Thereafter certain  workers  were

always  observed  whose  ovar{es  more  er  less developed until  V  i7, nevertheless

no  swarm  tendency  was  noticed  and  the queen  was  seen  in engaging  actively  in

her sole  task, eviposition,  througheut  the  period observecl.

           Tabie 1. Appearance  of  evary-developed  workers  in a

                    queenright  colony  of  Apis indica cerana,

  Date I. IV

examined  i 23 26 28 29

  v

  2i 5811  14 17

   VI12

                1
             Oi  19 2e 20 2e 11 9 10 15 19 18 2e
  No. of

  evarles

  belonging  I 79  431  2,
       - t
  to  varlous

  stageS  !I                                     22  62

   In parallel with  such  a  functional peculiarity, the  ovaries  of  Apis indica cerana

workers  are  rernarkable  in their  conspicuous  size  if being compared  to those Df

Apis mellifera.  This is noticed  already  when  the  ovaries  of  these two  species  are

examined  side  by  side.  The  completely  atrophied  ovaries  of  Apis melliflira  workers

are
 almest  thread-like,  Ovarioles are  so  compactly  attached  to each  other  that,

without  a  littLe experience,  it is by  no  meuns  easy  to separate  each  one,  On  the

ether  hand, the  ovaries  ef Apis indiea cerana  workers,  naturally  also  being rudi-
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mentary,  much  more  swollen  than  in those of  Apis meli(f?rra.  Hence  it is relatively
･easy

 to extract  them  from the  abdomen  ancl  to separate  each  ovarioie.

     To  obtain  a  quantitative estimate  of this differenee, about  leO workers

were  collecteci  from  hives of  both  species,*  in the summer  of  1953 (Colonies Mz

and  C3 cf.  Table  3) and  the maxiTnal  width  of  their  ovaries  was  measurecl  by
the  ocular  micrometer.  Table 2 tells clearly  that  there  is ne  signifieant  lateral
asymmetry  ef  the  width  measured  in each  specjes  but a  highly significant  difier-
ence  between  two  species.

              Table  2, Maximal  width  of each  ovary  in Apis

                       metlijlera  and"Apis  indiea cerana,

Apis ntellijlara
/11:1

Apis indica cerana

left right loj}

100

right

Number  ef  individuals 1
      examined

Mean  value  (mm)

100

r;I

100'
:[I-i100

            o.no ± o.oe6os l o.4si± o.oig7O,112te.O0588
           1 1

Standard  deviation
      (mm)

Ii/O.05881Ii1,1o.o6es O.l97

e,433± O,O199

OJ97

e213
FE

O.687
        t-value  i" --

                     ii 22,786

    To  demonstrate  this  difference in another  way,  the  ovaries  of both species

were  illustrated in Fig. 1 with  the  same  magnification  (1955, Coionies M[  and  C2).
In each  species,  a  number  of workers  were  collected  at  their emergence,  le ef

these  young  bees were  immediately  sacrificed  for drawing (Fig. 1, B, C,) then
other  10 bees were  marked  with  colour-paint  and  released  again  in the hives, te
be recaptured  after  10 days  for drawing  (Fig, 1, D,  E). The  figures of  thesefour

series  show  no  sign  of  ovary  development  in the course  ef  aduit  life but a  clear

difference in the  size  of  ovaries  between two  species.  The  cornmencement  of

ovary  developrnent was  found  in one  Apis indica cerana  worker  of  10 clays old  (E,
Ne. 1), nevertheless  in both species  all  the  samples  were  taken  from  queenright

colonies,

   Corresponiding to the size  difference of  ovaries,  the  number  ef  evarioles

differs significantly  between  two  species,  This was  studied  in five Apis indica
cerana  and  three  Apis  meUijbra  colonies.  From  the  data presented  in Table  3, the
following  results  can  be recognized:

   1, With  respeet  te the  number  of  ovarioles,  no  significant  left-right difference
was  found  in all  the  colonies  studied,  either  in mean  value  or  in variance.  Hence,
the means  ei  the  both  sides  were  averaged  and  the further comparison  was

executed  among  these  averaged  means  of  each  colony.
                                                                     '
ti:
 All the studied  colonies  of  A. meUijlera  belong to the  Italian, Apis  mellijlera

  iigustica, with  a slight  mixture  of  various  black races,  as  in the  majority  of

  colonies  kept  in Japan,
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     Fig. 1, A. An  example  ef well-developed

            of Apis indica cerana.

            B. C. Ovaries of  ten  workers  at

            D. E. Ditto at  10 clays old  after

            (B. D. Apis meUijl,ra  ligustiea, C. E.

   2. There is a  highly significant  difference in

twe  species  (t=2e.Ol).
   3. 0n  the  intra-specific variation  in Apis

and
 variances  show  a  highly significant  difference

and  Mi-M3  but not  in Ms-M3.
   4, en  the intra-specific variation  in Apis

dffer not  significantly  in C2--Cn, C2-Cj,  Cs-C4,  but

paired comparisons.  The  difference of  variances

significant  in C2-C3 and  highly significant  in other

   The  number  of studied  colonies  is as  yet  toQ

explanation  about  the causes  whieh  have

mentioned  above,  except  in the  case  of  colonies  C2

from  the  same  locality. Much  more  quantitiative

populatons  may  be desirecl before discussing the

ovariole  nurnber  in both species,

   On  the  other  hand, the  interspecific difference

The' mean  value  in Apis meUijlrra,  3.64± O.123, was

colonies,  but fairly ceinsides  with  values  reperted

Haydak  ('51, Mean==3.64-4,32),  Komarev  ('35,
cembined),  nnd  differs distinctly with  the  higher

± O,le7. This  difference in the  number  of  ovariole

of  ovarian  size  described above,  If

was  considerecl  together  with  the  functional

laying workers,  it seems  to be pessible to assume

indica cerana  pessesses  a  higher potential  in 

'

those  of Apis metl(fera,

    In this cenneetion,  it may  be allewed  to add

'
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                       "rJ-im"--"

         evaries  in a  laying worker

         emergence.

         emergence.

           Apis indica cerana)

             ovariole  number  between the

         mellijlira  colonies,  beth  the  means

              in the  comparisens  Mi-ML,,

        indica cerana  colonies,  the means

              highly significantly  in other

              is not  slgnificaht  in CL,--C4,

             combinations.

              small  to give  a  reasenable

       brought  the intra-specific variation

             and  C.i which  were  obtained

              analysis  with  various  loca!

            intra--specific variation  ef the

            was  established  yery  clearly.

           obtained  only  based upon  three

            by  Hess  ('42, 1-21, Mode=:4),

          2-24, 9.94± O.11, in both  ovames

           value  in Apis indica cerana,  7,77

             causes  mainly  the  difference

this structural  difference between  both species

          difference in the  development  of

             that  the  werker  bees of  Apis

      functionning as normal  females  than

            here some  beculiarities in the

1//
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Table 3.Number  of

KoNTyb

ovarioles  inApis  mellijlitzt  and  Apis indica cerana,
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ovary  development  of  Apis indicacevana. AEthough  notyet  quantitatively confirmed,

in Apis  indica cerana,  it is relatively  rare  to found  the  laying workers  in which

only  the  ovary  of  one  side  developecl, which  ts often  discovered  in the  case  of

Apis  meUijl?ra.  Moreover,  the develepment  of  each  ovariole  varies  in Apis indica
cerana  not  so  markedly  in each  other  than  in Npis mellifera,  whose  laying  workers
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have  
aften

 deformedly  developed  ovaries  due to the  uneyenness  in the dievelopment

of
 each  ovariole,  Consequently,  a  well  developed  ovary  consisted  

of
 

numerous

ovarioles  in Apis indiea cerana  approaches  often  to the  appearance  
characteristic

to the huge  ovary  of  nermal  queen  (For example,  Fig. 1, A, left ovary  with  
l8,

right  with  9 evarioles),

   It may  be too  premature  to discuss here whether  such  the  merpho-iunctional

properties are  enly  characteristic.  to Apis indiea cerana,  or  cemmon  throughout  
all

Il.e.rliiPi,eSe,",taM'\fi2.0{,:-:dii,a,r,g,r2",2･g.B.",t,S';,it.1",'R',e,S`'.",g,,`.O.//t;,h.e,:e;h,e,,O,b,i.e,'VS,"
Apis indica shew  in'India  a tenclency  to preduce  the  laying workers  relat]vely

easily,  in spite  of  the presence of  normal  queen,  Moreover,  Muttoo  
:59

 
mentione.d

recently
 the lower  laying eMciency  of  Apis indica queens  in India 

which
 
depos.it

seldom
 more  than  500-700!day  in contrast  to the  rate  of  more  than  20eO!clay  in

Apis meliijlera.  There  are  as  yet no  detailed recerds  on  the laying eMciency  
of

the  Japanese beq  but it is well  known  that  the colony  size  of th]s  bee usually

not
 reaches  the  level which  her European  cousin  maintains.  

'Irherefore,

 it may  
be

not  always  unreasonable  to suppose  that  the  caste-developrnent  of  Apis. indica

group  is not  so  well  differenciated as  in Apis  inellijlera,  
though

 
the

 
co.rrec.tiveness

of
 this  assuTnption  must  be tested  through  a  series  of  further                                                      investlgatrons.

    Finally we  should  like to express  aur  sincere  thanks  to Dr. Y. Hachinoe

(Chiba), Messrs.  S. K6ta  (Nishinomiya), S. Kuzukawa  (Shiga), Y, Matsuda  (Ya-

maguchi)  and  K. Sekiguchi  (Sapporo), without  whose  kindness  
we

 
could

 
not

ebtained
 suMcient  material  to be studied.  Our  heartiest thanks  are  also  due to

Prof. Tohru Uchida, under  whose  direction the  present  study  has  been  carried

out.

                               Summary

    The  Japanese honey  bee, Apis indica cerana  Fabr. has a  tendemcy  
to

 produce

the  laying werkers  relatively,  In parallel  with  this  funct{onal peculiarity,  
it

 
was

confirmed  that  the ovarie$  of  this  species  are  much  larger and  their  ovarioles

are  more  numerous  than  in the European  honey  bee, Apis meJl4flera  L.
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Addendum

　　 Through 　the　 cDul
・tesy　 of 蝋 ss 　K ．　Olnura ，　we 　recently 　 received 　 some 　 alcoholed

オ．i．　cerana 　workers 　from 　the　vicinity 　of 　Matsu6 ，　Shlmane 　Prefecture．　 An 　attem づt

was 　nlade 　to　dissect　 some 　 specimens 　 to　 exa 釦 ne 　the 　 number 　 of 　 ovarioles ，　 and 　 we

obtained 　the 　 fol工ewing 　 results （Number 　 of 　 individuals　 in　parentheses ）： Right
ovary ，5 （1），6　〔護），7　（3），　8　（2），　12（1）； left　 ovary ，6　（4），　7 （2），　12　（1），　16　（1），
more 　than 　20 （1）．　 Namely ，　the 　 range 　 of 　 ovariole 　 number 　 fairly　 coinsides 　 with

those 　 shown 　 in　the　text ．

九 州 か ら 未 記 録 の ト ビ ム シ 1 種

日 高 輝 展 ・尊 田 望 之

　 筆者等 は 去 る 1958年 1月 25 日， 福岡 ・佐賀県境 に 横た わ る脊振LLiに 冬期採集を試みた．

真冬 の 事で 積 雪 は 頂上 （1056m ）附 近 で 約 50　cm あ り，天 候 は快 晴 で あ つ た．脊 振 山 系 の

板 屋 峠 （655　m ）に 至 る 登 山路に 沿 つ た積雪上 で 跳躍す る トビム シ 多数を採集す る こ と が 出

来た．な お， トビム シ は約 500〜600m の高度｝こ亘 つ て 見 る こ とが出来た．

　弘 前大学 の 内田
一

教授に 同定 を依頼 し た と こ ろ ，本種は オ8 厂召廊 わ漉 畷 c 麗五α’α（Tullberg ）

ケ ソ トビ ム シ で あ り，九州か ら未記録 と の 事 で あつ た の で，こ x に 言己録す る次第で ある．

　内 田
一
教授 の 御教示に よれば ，本種は元来 borea1　species で ，北欧，北極圏，シ ベ リ

ア ，グ リ冖ソ ラ ン ド，北 米 ，日本で は 従来本州だけに 分布 し （北は 春森県 か ら西南の 烏取県

意 で か な り広い 範囲に亘 る）積雪上，また は 融雪の 縁辺，雪渓などで 得 られ る と の 事で あ るa

　末難なが ら御多忙中に も拘 わ らず快 く御同定，御教示下さつ た 内田
一教擾 に 対 し厚く御礼
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