
Insectes Sociaux, Paris. 
1976. T o m e  23, n ~ 4, pp .  513-524. 

A N T  C H R O M O S O M E S  

I. - -  T H E  G E N U S  FORMICA (*) 

By ELISABETH H A U S C H T E C K - J U N G E N  a n d  H. J U N G E N  (*~ 

Zoologisches Museum der Unioersitiit Ziirich 
Kfinstlergasse 16, CH-8006 Ziirich. 

Requ le Ier oetobre 1975. Accept6 le Ier avri l  1976. 

S UMMAR Y 

Chromosome n u m b e r s  of 14 species and mitot ic  ch romosomes  of 12 species of the  
genus  Formica are presented.  Six species of the subgenus  Serviformica have  54 chro- 
m o so m es  in the  diploid set, one species has  52 chromosomes .  Seven species of the  
subgenera  Formica, Coptoformica, and Raptiformica have 52 ch romosomes  in the  diploid 
set. The range of lengths  of the ch romosomes  is (for all species) between about  0.7 and  
1.5 Ix. Most of the ch romosomes  are medio-  or submediocentr ic .  In four  species, the  
.amount of DNA per nuc leus  was de te rmined  by Feulgen m e a s u r e m e n t s .  Four  different 
values were obtained,  the h ighes t  in Formica (Raptiformica) sangainea, m e d i u m  values  
in Formica (Formica) polyctena and Formica (Formica) lugubris (these two species 
have s imi la r  a m o u n t s  of DNA), and the lowest  value in Formica (Serviformica) fusca. 
Together  wi th  morphological  and  ecological resul ts ,  our da ta  indicate  t ha t  the subgenus  
Serviformica is wel l - separa ted  f rom the other  three subgenera  and is the  mos t  pr imi t ive  
one. The compar i son  of the ch romosome  n u m b e r s  and the  DNA a m o u n t s  per nuc leus  
in the genus  Formica and between Formica and LaMas show once more  t ha t  these two 
characters  can evolve independent ly .  

ZUSAMMENFASSUNG 

A m e i s e n c h r o m o s o m e n .  I. m Die Ga t tung  Formica ~ 

Die Karyo typen  yon 12 Arten der Gat tung  Formica wurden  un te r such t .  Von zwei 
weiteren Arten dieser Gat tung  wnrden  n u r  die Chromosomenzah l en  be s t immt .  Seehs 
Arten des Subgenus  Serviformica haben  diploid 54, eine Art 52 Chromosomen .  Sieben 

(*) Supported by  the  g ran t s  Nr. 4326, 4847, 3.187.69. f rom the Sehweizer iseher  
Nat iona l fonds  zur  F6rderung  wis senscha f t l i che r  Forschung  and by Sandoz St i f tung zur  
FSrderung der mediz in isch-b io logischen  Wissensehaf t en .  

(**) The fol lowing s tuden t s  took par t  in the chromosome s tudies  : Mart in RONNEn, 
Eveline FRay, Caesar  MONDADORI, ~Verner EnmM. 



514 ELISABETH HAUSCHTECK-JUNGEN AND H. JUNGEN 

Arten der Subgenera Formica, Coptoformica und Raptiformica haben ebenfalls  52 Chro- 
mosomen diploid. Die Chromosomenltingen fiir alle Arten liegen zwisehen 0,7 und 
1.5 ~xm. Die meis ten  Chromosomen aller  Arten sind medio- oder submediozentr isch.  Bei 
vier Arten wurde die relative DNS-Menge diploider Gehirnzellen bes t immt  mi t  Hilfe yon 
Feulgen-Absorpt ionsmessungen.  Es ergaben sich vier verschiedene Werte, der h6ehste 
bei Formica (Raptiformica) sanguinea, zwei /ihnlich grosse mit t lere  Werte bei Formica 
(Formica) polyctena und Formica (Formica) lugubris und der niedrigste Wef t  hei For- 
mica (Servi[ormica) fusca. Zusammen mit  morphologischen und 6kologischen Daten 
weisen unsere Resultate darauf  hin, dass die Untergat tung Seroiformica yon den drei 
iibrigen Untergat tungen gut abgetrennt  ist und am nrspri inglichsten scheint .  Der 
Vergleich von Chromosomenzahlen und DNS-~Verten innerhalb der Gattung Formica und 
zwisehen den Gattungen Formica und Lasius zeigt einmal mehr, dass sie getrennt  evo- 
luieren k6nnen. 

I N T R O D U C T I O N  

In J a p a n  (IMAI, 1966, 1969; IMAI a n d  YOSIDA, 1964), in  A m e r i c a  a n d  A u s t r a l i a  

( r e v i e w e d  b y  CRozmn,  1970; HUNG, 1969) a n d  in  E u r o p e  (HAusCHTECK, 1961, 1962), 

F o r m i c i d a e  k a r y o t y p e s  h a v e  b e e n  s t u d i e d .  The  p r e s e n t  da ta  c o n c e r n  t i le g e n u s  

Formica. T h e  i n v e s t i g a t e d  s p e c i e s  of t h e  genus  Formica b e l o n g  to fou r  s u b g e n e r a :  

Servi[ormica, Formica, Coptoformica, a n d  Rapti[ormica. Tile m o r p h o l o g i c a l  

s i m i l a r i t y  of  the  s p e c i e s  in  t he  s u b g e n e r a ,  e s p e c i a l l y  in  t he  s u b g e n u s  Formica, 
is one  of  the  p r o b l e m s  in  ant  t a x o n o m y .  I,~aI a n d  YOSIDA (1964), IMAt (1966, 

1969), a n d  HUNG (1969) h a v e  p u b l i s h e d  s o m e  Formica c h r o m o s o m e  n u m b e r s  a n d  

IMar (1969) has  p u b l i s h e d  one  k a r y o t y p e .  T h e  p r e s e n t  p a p e r  g ives  m o r e  k a r y o -  

t yp i ca l  i n f o r m a t i o n  on  Formica. S o m e  DNA m e a s u r e m e n t s  g ive  a n e w  p e r -  

s p e c t i v e  on evo lu t i on  in  t h e  t axon .  

MATERIAL AND METHOD 

Karyotype analysis. 

Brains of prepupae f rom all casts available were dissected. Brains were kept in 
sterile insect r inger wi th  0.004 % Colcemid for  two to three hours.  If male prepupae 
were present,  the testes were also studied. In one case, the ovary of an inseminated  
female was examined. In the gonads of adult  males and in uninseminated  adult  females 
we found no mitot ic  or meiotic figures. After incubation in Colcemid, the dissected 
organs were t ransfer red  to a 1 %  sodium citrate solution for 20 to 40 rain. Then they 
were fixed in 50 % acetic acid and s tained wi th  acetic orcein, squashed under  a silico- 
nized eoverslip, which was removed af ter  being frozen on dry ice. The cells were 
mounted in Euparal .  

Ten mitoses wi th  the  same chromosome number  are enough to de termine  the 
diploid or haploid chromosome number  in this material .  Therefore, in all those 
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species in which  more t h a n  ten nuclei  were analysed,  the  n u m b e r  of chromosome sets 
s tudied is l is ted as being la rger  t h a n  ten. Where  the  documenta t ion  of the  chromosome 
set as karyotype  or me taphase  pla te  is missing,  the p repa ra t ions  were dest royed or 
unsa t i s fac tory .  The photos  were t aken  w i t h  a Zeiss Ul t raphot  II, object ive Neofluar 
PhlO0. 

Relative D N A  amount per nucleus. 

The specimens for  DNA de te rmina t ion  were collected in or in the  near  of Ziirieh. 
Only b ra ins  of adu l t  workers  were dissected because all  cells of th i s  organ in  adul t s  
are in Go-phase. The b ra ins  were fixed in 50 % acetic acid for  about  10 see. and  kept  
in 70 % alcohol for  15 rain . ;  a f te r  t h a t  they  were hydrolysed in 1N HC1 at  60 oC for  
12 m i n .  (for fu r the r  i n fo rma t ion  see HAUSCHTECK-JuNGv.r~, 1970). To get reproducible  
DNA v a l u e s ,  the  b r a i n  had  to be incuba ted  in Sehiff's reagent  [Pa r a ro san i l i n  (Base) 
MEaCK] for  two or three  hours .  We used the  plug me thod  and a wave leng th  of 570 nm.  
Two different ins t ruments ,  one constructed by  Prof.  F. RUCH, Botanisehes  In s t i t u t  der  
ETH Zftrich, the  other  the Zeiss Mikroskop-Photomete r  01, gave the  same resul ts .  

RESULTS 

Karyotype analysis. 

In  T a b l e  I, t h e  s p e c i e s  t o g e t h e r  w i t h  t h e i r  c h r o m o s o m e  n u m b e r s  a r e  l i s t ed ,  

i n c l u d i n g  l o c a l i t i e s  of c o l l e c t i o n  a n d  n u m b e r  of  i n v e s t i g a t e d  nes t s .  All  k a r y o -  

t ypes  l o o k  m o r e  o r  less  s i m i l a r .  T h e r e  a r e  s l i g h t  d i f f e r e n c e s  b e t w e e n  t h e  l e n g t h  

of  c h r o m o s o m e s  in  a set .  T h e  r a t i o  b e t w e e n  t h e  l a r g e s t  a n d  t h e  s m a l l e s t  

c h r o m o s o m e  is a b o u t  2: 1. 
T h e  f o l l o w i n g  d e s c r i p t i o n  w i l l  s h o w  t h a t  d i f f e r e n c e s  in  t h e  p o s i t i o n s  of  t h e  

c e n t r o m e r e s  a re  b e t w e e n  s p e c i e s  of  a s u b g e n u s  b u t  no t  b e t w e e n  s u b g e n e r a .  In  

F. (S.) rufibarbis, F. (S.) cunicularia, F. (S.) cinerea, F. (F.) polyctena, a n d  

F. (F.) truncoram one  of t h e  f i r s t  c h r o m o s o m e s  (or  p o s s i b l y  t i le  f i r s t  c h r o m o s o m e  

i t se l f )  is  m e d i o c e n t r i c .  I n  F. (S.) pratensis, F. (F.) ru[a, F. (C.) exsecta, a n d  

F. (S.) picea t h e  c o r r e s p o n d i n g  c h r o m o s o m e  is  s l i g h t l y  s u b m e d i o c e n t r i c .  T h e  

f i rs t  f o u r  o r  five c h r o m o s o m e s  of  a l l  k a r y o t y p e s  a r e  s i m i l a r  i n  s ize.  A m o n g  t h e  

t en  l a r g e s t  c h r o m o s o m e s ,  o n e  is a c r o c e n t r i c  w h e r e a s  t h e  o t h e r s  a r e  m e d i o -  o r  

s u b m e d i o c e n t r i c .  I n  al l  k a r y o t y p e s  a n a l y s e d  w e  f o u n d  t h e  s m a l l e s t  c h r o m o s o m e s  

to be  s u b t e l o -  o r  s u b m e d i o c e n t r i c .  T h e  l e n g t h  of  t h e s e  c h r o m o s o m e s  a r e  i n  t h e  

r a n g e  c o m p a r a b l e  to  t h e  m i c r o c h r o m o s o m e s  of  b i r d s .  T h e r e f o r e ,  i n  t h e  s m a l l e s t  

c h r o m o s o m e s ,  t h e  p o s i t i o n  of t h e  c e n t r o m e r e  is  o b s c u r e .  

I n  F. (S.) cinerea, F. (S.) cunicularia, F. (F.) pratensis a n d  F. (F.) rufa w e  

o b s e r v e d  t h e  s a m e  t y p e  of  f a d e d  s h o r t  a r m s  w h i c h  IMAI (1969) s h o w e d  i n  F. (R.) 
sanguinea. I n  F. (F.) polyctena a n d  F. (F.) truncornm t h e r e  a r e  c h r o m o s o m e s  

w i t h  sa t e l l i t e s  (fig, 1), 
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1) F. (R.) sanguinea. 

TABLE I. - -  C h r o m o s o m e  n u m b e r s  in the  genus  Formica. CH = Switzer land,  F = France ,  
D = Wes te rn  Germany .  All local i t ies  w h e r e  no n u m b e r  of nes ts  is added one nes t  
had  been invest igated.  

TABLE I. - -  C h r o m o s o m c n z a h l e n  der  G a t t ung  Formica. CH----Schwciz, F---- F rankrc i ch ,  
D-- - -West -Deutschland .  Von F u n d o r t e n ,  bei dcnen dic Anzahl  u n t c r s u c h t e r  Nester  
n ich t  angcgeben ist, wurdc  jc ein Nest u n t c r s u c h t .  

Nunlbel"  
~ o f  d i p l o i d  

Genus  F o r m i c a  L o c a l i t y  2n i n v e s -  o r  h a p l o i d  
t i ga t ed  nuc l e i  

F. (Serviformica) cinerea Mayr . . . .  Ziir ich (CH) 
(3 nests)  54 ~?o  ~ > 1 0  

F. (S.) [usca L . . . . . . . . . . . . . . . . . .  Sur  En (CH) 
S c h w a r z w a l d  (D) 54 ~ > 10 

F. (S.) lemani Bondr  . . . . . . . . . . . .  Safiental  (CH) 54 ~ 1 
F. (S.) rufibarbis F a b r  . . . . . . . . . . .  S c h w e i z / S w i t z e r l a n d  

W e i n i n g e n  (CH) 54 d > 1 0  
F. (S.) gagates Lat r  . . . . . . . . . . . . .  Ain (F) 

J u g o s l a v i e n / Y u g o s l a v i a  54 ~ ~ > 10 
F. (S.) cunicularia Latr  . . . . . . . . . .  Ain (F) 54 c~ > 1 0  
F. (F.) picea Nyl . . . . . . . . . . . . . . . .  I l l n a u  (CH) 

(4 nes t s )  52 ~ > 1 0  
F. (Formica) rufa L . . . . . . . . . . . . .  W i n t e r t h u r ( C H )  52 ~ > 1 0  
F. (F.) polgctena Foers t  . . . . . . . . .  Andelf ingen (CH) 52 ~ > 1 0  
F. (F.) lugubris Zett  . . . . . . . . . . . . .  Schw~igalp (CH) 52 ~ > 1 0  
F. (F.) truncorum F . . . . . . . . . . . . .  Fe l le rs  (CH) 52 ~ > 1 0  
F. (F.) pratensis Retz . . . . . . . . . . .  Oss ingen  (CH) 

W e i n i n g e n  (CH) 52 ~ > 10 
F. (Coptoformica) exsecta NS1 . . . . .  Z e r m a t t ( C H )  

(2 nes t s )  
P f y n w a l d  (CH) 52 ~ > 1 0  

F. (Rapti formica) sangainea Latr . .  Malix (CH) 
Ziir ieh (CH) 52 ~ J  > 1 0  
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R e l a t i v e  D N A  a m o u n t  p e r  n u c l e u s .  

The relative DNA values per nucleus of four species belonging to three 
subgenera are shown in Table II. After testing for homoscedast ici ty using 
Bartlett 's test, the four means were compared by means of a single classification 
analysis of variance. The following independent  hypothesis were  formulated 

TABLE II.  - -  Rela t ive  DNA va lues  and  d i ame te r s  of  single nuclei  of f o u r  F o r m i c a  species 
and of  L a s i u s  ( D e n d r o l a s i u s )  f u l i g i n o s u s .  The DNA values  are correc ted  w i t h  the  
nuc leus  vo l um e  a f te r  RVTHMANN (1966). F o r  s ta t i s t iea l  p u r p o s e  the  n u m b e r s  indi -  
cated in b racke t s  are valid,  because  in each of these  ind iv idua l s  the  s a m e  n u m b e r  of 
nuclei  were  measu red .  

TABLE II .  - -  Re la t iver  DNS-Wer t  und  K e r n d u r c h m e s s e r  yon vier  F o r m i c a - A r t e n  u n d  yon  
Las iu s  ( D e n d r o l a s i u s )  f u l i g i n o s u s .  Die DNS-Werte  sind. kor r ig ie r t  m i t  dem Kern-  
v o l u m e n  nach  RUTHMANN (1966). Fi ir  die s t a t i s t i schen  Berechnungen  w u r d e  n u r  die 
in K l a m m e r n  gesetzte Anzahl  Tiere benutz t ,  well  bei j edem yon diesen die gleiche 
Anzahl  Kerne gemessen  wurde .  

Species 

Rel. DNA Number Mean diameter 
amount/nucleus of investigated of 100 nuclei 

-- standard in Bxm 
deviation ~- standard 

animals nuclei deviation 

F o r m i c a  ( S e r o i f o r m i c a )  [asca . . . . . .  0.4135-+0.0480 6 (5) 81 
F o r m i c a  ( F o r m i c a )  p o l y c l e n a  . . . . .  0.4625----.0.0656 31 (11) 234 
F o r m i c a  ( F o r m i c a )  l ugnbr i s  . . . . . .  0.5092-+0.0850 12 (7) 408 
F o r m i c a  ( R a p l i f o r m i c a )  sangu inca .  0.5433-+0.0735 8 (5) 95 
Las iu s  ( D e n d r o l a s i a s )  f a l i g i n o s u s .  0.3417-+0.0442 23 432 

0.944• 
1.013--+0.099 
1.046-+0.102 
0.971-+0.132 
0.962-+0.064 

TABLE Il l .  - -  C o m p a r i s o n s  a m o n g  the m e a n s  of the DNA values  of F o r m i c a  species. 
Resu l t s  of the  ANOVA, single classif ication,  w i th  s u m  of squa r e s  decomposed  in to  

�9 p l anned  compar i sons .  S S =  s u m  of squares ,  d f = d e g r e e  of f reedoms,  M S = m e a n  
squares .  

TABLE I I I .  - -  Vergleich der  DNS-Mit te lwer te  der F o r m i c a - A r t e n .  .Ergebnisse e iner  
V a r i a n z a n a l y s e  mi t  e in fachc r  Klass i f ikat ion,  Die zu vergle iehenden G r u p p e n  w u r d e n  
im v o r a u s  b e s t i m m t .  SS = S u m m e n q u a d r a t e ,  df  = Anzahl  Fre ihe i t sg rade ,  MS = Durch-  
s chn i t t squad ra t e .  

Source. of varianee SS df MS F 

Between species . . . . . . . . . . . . . . . . .  0.0542 3 0.0180 4.8016 (*) 

S e r v i f o r m i c a  vs. 
F o r m i c a  + R a p t i f o r m i c a  . . . . . . . .  0.0310 1 0.0310 8.2428 (*) 
F o r m i c a  vs. R a p t i f o r m i c a  . . . . . . .  0.0085 1 0.0085 2.2743 

a m o n g  F o r m i c a  . . . . . . . . . . . . . .  0.0146 1 0.0146 3.8875 

W i t h i n  species . . . . . . . . . . . . . . . . . .  0.1091 29 0.0037 

(*) Significant  a t  the 1 %  level. 
(*) Signif ikanz auf  dem 1 %  Niveau.  
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a priori : t)  Differences exist het,,we~n the subgenus  Serui[ormica on the one h a n d  
and the more  evolved snbgenera  Formicct and Rapti[ormica on the other  hand .  
2) Differences exist between the subgenera  Formica and Rapti[ormica. 3) Diffe- 
rences exist w i th in  the subgenus Formica. The ANOVA table (Table II) presents  
the data inc lud ing  the between species sum of squares decomposed into the 
p lanned  comparisons.  The resul t ing F-values << between species >> and  (~ Servi- 
[ormica versus Formica and Rapti[ormica ~> are significant at the 1 %  level. 
Evident ly  the difference of Servi[ormica vs. other subgenera  cont r ibu tes  the 
greatest amount  to the total effect of heterogeni ty  between the four species. 
The differences between the four species were tested in the a posteriori test of 
Student-Newmann-Keuls  (SoKAL and ROHLF, 1969). The result  is tabula ted  in  
Table III. There exists no obvious gap between F. ( S . )  [usca and the other  
species; however,  the t endency  is the same as in the a priori test. 

D I S C U S S I O N  

IMAI and YOStDA (1964) and IMAI (1966, 1969) reported chrontosome number s  
of six Formica species, HUNG (1969) of four. All species had the diploid chro- 
mosome numbers  of 52 or 54. In  the present  paper  the chromosome numbers  
of F. (S.) [asca, F. (S,) picea, F. (F.) trzmcorum and F. (R.) sanguinea were 
cortfirmed. In  addi t ion  to the chromosome n t , a b c r ,  the karyotype of F. (F.) 
truncorum is presented.  H~Na (lb6b) publ ished tiae mitotic figures of four species. 
In  all mitoses the major i ty  of the chromosomes seems to be medio- or submedio-  
centric.  The only karyotype  analysis  done by IMAX (1969) was on F. (R.) 
sanguinea. He claimed the karyotype as exceptional  because it is miss ing acro- 
centr ic  chromosomes, wh ich  he said are normal ly  present  in karyotypes  wi th  
large chromosome numbers .  He therefore assumed that this genus has der ived 
from an ancestor wi th  lower  chromosome number  by polyploidisat ion.  

One of I~aI 's  a rgument  for the existence of polyploidy in FormiFa is his 
statement that the karyotype of Formica might  consist of two s imi lar  sets of 
chromosomes. In  our material ,  and  to a certain extent also in  F. (R.) sanffuinea 
(IMat, 1969), it is ha rd ly  possible to ident i fy  ind iv idua l  chromosomes w h i c h  are 
smaller  than about chromosome n u m b e r  ten. Therefore it seems to us near ly  
impossible to decide whether  there are two ident ical  sets of chromosomes in  the 
haploid  set of Formica. We can confirm that in many  species the first chro- 
mosome is a well defined one as in  F. (R.) sanguinea. 

I~txI (1969) speaks of so-called << par t ia l  polyploidy >), by which  he means 
mult iple  t r isomy. Normally,  par t ia l  polyploidy seems to be a very m i n o r  
evolut ionary factor, for karyotype  analysis  in animals  shows that t r i somy leads 
to strong malformat ions  of the car r ie r  or is even lethal. The same is t rue for 
large dupl icat ions  and  deficiencies. 

The high chromosome n u m b e r  of Formica is correlated with a high DNA 
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value, h ighe r  than in species w i th  lower  chromosome numbers .  The  increased  

amount  of DNA per  nucleus might  or iginate  f rom gene ampli f icat ion ra the r  than  

f rom polyploidisa t ion.  Species w i t h  lower  chromosome numbers  than  Formica, 
as, for instance,  Lasias (Dendrolasius) [aliginosus wi th  2n = 28, have  m o r e  DNA 

per  nucleus than~expected w h e n  compared  to Formica. 
Species dif ferent ia t ion in Formica is general ly  not conduc ted  by changes in 

chromosome number,  wi th  one except ion,  namely,  F. (S.) picea. It is the only 

species of the subgenus Serviformica wi th  d ip lo id  52 instead of 54 chromosomes.  
Because of the s imilar i ty  of the chromosomes  it is impossible  to analyse w he the r  

a Rober tsonian  type of t ranslocat ion is involved.  On the level of the subgenera 

we find two groups : Serviformica wi th  2n = 54 and the other  three  subgenera  

wi th  2n----52 chromosomes.  Several  arguments  indica te  that  Serviformica is 
tbe most p r imi t ive  subgenus w i th in  the genus Formica. For  example,  there  

are no species wi th  social  paras i t ic  phase in start ing a new colony (KUTTER, 
1969). 

In contrast ,  queens of most of the species of the other  subgenera  use, at least 

optionally,  colonies of Serviformica species as hosts. Fu r the rmore ,  at least some 

Serviformica species contain endosymbion t i c  mic roorgan isms  (BucHNER, 1953; 

ffUNGEN, 1968) whi le  in the subgenera  Formica and Raptiformica only renmants  

of a fo rmer  endosymbiosis  are found (BuCHNER, 1953). Another  poin t  is that  

Serviformica shows the lowest  DNA amount  pe r  nucleus.  There fo re  it is possible 
that  the evolut ion of the genus Formica began wi th  a << Serviformica stage >) and 

that  the o ther  subgenera descended  monophyle t i ca l ly  f rom a common ancestor.  

In v iew of the fact that there  is little var ia t ion  in the chromosome numbers ,  it 
seems unl ikely that  the ch romosome numbers  of the other  three subgenera  have  

developed by paral lel  evolution.  However ,  the opposi te  hypothesis ,  that  the 

Serviformica species excluding F. (S.) picea have b ranched  f rom the main  stock 
of species wi th  2n -= 52 chromosomes,  cannot be excluded even if it looks less 
probable  than the former  hypothesis .  
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