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Abstract. The karyotypes of nine Japanese ants in three subfamilies (Ponerinae, 
Formicinae, and Myrmicinae) were successfully analysed by the improved squash 
~echnique. Three ponerine species had 2n- -7  and n - - 4  (Ponera scabra), 2n 22 
(Brachyponera sinensis), and 2n 28 and n--14 (Cryptopone sauteri). Four for- 
micine species had 2n--18 and n =  9 (Camponotus sp. and C. tokioensis), 2 n -  26 
and n--13 (Camponotus japonicus), and 2n--30 and n--15 (Lasius niger). Two 
myrmicine species had 2 n -  18 and n = 9 (Leptothorax congruus), and 2 n -  37, 38, 
39, and n--17, 18, 19, 20 (Pheidole nodus). It  was found that the variation of 
chromosome number observed in P. nodus was caused by Robertsonian type poly- 
morphism. 

Introduction 

During the last two decades, cytological observations of ants  have 
been remarkably  developed; the details have recently been reviewed by  
Crozier (1970). Ima i  (1966) had applied the squash technique to ant  
chromosomes with the aim of analyzing their ka ryo type  evolution. Since 
then, the chromosomes of 40 Japanese ants have been reported (Imai, 
1966, 1969, 1970). The photographs obtained, however, were often not  
sat isfactory for analyzing karyotypes,  though they  were sufficient for 
counting the chromosome numbers. Recently,  Crozier (1968, 1970) de- 
veloped an air-drying technique for the ant  karyotype.  We have also 
succeeded in obtaining very good photographs  by  the modified squash 
technique. 

I n  order to accomplish the analysis of ka ryo type  evolution in ants, 
it is of course necessary to accumulate  much more data  than  is now 
available. Toward such accumulation, the present paper reports the 
karyotypes  of nine Japanese ants  observed by the improved technique 
during the summer of 1971. 
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Methods 
The squash technique described by Imai (1966, 1969) was modified as follows: 

(1) Dissect out the desired organs (cerebral ganglia, ovaries, and testes) in a colchi- 
cine-hypotonic solution (0.01% colchicine in 0.45 % sodium citrate solution) and 
leave them in the fresh hypotonic solution for 30 minutes at room temperature. 
(2) Transfer the organs on a slide slightly tipped to remove the hypotonic solution 
completely, and quickly tear the organs into pieces in a drop of 50% acetic-ethanol 
(2:3) fixative followed by squashing for one minute. (3) Put the squashed prepa- 
ration on a block of dry ice for 2 or 3 minutes, tear off the cover glass using a razor, 
and then melt the ice by blowing air over it gently with a hair-dryer. (4) Place the 
slide in absolute glacial acetic acid for 30 seconds to reduce cytoplasmic staining, 
and dry it again by the hair-dryer. (5) Stain the preparation with a drop of 1% 
acetic-orcein for one minute and then cover it with a cover glass without sealing. 
(6) After examination of the preparation, si~rip the cover glass by dipping in rmming 
water and stock as a permanent preparation. This improved squash technique will 
be suitable for routine preparation of a large nmnber of specimens. 

Results and Discussion 
Subiamily P o n e v i n a e  

Ponera scabra (Fig. 1, 2 n ~  7, n ~ 4 ) .  Fou r  (dipolid) female and two 
(haploid) male  ind iv idua ls  were ob ta ined  f rom two colonies in Manazuru ,  
K a n a g a w a  prefect.  The  modal  chromosome number  was ascer ta ined  b y  
observing 35 cells in the  diploids  and 41 cells in the  haploids.  The haplo id  
k a r y o t y p e  ob ta ined  f rom testes  of males consists of three  submetacen t r i c s  
and  one small  metacent r ic .  On the  other  hand,  the  diploid k a r y o t y p e  
ob ta ined  f rom cerebral  gangl ia  of workers  has one ex t r eme ly  large meta -  
centr ic  and  six small  metacen t r ics  or submetacent r ics ,  of which the  f irst  
four  chromosomes (l~os. 1-4) seem to correspond to those of the  male  
hap lo id  k a r y o t y p e  b u t  chromosome No. 5 does no t  have  a pa i r ing  pa r tne r ,  
though  the  chromosomes hlos. 6 and 2, and  Nos. 7 and  3 seem to be 
homologous  pairs.  The origin of this  curious k a r y o t y p e  remains  unknown.  
Anyway ,  n ~ - 4  is the  lowest  number  in ants,  elsewhere found only in the  
Stenamma brevicorne (Myrmicinae) observed  b y  Hauseh teck  (1962). 

Braehyponera sinensis (Fig. 2, 2n : : -22) .  Fou r  d iploid  ind iv idua ls  were 
ob ta ined  f rom one colony in Manazuru.  The diploid k a r y o t y p e  of th is  
species, de te rmined  f rom 17 cells in the  diploids,  consists of five pairs  of 
metacentr ics ,  five pairs  of submetaeent r ics ,  and  one pa i r  of acrocent r ics  
or telocentrics.  I t  was concluded t h a t  the  B. luteipes r epor t ed  b y  I m a i  
(1969) is ident ica l  wi th  the  presen t  species. 

Cryptopone sauteri (Fig. 3, 2 n : =  28 and  n z  14). Twelve diploid  indi-  
v iduals  were ob ta ined  f rom two colonies and  two haplo id  ind iv idua l s  
from one colony in Manazuru .  The  moda l  chromosome number  was de- 
c ided b y  observing 28 cells in the  diploids  and  15 cells in the  haploids.  
The haplo id  k a r y o t y p e  of this  species consists of two submetacen t r i es  
or subtelocentrics and twelve acrocentries or telocentrics. This result 

corrects the karyotype formula previously reported by Imai (1969). 
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Fig. 2 

Fig. 1 Fig. 3 

Fig. 1 a-d. The karyotypes of Ponera scabra, a and b The diploid karyotypes, 2 n 7. 
c and d The haploid karyotypes, n 4 

Fig. 2. The diploid karyotype of Brachyponera sinensis, 2 n -  22 

Fig. 3. The haploid karyotype of Cryptopone sauteri, n 14 

Subfamily F o r n d c i n a e  

Camponotus (Myrmamblys) sp. 1 (Fig. ~a and b, 2n~-18 ,  n~-9) .  
Seven diploid and two haploid individuals were obtained from two 
colonies in Misima, Shizuoka prefect. The modal chromosome number  
was decided by  observing 20 cells in the diploids and 10 cells in the 
haploids. The diploid karyo type  of this species consists of nine pairs of 
metaeentrics or submetaeentrics. 

Camponotus (Myrmamblys) tolcioen~'is (Fig. 4c, 2n~-18 ,  n=-9) .  Eight  
diploid and seven haploid individuals were obtained from two colonies 
in Manazuru and the chromosome counts are based on 25 cells in the 
diploids and 17 ceils in the haploids. Karyologically,  this species is iden- 
tical with C. (M.) sp. 1 but  the two species can be distinguished morpho- 
logically by  the shape of their petioles. This species is the same species 
as Camponotus sp. (Imai, 1966) and Camponotus caryae group sp. (Imai, 
1969). 

Camponotus (Camponotus) japonicus (Fig. 5, 2n-~-26, n : 1 3 ) .  Four  
diploid and two haploid individuals were obtained from one colony in 
Misima. The chromosome number  was determined from 25 cells in the dip- 



196 H. T. Imai a~d 9L Kubotu: 

Fig. 5 

Fig. 4 

~'ig. 4 a-c. The karyotypes of two species of Camponotus (Myrmamblys). a and b The 
diploid and the haploid karyotypes of C. (M.) sp. 1, 2n- -18  and n - -9 .  c The 

haploid karyotype of C. (M.) tokioensis, n = 9 

Fig. 5a and b. The karyotypes of Camponotus (Camponotus) ]aponicus. a The 
diploid k~ryotype, 2n=26 .  b The haploid karyotype, n--13.  The framed third 

chromosome has a remarkable secondary constriction 

loids and  20 cells in the  haploids.  All  chromosomes are metaeent r ies  or sub- 
metacen t r i es  wi th  a cont inuous  range of size, among  which the  th i rd  
chromosome shows a r emarkab le  secondary  constr ic t ion a t  the  p rox ima l  
p a r t  of the  shor t  a rm (Fig. 5, framed).  This species is the  same species as 
Camponotus sp. collected a t  Hodogaya ,  K a n a g a w a  prefect  (Imai ,  1969). 
I n  C. ]aponicus, ind iv idua l s  hav ing  n = - 1 4  were collected a t  Sugadai ra ,  
Nagano  prefect  (Imai ,  1966, 1969). The  presen t  resul t  suggests, there-  
fore, t h a t  our C. japonicus includes two species of races t h a t  are different  
karyologiea l ly ,  or else t h a t  the  species is po lymorphic .  

Lasiu8 niger (Fig. 6, 2 n~-~-30 and  n = 15). Six diploid ind iv idua ls  were 
ob ta ined  f rom one colony in Misima, one diploid and three  haplo id  indi-  
v idua ls  f rom ano the r  colony in Manazuru.  The modal  chromosome 
number  was dec ided  b y  observing 35 cells in the  diploids and  20 cells in 
t he  haploids.  The diploid  k a r y o t y p e  of this  species consists of 14 pairs  of 
acroeentr ics  or teloeentr ies ,  and  one pa i r  of med ium size metaeent r ies .  
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Fig. 7 

Fig. 6 

Fig. 6a and b. The karyotypes of Lasius niger, a The diploid karyotype, 2 n -  30. 
b The haploid karyotype, n ~ 15 

Fig. 7. The haploid karyotypes of Leptothorax congruus, n --  9 

Subfamily Myrndcinae 

L ep to thorax  congruus  (Fig. 7, 2 n ~  18 and n - - 9 ) .  Four  diploid and 
two haploid individuals were obtained from one colony in Misima, four 
haploid individuals from the other colony in Manazuru. The modal  
chromosome number  was decided by observing five cells in the diploids 
and 55 cells in the haploids. The haploid karyo type  of this species con- 
sists of one large metacentric and eight small metacentrics o1" submcta- 
centrics. 

Pheido le  nodus  (Figs. 8 and 9, 2 n = 3 7 ,  38, 39, n - ~ 1 7 ,  18, 19, 20). 
Three diploid and 153 haploid individuals were obtained from ten colonies 
in Misima. The modal chromosome number  of each individual was deter- 
mined from ten cells. Ima i  (1969) reported the chromosome number  of 
this species as 2 n ~ - 3 8  and n-~-19,  from a sample collected at  Taiji, 
W a k a y a m a  prefect. The present observation indicates, however, tha t  
P.  nodus  in Misima district shows a wide range of variat ion in the chro- 
mosome number.  All haploid karyotypes  of this species observed had 
fundamenta l ly  11 submctacentrics or subtelocentrics and two acrocen- 
trics or telocentrics. On the other hand, the karyotypes  having n - - 2 0 ,  
19, 18, and 17 include different numbers  of metacentrics and telocentrics, 
viz., one metacentric and six telocentrics (Fig. 8a), two metacentrics and 
four telocentrics (Fig. 8b), three metaccntrics and two telocentrics 
(Fig. 8c), and four mctacentrics and no tclocenti'ics (Fig. 8d), respec- 
tively. These series of variat ion in chromosome number  appear  to indi- 
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Fig. 8a-d .  The haploid karyotypes 
of Pheidole nodus, a The karyotype 
having one metacentric,  n = 2 0 .  
b The karyotype having two meta- 
centrics, n = 19. c The karyotype 
having three metacentrics,  n -  18. 

d The karyotype having four 
metacentrics,  n 17 

Table 1. In t ra -  and  inter-colonial var ia t ion of the  haploid males of Pheidole nodus 
having different chromosome numbers  

Colony 
No. 

Frequency of the males having each Males, 
total  no. 

Chromosome number  and metacentrics (M) observed 

17 (4M) 18 (3M) 19 (2M) 20(1M) 

1 - -  1 8 1 1 0  

2 - -  2 3 - -  5 

3 - -  5 4 1 10 
4 - -  9 23 13 45 
5 - -  2 3 4 9 
6 - -  - -  7 6 13 
7 4 4 3 - -  ]1 
8 - -  16 10 4 30 
9 - -  9 4 - -  13 

1 0  - -  3 2 2 7 

Total 4 51 67 31 153 

ca re  g o b e r t s o n i a n  r e l a t i o n s h i p .  T h i s  t y p e  of p o l y m o r p h i s m  was  o b s e r v e d  

i n  a n  A u s t r a l i a n  p o n e r i n e  a n t ,  Rhytidoponera metallica (Crozier ,  1969) ;  

o u r s  is t h e  f i r s t  case  in  t h e  Myrmicinae. I t  w a s  f o u n d  t h a t  t h e  f r e q u e n c y  

of e a c h  k a r y o t y p e  v a r i e d  r e m a r k a b l y  w i t h i n  a c o l o n y  as  wel l  as  a m o n g  
co lon ies  ( T a b l e  1). T h e  i n t r a c o l o n i a l  v a r i a t i o n  of t h e  k a r y o t y p e s  s u g g e s t s  

t h e  p r e s e n c e  of q u e e n s  ( r e p r o d u c t i v e  f ema les )  h a v i n g  d i f f e r e n t  d i p l o i d  
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Fig. 9a-e. The diploid karyo- 
types of Pheidole nodus, a The 
karyotype having three meta- 
eentrics, 2n = 39. b The karyo- 
type having four Inegaeentries, 
2 n = 38. c The karyotype having 

five metaeentrics, 2n = 37 

ka ryo types .  I n  fact,  the  diploid ka ryo types  of three  females collected 
from the  same colony observed a t  pupa l  s tage were 2 n = - 3 9 ( 3 M ) ,  
38(4M), and  37(5M), where M is the  number  of metacentr ies .  These 
ka ryo types  were in te rp re ted  as follows: 3 9 ( 3 M ) ~  19(2M)-~ 20(1M), 
(Fig. 9a) ;  38 (4M) = 19 (2M) ~- 19 (2M), (Fig. 9b) ;  and  37 ( 5 M ) =  18 (3M) 
-4-19(2M), (Fig. 9e). I f  this  i n t e rp re t a t ion  is correct,  the  chromosome 
po lymorph i sm observed in males should also be found  in females.  I f  th is  
is the  ease, the  presence of seven different  diploids  can be expected,  i.e., 
40(2M), 39(3M), 38(4M), 37(5M), 36(6M), 35(7M), and  34(8M), though  
only  three  of these ka ryo types ,  39(3M), 38(4M), and  37(5M) were ob- 
served in this  sample.  As far as the  present  observa t ions  are concerned,  
no gross morphological  differences were found among those  ka ryo typ i -  
t a l l y  different  individuals .  The detai ls  will be publ i shed  in a sepa ra te  
paper .  
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