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S U M M A R Y  

The ant species Lasius (Lasius) neglectus spee. nov. (VAN L0o~q et at., 1990) 
was sampled f rom its type locality in Budapest,  Hungary for allozyme analysis at four 
marker  loci. L. neglectus appeared to be monomorphic  but  different f rom L. alienus at 
three loci. The fourth locus, Me, was found to be polymorphic in L. neglectus and was 
used to make a prel iminary assessment  of population viscosity, intranest  relatedness,  
and mating s t ructure .  Allele frequencies turned out to be homogeneous across mother-  
m)eens, males and workers. Between sample sites, the Me allele frequencies of workers  
were more  heterogeneous and some population viscosity could be detected. The mean 
intranest  relatedness of L. neglectus was found to be very low, both  between workers  
and between workers  and males, but no indications were found that  queens are frequently 
inseminated more  than once. The analysis of worker  genotypes fur ther  showed a 
significant effect  of inbreeding. The results are generally consistent  with the observations 
about  polygyny and intranidal mating repor ted  by VAN LOON et al. (1990). Some 
striking similarities between L. neglectus and the Japanese L. sakagamii - -  the  only other  
polygynous Lasius s.s. known to science - -  are discussed. 

R E S U M E  

Une nouvelle esp/~ce polygyne de Lasi, us (Hymenoptera: Formicidae} d'Europe centrale 
!1. Confirmation allozymatique du statut spdcifique et structure sociale 

Nous avons r6colt6 des 6chantillons de Lasius (Lasius) neglectus spec. nov. dans la 
localitd type ~t Budapest ,  Hongrie, pour effectuer une analyse des allozymes. Nous avons 
dtudid quatre  loci. Trois loci de L. neglectus sont monomorphes  et diffdrents de L. alienus. 
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L'autre locus, l'enzyme malique (Me), est polymorphe chez L. neglectus. Ce locus a 6t6 uti- 
lis6 afin d'6tudier la viscosit6 de population, le coefficient de parent6 entre ouvri~res du 
m~me hid et les modalit~s d'accouplement. Les fr6quences d'al161es sont homog~nes 
entre les reines, les m~les et les ouvri~res. Les fr6quences de g6notypes chez les ouvri~res 
sont plus h6t6rog~nes entre les nids et on peut d6tecter une certaine viscosit6 de la 
population. Dans les nids de L. neglectus, le coefficient de parent6 entre ouvri6res et entre 
ouvri~res et m~les est tr~s faible. Les reines sernblent n'6tre ins6min6es que par un seul 
m~tle. L'analyse de g6notypes des ouvri~res indique aussi l'existence d'une certaine consan- 
guinit6. En g6n6ral, les r6sultats correspondent avec les observations sur le terrain 
(polyg3,nie et accouplement_dans le nid) (voir VAN LOON et al., 1990). NouN comparons 
dans la discussion la structure sociale de L. neglectus avec celle de l'unique 
autre esp~ce de Lasius s.s. polygyne connue (L. sakagamii). 

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

S p e c i e s  of  t he  genus  Lasius s.s. (or  s u b g e n u s  Lasius) a r e  a m o n g  the  m o s t  
c o m m o n  a n t s  in  t he  H o l a r c t i c  r e g i o n  (WILSON, 1955). The  h i t h e r t o  k n o w n  
E u r o p e a n  r e p r e s e n t a t i v e s  of  th is  s u b g e n u s ,  L. niger, L. alienus, L. brunneus  
a n d  L. emarginatus  t e n d  to be  b o t h  m o n o g y n o u s  a n d  m o n o d o m o u s  (e.g. 
COLLINGWOOO, 1979), b u t  p o l y d o m y  has  been  r e p o r t e d  fo r  the  m o n o g y n o u s  
N o r t h  A m e r i c a n  spec ies  L. neoniger b y  TRARIELLO a n d  LEVINGS (1986). The  
f i r s t  p o l y g y n o u s  spec i e s  of  Lasius s.s. was  on ly  r a t h e r  r e c e n t l y  d e s c r i b e d  
f r o m  J a p a n  (YAMAUCI4I a n d  HAYASHIDA, 1970). W o r k e r s  of  th i s  an t ,  L. saka- 
gamii, w e r e  s h o w n  to be  m o r p h o l o g i c a l l y  m o s t  r e l a t e d  to L. niger, b u t  to  
be  m u c h  m o r e  h a i r y  overa l l .  I n  a l a t e r  p a p e r ,  YAMAUCHI et al. (1981) r e p o r t e d  
t h a t  th i s  s p e c i e s  is b o t h  e x t r e m e l y  p o l y g y n o u s  a n d  p o l y d o m o u s  a n d  t h a t  i t  
w a s  v e r y  d i f f e r e n t  f r o m  L. niger in b e h a v i o u r  a n d  ecology.  A p a r t  f r o m  i ts  
soc ia l  o r g a n i z a t i o n ,  the  m o s t  s t r i k i n g  c h a r a c t e r s  of  L. sakagamii  a r e  i t s  
a p p a r e n t  a b i l i t y  to  m o n o p o l i z e  loca l  f l o o d p l a i n  h a b i t a t s  a n d  the  a b s e n c e  
of  d i s t i n c t  c o l o n y  b o u n d a r i e s .  

I n  t he  p r e c e d i n g  p a p e r  b y  VAN LOON et al. (1990) a n e w  p o l y g y n i c  spec ies ,  
Lasius neglectus, was  d e s c r i b e d  f r o m  B u d a p e s t ,  H u n g a r y .  The" w o r k e r s  o f  
th i s  a n t  a r e  ve ry  s i m i l a r  to L. alienus, in e x t e r n a l  m o r p h o l o g y ,  b u t  t h e i r  
f o r a g i n g  eco logy  s e e m s  to be  m o r e  l ike  t ha t  of  L. brunneus.  Also,  L. neglectus 
was s h o w n  b y  VAN LOON et al. tO m o n o p o l i z e  s u b u r b a n  h a b i t a t s  a n d  to  have  
u n c l e a r  c o l o n y  b o u n d a r i e s .  Un l ike  L. sakagamii, h o w e v e r ,  t he  n a t u r a l  d i s t r i -  
b u t i o n  of  L. neglectus is ye t  u n k n o w n .  T h e r e  a r e  s o m e  i n d i c a t i o n s  
t ha t  t h i s  a n t  w a s  i n t r o d u c e d  in to  the  B u d a p e s t  a r e a  s o m e  f i f t een  to  t w e n t y  
) e a r s  ago.  A l t h o u g h  the  m o r p h o l o g i c a l  d i f f e r e n c e s  b e t w e e n  the  s exua l s  o f  
f,. a l i enus  a n d  L. neglectus - -  as  d e s c r i b e d  in  t he  p r e c e d i n g  p a p e r  - -  a r e  
d i s t i n c t  e n o u g h  to j u s t i f y  i ts  s t a t u s  as  a s e p a r a t e  spec ies ,  i t  r e m a i n e d  u n c l e a r  
w h e t h e r  L. neglectus is i n d e e d  c lose ly  r e l a t e d  to  L. alienus a n d  w h e t h e r  t h e  
soc ia l  s t r u c t u r e  of  the  B u d a p e s t  p o p u l a t i o n  is as  s i m i l a r  to  t h a t  of  L. sakagamii  
as the  o b s e r v a t i o n a l  d a t a  of  VAN LOON et al. sugges t .  
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This paper  therefore  reports  a first and prel iminary analysis of allozyme 
variation in L. neglectus and a compar ison of the pat terns  in this species 
with those in sympatr ic  populations of four other  species of the subgenus 
Lasius and a fifth - -  probably also new - -  species that has not  yet been 
proper ly  named.  The data of one polymorphic  enzyme-locus  are used to 
assess some details on intranest  relatedness, populat ion viscosity (HAMILTON, 

1964) and mat ing structure.  

M E T H O D S  

Individuals of Las ius  neg lec tus  were sampled from nests at the type locality, which 
is the garden around the Company for the Development of Fruit  and Ornamental  Product ion 
in the Budat6t6ny quar ter  of the city of Budapest,  Hungary (see VAN LOON et al, 
1990). Samples of workers  and, if present,  sexual ants were collected in July 1987, July 
1988 and July 1989. The different samples (minimal distance ca 10 m) represent  separa te  
nests  in an assamblage which is likely to be a mosaic of polyd0mous colonies (see also 
VAN LOON et al., 1990). As shown in f igure  1, the different sets of samples cover 
the entire dis t r ibut ion area of this ant and are thus considered to be representative.  
In 1989, twenty samples were deliberately taken in a gradient - -  s tart ing at the type- 

- ' 3 _ .  ' ~ f  
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Fig. 1 . -  Distr ibution in 1988 of Lasius  neglec tus  in Budapest  (see also fig. 1 in VAN 
LOON et al., 199G), where numbers  refer to the nests sampled in 1988. The 
1987 and 1989 sample sites were only approximately recorded and are indicated 
by the hatched areas (dashed and solid margins, respectively). The 1989 sampling 
area is approximately the same as the type locality in VAN LOON et al. (1990). 
The 20 addit ional samples taken in 1989 in a gradient from the type locality to the 
periphery are also indicated. 

Fig. 1. - -  Distr ibution de Lasius  neglectus ,  en 1988 h Budapest  (voir aussi la fig. 1 de 
l 'article VAN LOON et al., 1990; les num~ros font r~f6rence aux nids 6chan- 
tillonn6s en 1988. Les nids 6chantillonn6s en 1987 et 1989 ont 6t6 localis6s 
approximat ivement  et sont indiqu6s par  une zone hachur6e (d61imit6e respective- 
ment  par  un trait  discontinu et continu). Les 6chantillons de 1989 ont  6t6 pr61ev6s 
~t peu pr6s dans la localit6 type telle qu'elle est indiqu6e par  VAN Loon et al., 1990. 
Les vingt 6chantillons suppl6mentaires pr61ev6s en 1989 selon un gradient h par t i r  
de la localit6 type vers la p6riph6rie, sont 6galement indiqu6s. 
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locality and extending towards the margin of the current distribution - -  to assess 
whether there was any systematic pattern in allele-frequencies along this inferred 
colonization gradient. The samples of the five sympatric Lasius s.s. species were 
collected in July 1989 at various localities in and around Budapest. 

Nest samples were either stored alive at 5 ~ C or frozen at -60 ~ C until used for 
starch-gel electrophoresis. For that purpose whole males and the head plus mesosoma 
of workers and gynes were ground in 25, 15 and 50 I~l distilled water, respectively. The 
homogenate was then absorbed o~to 4 • 11 mm pieces of Whatman 3MM filter paper 
before being inserted in the (horizontal) gels. Four enzyme systems, Malic enzyme (Me), 
Esterase (Est-2), anedal Malate dehydrogenase (Mdh) and Phosphoglucomutase (Pgm) 
were analysed, using buffer systems and staining techniques of MENKEN (1982). 

R E S U L T S  

The  c o m p a r a t i v e  ana lys i s  of  a l l o z y m e  v a r i a t i o n  in  t he  E u r o p e a n  spec i e s  
of  t h e - s u b g e n u s  Lasius (table I) s h o w e d  t h a t  L. neglectus is v e r y  d i s t i n c t  
f r o m  al l  i t s  c o n g e n e r i c s .  I t  ha s  t he  u n i q u e  101- a n d  107-allele fo r  Me a n d  
Pgm, r e s p e c t i v e l y ,  a n d  can  a l so  be  r e a d i l y  i d e n t i f i e d  f r o m  the  f ixed  95- 
a l l e l e f o r  Est-2. I n  fact ,  b o t h  L. neglectus a n d  the  ye t  u n n a m e d  " s p e c i e s - l "  
t e n d  to  b e  m o r e  d i f f e r e n t  f r o m  the  o t h e r  spe c i e s  t h a n  the  o t h e r  spec i e s  
d i f f e r  a m o n g  t h e m s e l v e s .  H o w e v e r ,  a l so  the  o t h e r  Lasius spe c i e s  have  t h e i r  
o w n  u n i q u e  c o m b i n a t i o n  of  a11ozymes: L. alienus is c h a r a c t e r i z e d  b y  fas t  
a l l e les  fo r  b o t h  Est-2 a n d  Mdh, L. niger b y  i t s  p o l y m o r p h i s m  for  Me w i t h  
a r e l a t i v e l y  h igh  p r o p o r t i o n  of  s low a l le les ,  L. brunneus has  a u n i q u e  fas t  
a l l e l e  fo r  Pgm a n d  L. emarginatus c o m b i n e s  a l i m i t e d  p o l y m o r p h i s m  for  Est-2 
w i t h  a v i r t u a l l y  m o n o m o r p h i c  Me- locus .  

The  o v e r a l l  d i s t r i b u t i o n  of  L. neglectus g e n o t y p e s  fo r  the  p o l y m o r p h i c  
Me- locus  is g iven  in table II. S i g n i f i c a n t  d e v i a t i o n s  of  n e s t - s a m p l e s  f r o m  the  
o v e r a l l  g e n o t y p e - f r e q u e n c i e s  o b s e r v e d  in the  r e s p e c t i v e  se t s  of  s a m p l e s  
w e r e  p r e s e n t  b u t  p r o v e d  to be  r e l a t i v e l y  r a r e ,  e s p e c i a l l y  if  one  b e a r s  in 
m i n d  t h a t  a c e r t a i n  a m o u n t  of  " s i g n i f i c a n t  d i f f e r e n c e s "  t e n d  to  a p p e a r  b y  
c h a n c e  in  m u l t i p l e  c o m p a r i s o n s  l ike  th is .  S t i l l ,  the  p o o l e d  h e t e r o g e n e i t i e s  
p e r  se t  of  s a m p l e s  w e r e  s i g n i f i c a n t  fo r  t he  w o r k e r - d a t a :  G = 66.95 (df  = 22; 
P < 0.001) in  1987, G = 105.78 (df  = 38; P < 0.001) in  1988 a n d  G = 98.33 
(dr  --  64; P < 0.01) in 1989. In  q u e e n s  a n d  ma les ,  h o w e v e r ,  t he  ne s t  d e v i a t i o n s  
in g e n o t y p e  d i s t r i b u t i o n  w e r e  even less  p r o n o u n c e d  t h a n  in  w o r k e r s ,  and  
the  o v e r a l l  h e t e r o g e n e i t y  was  no t  s i g n i f i c a n t  (ma les :  G ---- 18.76, df  -= 14, 
P ~ 0.1; q u e e n s :  G --  17.38, df  = 20, P ~ 0.5). 

The  d e v i a t i n g  f r e q u e n c i e s  in p a r t  of  the  w o r k e r - s a m p l e s  s u g g e s t s  t ha t  
t h e r e  c o u l d  b e  s o m e  v i scos i ty  in  th i s  p o p u l a t i o n  due  to  e.g. l i m i t e d  d i s p e r s a l .  
To i n v e s t i g a t e  th i s  in s o m e w h a t  m o r e  d e t a i l  w e  a l so  a n a l y s e d  the  1988 
p a t t e r n  o f  g e n o t y p i c  v a r i a t i o n  a m o n g  n e s t s  b y  r e g r e s s i n g  the  ge ne t i c  i d e n t i t y  
IuE of  w o r k e r s  o f  each  p a i r  of  s i t es  a g a i n s t  t he  m e t r i c  d i s t a n c e  b e t w e e n  
t h e m  (see  PAMILO a n d  ROSENGREN, 1984). This  r e g r e s s i o n  w a s  f o u n d  to be  
n o n - s i g n i f i c a n t  if  a l l  p o s s i b l e  p a i r s  of  s i t es  w e r e  i n c l u d e d  ( s lope  = -0 .013;  
P > 0.5), b u t  t u r n e d  ou t  to  be  s i g n i f i c a n t  w h e n  the  a n a l y s i s  w a s  r e s t r i c t e d  



A L L O Z Y M E  V A R I A T I O N  I N  L A S I U S  N E G L E C T U S  SPEC.  N O V .  367 

Table I. - -  Allele frequencies at  four  marke r  loci, Malic enzyme (Me), Esterase  (Est-2), 
anodal  Malate  dehydrogenase  (Mdh) and Phosphoglucomutase  (Pgm) in workers  
of the  new species Lasius neglectus and its five congeneric  species of the  subgenus 
Lasius. Sample  size (n) refers to worker -number  wi th  n u m b e r  of colonies in brackets .  
All a l lozyme-numbers  refer  to the relative dis tance to the  mos t  c o m m o n  100-allele 
in L. niger. 

Tableau I. - -  Frdquences alldlique pour  l 'Enzyme Malique (Me), l 'Es terase  (Est-2), la Malate 
dehydrogenase  arrodal (Mdh) et la Phosphoglucomutase  (Pgm) chez tes ouvri6res de 
la nouvelle esp6ce Lasius neglectus et de cinq esp6ces congdn6riques de Lasius. 
n repr6sente  la taille de l '6chanti l lon (nombre  d 'ouvriSres trai tdes et  n o m b r e  de 
colonies en t re  parentheses) .  Les chiffres relat ifs  aux allozymes repr6sen tan t  la 
dis tance relat ive h l'all~le 100 le plus c o m m u n  chez L. niger. 

allele L. neglectus L. alienus L. niger L. emarginatus L. brunneus L. 1 * 

Me 

Est-2 

Mdh 

Pgm 

96 - - - -  0.01 0.17 0.01 1.00 
100 0.84 0.99 0.83 0.99 1.00 - -  - -  
I01 0.16 . . . . . . . .  

439 (30) 66 (7) 56 (9) 118 (10) 139 (11) 166 (13) 

85 . . . . . . . .  0.28 
9 0  . . . . . . . .  0 . 2 8  

95 1.00 . . . . . .  0.37 
100 0.07 0.66 0.85 - -  - -  0.06 
105 - -  - -  0.25 0.15 . . . .  
II0 - -  - -  0.93 0.10 . . . .  

248 (23) 22 (3) 151 (14) 132 (12) 89 (8) ** 203 (17) 

96 0.09 - -  - -  0.26 0.17 0.23 
100 1.00 0.87 1.00 0.74 0.83 0.77 
104 - -  - -  0.03 . . . . . .  

263 (29) 74 (8) 66 (7) 146 (12) 141 (11) 160 (13) 

100 - -  - -  1 . 0 0  1 . 0 0  1 . 0 0  1 . 0 0  

107 1.00 . . . . . . . .  
110 . . . . . . . .  1 . 0 0  - -  

59 (6) 1 (I) 11.2 9 (3) 31.3 5 (2) 

* Another  Lasius ss. species of unknown  s ta tus  (species 1 in Agosti and  Collingwood, 
1987). 

** Est-2 could never  be  s ta ined for L. brunneus. The slower system Est-1, however,  
was active bu t  monomorph ic  in all sampled colonies of L. brunneus. The" only o ther  
species which  had  Est-1 was L. emarginatus. Here the  system was polymorphic,  
showing three  alleles at  frequencies of 0.66, 0.27 and  0.07 (from slow to fast). The rare  
fast  allele was  the  same as the one in L. brunneus. 

t o  d i s t a n c e s  b e l o w  500 m ,  e x c l u d i n g  m o s t  s a m p l e s  f r o m  o u t s i d e  t h e  g a r d e n  

a r o u n d  t h e  C o m p a n y  f o r  t h e  D e v e l o p m e n t  o f  F r u i t  a n d  O r n a m e n t a l  P r o d u c t i o n  

( s l o p e  = -0 ,599 ;  P < 0.001 o n e - t a i l e d ) .  

W e  a l s o  t e s t e d  f o r  p a t t e r n s  i n  t h e  a l l e l e - f r e q u e n c i e s  a l o n g  t h e  1989 

g r a d i e n t  o f  s a m p l e s  ( f r o m  c e n t e r  t o  p e r i p h e r y ) .  I t  a p p e a r e d  t h a t  t h e  

f r e q u e n c y  o f  t h e  Me-100 a l l e l e  i n c r e a s e d  s i g n i f i c a n t l y  w i t h  t h e  d i s t a n c e  

o f  t h e  s a m p l e s  f r o m  t h e  t y p e  l o c a l i t y  (P  < 0.001),  s u c h  t h a t  o n l y  100 /100  

n e s t s  w e r e  f o u n d  a t  t h e  e n d  o f  t h e  g r a d i e n t .  T h i s  c o n f i r m e d  o u r  e a r l i e r  

i m p r e s s i o n  f r o m  t h e  1988 s a m p l e s  (table I I ) ,  w h e r e  a l s o  a n u m b e r  o f  t h e  
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T a b l e  I I .  - -  G e n o t y p e  d i s t r i b u t i o n  a t  t h e  M a l i c  e n z y m e  (Me) l o c u s  f o r  w o r k e r s ,  m a l e s  

a n d  q u e e n s  o f  Lasius neglectus i n  s a m p l e s  t a k e n  i n  J u l y  1987,  J u l y  1988,  a n d  J u l y  1989 

a t  t h e  s i t e s  i n d i c a t e d  i n  f i g .  1. S i g n i f i c a n t  d e v i a t i o n s  o f  s a m p l e s  f r o m  t h e  o v e r a l l  

g e n o t y p e  f r e q u e n c y  a r e  i n d i c a t e d  ( G - t e s t s ;  *: P < 0 .05 ;  ***: P < 0 . 0 0 1 ) .  

T a b l e a u  I I .  - -  D i s t r i b u t i o n  d e s  g 6 n o t y p e s  p o u r  l ' e n z y m e  m a l i q u e  (Me) c h e z  l e s  o u v r i ~ r e s ,  

m ~ l e s  e t  r e i n e s  d e  Lasius neglectus d a n s  d e s  6 c h a n t i l l o n s  r 6 c o l t 6 s  e n  j u i l l e t  1987,  

j u i l l e t  1988 e t  j u i l l e t  1989 a u x  19_cal i t6s  i n d i q u 6 e s  d a n s  l a  f i g .  1. L e s  d 6 v i a t i o n s  

s i g n i f i c a t i v e s  d ' 6 c h a n t i l l o n s  p a r  r a p p o r t  h l a  f r 6 q u e n c e  g 6 n o t y p i q u e  g 6 n 6 r a l e  s o n t  

i n d i q u 6 e s  ( G - t e s t s ;  * :  P < 0 , 0 5 ;  * * * :  P < 0 ,001 ) .  

n e s t  q u e e n s  w o r k e r s  m a l e s  

1 0 0 / 1 0 0  1 0 0 / 1 0 1  1 0 1 / 1 0 1  1 0 0 / 1 0 0  1 0 0 / 1 0 1  1 0 1 / 1 0 1  I 0 0  101 

87 - A ~ - -  - -  4 I 0  0 *** - -  

87 - B - -  - -  - -  13 2 0 - -  - -  

87 - C - -  - -  - -  2 0 0 - -  - -  

87 - D 19 3 0 28  0 0 *** 6 0 

87 - E - -  - -  - -  16 2 0 - -  - -  

87  - F 1 0 0 15 1 0 - -  

87  - G - -  - -  - -  34  6 6 - :  - - .  

87  - H ~ - -  - -  5 2 2 - -  - -  

8 7 -  I ~ - -  - -  7 5 2 - -  - -  

87 - J - -  - -  ~ 9 4 3 ~ - -  

87 - K ~ - -  - -  10 9 1 - -  - -  

88 - 2 - -  - -  - -  7 3 0 2 1  3 

88 - 3 - -  - -  - -  10 2 2 21 3 

88 - 4 - -  - -  - -  1 5  2 0 8 2 

88 - 5 - -  - -  - -  18 4 0 16 0 * 

88 - 7 - -  - -  - -  14 2 0 1 1 

88 - 8 - -  - -  - -  19 8 0 * 16 4 

88 - 9 - -  - -  - -  7 0 1 23  3 

88 - 13 - -  - -  - -  5 0 0 18 0 * 

88 - 14 - -  - -  - -  10 0 0 13 3 

88 - 17 - -  - -  - -  1 0  3 2 2 1  8 

88 - 1 8  - -  - -  - -  1 6  2 1 2 1  4 

88 - 22  - -  - -  - -  13 1 3 - -  - -  

88 - 24  - -  - -  - -  12 0 0 * - -  - -  

88 - 25 - -  - -  - -  7 0 0 7 -  - -  

88 - 28  - -  - -  - -  7 0 7 *** - -  - -  

88 - 30  - -  - -  - -  9 2 1 ~ - -  

88 - 31 - -  - -  - -  1 1 0 - -  

88 - 32  - -  - -  - -  4 0 0 - -  - -  

88 - 3 7  - -  - -  - -  0 I 0  0 ~ * *  - -  - -  

8 9 -  A 6 1 0 3 0 0 - -  - -  

89 - B 8 0 0 9 0 0 - -  - -  

89  - C I 0  4 0 3 0 0 - -  - -  

8 9 -  D - -  - -  ~ 7 1 1 - -  - -  

89 - E 8 0 0 2 0 0 - -  

8 9 -  F 4 I 0 6 0 0 - -  - -  

89  - G . . . .  10 2 0 - -  

89  - H 9 1 0 3 0 0 13 3 

8 9 - I  . . . .  1 3 0 *  - -  - -  

89  - J . . . .  5 0 0 - -  - -  

8 9 - K  6 1 2 *  10 3 3 *  5 1 

89 - L I 0  2 0 6 4 0 - -  - -  
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8 9  - g l  - -  - -  - -  9 4 0 - -  - -  

8 9  - g 2  - -  - -  - -  2 2 0 - -  - -  

8 9  - g 3  - -  - -  - -  1 0  3 3 * - -  - -  

8 9  - g 4  - -  - -  - -  4 2 0 - -  - -  

8 9  - g 5  - -  - -  - -  2 3 0 - -  - -  

8 9  - g 6  - -  - -  - -  7 0 0 - -  - -  

8 9  - g7 - -  - -  - -  I1 6 0 - -  - -  
89 - g8 - -  - -  - -  7 2 0 - -  - -  
89 - g9 - -  - -  - -  12 0 0 - -  - -  
89 - gl0 - -  - -  - -  7 0 0 - -  - -  
89 - g l l  - -  - -  - -  8 2 0 - -  - -  
89 - 912 . . . . .  4 I 1 - -  - -  
89 - g13 7 - -  - -  6 0 0 - -  - -  
89 - g14 - -  - -  - -  12 0 0 - -  - -  
89 - g15 - -  - -  - -  7 1 0 - -  - -  

8 9  - g 1 6  - -  - -  - -  1 0  0 0 ~ - -  

8 9  - g 1 7  - -  - -  - -  i 0  0 0 ~ - -  

8 9  - g 1 8  - -  - 7  - -  9 0 0 - -  - -  

8 9  - g19 - -  - -  - -  12 0 0 ~ - -  

8 9  - g 2 0  - - -  - -  I 0  0 0 - -  - -  

o u t e r m o s t  n e s t s  c o n t a i n e d  o n l y  100 /100  i n d i v i d u a l s .  R e g r e s s i o n  o f  g e n e t i c  

i d e n t i t y  IMp. o n  r a n k e d  d i s t a n c e  a l o n g  t h e  g r a d i e n t  w a s  m a r g i n a l l y  s i g n i f i c a n t  

( s l o p e  = -0 .0017 ;  P < 0.1 o n e - t a i l e d  t e s t ) .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  

p o p u l a t i o n  v i s c o s i t y  d o e s  o c c u r  i n  t h i s  L. neglectus p o p u l a t i o n ,  b u t  t h a t  i t s  

d e t e c t i o n  a p p a r e n t l y  d e p e n d s  o n  t h e  s c a l e  o f  o b s e r v a t i o n  a n d  t h e  d e n s i t y  

o [  s a m p l i n g .  

O f  t h e  q u e e n s  c o l l e c t e d  i n  n e s t  D in  1987 ( s e e  table II), e l e v e n  d e a l a t e d  

i n d i v i d u a l s  s u r v i v e d  r e a r i n g  i n  i s o l a t i o n  t o  p r o d u c e  a w o r k e r  b r o o d  o n  t h e i r  

o w n .  A f t e r  t h a t ,  a l l o z y m a t i c  m o t h e r - o f f s p r i n g  a n a l y s i s  w a s  p e r f o r m e d  t o  

c h e c k  t h e  c o n s t a n c y  o f  a l l e l e  f r e q u e n c i e s  a c r o s s  g e n e r a t i o n s  a n d  t o  s e e  

w h e t h e r  m u l t i p l e  m a t i n g s  c o u l d  b e  d e t e c t e d .  T h e  r e s u l t s  (table III) s u g g e s t  

t h a t  t h e  q u e e n s  w e r e  s i n g l y  i n s e m i n a t e d ,  s i n c e  a l l  o f f s p r i n g  o f  h o m o z y g o u s  

m o t h e r s  h a v e  t h e  s a m e  g e n o t y p e  a n d  t h e  o f f s p r i n g  o f  h e t e r o z y g o u s  q u e e n s  

c o n s i s t  o f  c a  5 0 %  h o m o z y g o t e s  a n d  5 0 %  h e t e r o z y g o t e s .  F u r t h e r m o r e ,  i t  w a s  

f o u n d  t h a t  t h e  a l l e l e  f r e q u e n c i e s  w e r e  t h e  s a m e  f o r  t h e  i n f e r r e d  s i n g l e  f a t h e r s ,  

m o t h e r s  a n d  o f f s p r i n g  i n v o l v e d  in  t h e  s a m p l e  o f  table III, a n d  t h a t  t h e s e  

f r e q u e n c i e s  r a t h e r  a c c u r a t e l y  r e f l e c t e d  t h o s e  f o u n d  i n  t h e  s a m p l e s  o f  t h e  

m a t u r e  n e s t s  (table IV). 
F i n a l l y ,  t h e  r e g r e s s i o n  c o e f f i c i e n t  o f  r e l a t e d n e s s  b e t w e e n  w o r k e r s  (b',) 

a n d  b e t w e e n  w o r k e r s  a n d  m a l e s  (b' mO w a s  e s t i m a t e d  f o l l o w i n g  t h e  c a l c u l a t i o n  

p r o c e d u r e  o f  PAMILO a n d  CROZIER (1982).  B e c a u s e  o f  t h e  s u b s t a n t i a l  u n p l a n n e d  

v a r i a t i o n  i n  t h e  n u m b e r  o f  i n d i v i d u a l s  c o l l e c t e d  f o r  e l e c t r o p h o r e s i s  ( s ee  

table II) w e  o n l y  u s e d  e s t i m a t e s  w e i g h t e d  b y  s a m p l e  s ize .  S t a n d a r d  e r r o r s  

o f  b '  w e r e  e s t i m a t e d  w i t h  a j a c k k n i f e  m e t h o d  a c c o r d i n g  t o  CROZIER et al. 
(1984) .  R e l a t e d n e s s  b e t w e e n  w o r k e r s  (b ' n )  w a s  e s t i m a t e d  t o  b e  0.138 -+ 0.052 

f o r  t h e  p o o l e d  s a m p l e s  o f  1987 a n d  1988 (n  = 30) a n d  0.140 - 0.037 f o r  t h e  

1989 s a m p l e s  ( n  = ]2 ) .  B o t h  e s t i m a t e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  
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Table III .  - -  Genotype distribution at the Malic enzyme (Me) locus for eleven dealate 
queens of Lasius neglectus and their worker  offspring. All queens were f rom nest 
87-D (see table II). The inferred paternal genotypes are also given, under the 
assumption that  all queens were singly inseminated. 

Tableau III .  - -  Distribution des g6notypes de l 'enzyme malique (Me) pour  onze reines 
d6sail6es de Lasius neglectus et leurs ouvri6"res filles. Toutes les reines sont 
du hid 87-D (voir tableau I1). Les g6notypes paternels d6duits sont donn6s 
aussi en supposant que toutes les reines sont ins6min6es une seule fois. 

Queen genotype Worker-offspring genotypes Inferred paternal genotype 

100/100 lo0/101 

100/lo0 10 0 100 
100/lo0 8 0 lo0 
lo0/lo0 6 0 100 
100/lo0 6 0 100 
100/100 5 0 lo0 
100/100 3 0 100 
100/100 0 6 101 
100/100 0 3 101 
100/101 4 3 100 
lo0/101 2 5 100 
100/101 3 3 100 

Table IV. - -  Frequencies of the most common (100) allele of Malic enzyme (Me) according 
to est imates in the various samples of table II and III. 

Tableau IV. - -  Fr6quences de l'all6le le plus commun (100) h l 'enzyme malique (Me) 
selon des estimations dans les 6chantillons de tableau II  et I l i .  

Queens collected in 1987 and 1989 (table II) 

Eleven reared queens (table III) 

Workers collected in 1987 and 1988 (table II) 

Workers collected in 1989 (table II) 

Workers reared experimentally (table I I I )  

Males collected in 1987, 1988 and 1989 (table II) 

Inferred fathers of reared workers (tab!e III)  

0.911 

0.864 

0.837 

0.899 

0.851 

0.853 

0.818 

in  o n e - t a i l e d  t e s t s  (P < 0.01 a n d  < 0.001, r e s p e c t i v e l y ) .  H o w e v e r ,  t h e  L. ne- 
g l ec tus  w o r k e r s  w e r e  a l so  i n b r e d  to  s o m e  e x t e n t  ( w e i g h t e d  F = 0.323 _ 0.111 

f o r  t h e  1987/1988 s a m p l e s  a n d  0.211 - 0.126 f o r  t h e  1989 s a m p l e s .  T h i s  i m p l i e s  

t h a t  t h e  e x p e c t e d  v a l u e  o f  b 'n  in  t h e  a b s e n c e  o f  i n b r e e d i n g  w o u l d  b e  e v e n  

l o w e r  t h a n  0.14 (PAmLO, 1985). T h e  r e l a t e d n e s s  b e t w e e n  w o r k e r s  a n d  m a l e s  

(b'mf) w a s  f o u n d  t o  b e  a b o u t  z e r o  (0.014 ___ 0.020 ; n = 14). 
T h e  m e a n  g e n e t i c  r e l a t e d n e s s  w a s  a l s o  e s t a m i t e d  f o r  w o r k e r s  f r o m  p a i r s  

o f  n e i g h b o u r i n g  n e s t s .  F o r  t h e  1988 s a m p l e s ,  t h i s  w a s  d o n e  s e p a r a t e l y  f o r  

f i ve  p a i r s  o f  v e r y  c l o s e  n e s t s  ( d i s t a n c e  < 35 m)  a n d  14 p a i r s  o f  m o d e r a t e l y  

d i s t a n t  n e s t s  ( d i s t a n c e  < 500 m) ,  b u t  in  b o t h  c a s e s  b 'n  w a s  f o u n d  t o  b e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  (0.06 -+ 0.10 a n d  - 0.01 - 0.05, r e s p e c t i v e l y ) .  
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The ne ighbour ing  nests in the 1989 gradient  p roduced  
(b'~ = 0.09 - 0.06).. 

D I S C U S S I O N  

a s imilar  resul t  

The resul ts  of table I show that  Lasius neglectus can be d iscr imina ted  
f rom sympa t r i c  popula t ions  of L. atienus and o ther  congenerics  by  at least  
one diagnost ic  allozyme. This is sufficient to con f i rm  its s ta tus  as a 
separa te  species and the same a rgumen t  can be made  for  the yet  u n n a m e d  
"spec ies  1". I t  also indicates that  L. neglectus is not  very closely re la ted  
to its morphologica l ly  mos t  s imilar  congener  L. aIienus, and tha t  the evolution 
of the neglectus polygyny syndrome is not  a very recent  event  as e.g. in the 
Nor th  Amer ican  popula t ions  of the fire ant Solenopsis invicta (Ross and 
FLETCHER, 1985). 

Offspr ing genotypes  are maximal ly  he te rogeneous  when  they all have 
the same m o t h e r  and fa ther  within families (or colonies or  nests),  bu t  
d i f ferent  pa ren t s  across families. The pa t t e rn  given in table III resembles  
this theoret ical ly  expected heterogenei ty  for  haplodiploid  full sib families very 
closely, i.e. o f fspr ing  are ei ther  all homozygous  or  half  homozygous  and half  
heterozygous.  Examples  of s imilar  offspr ing genotype-dis t r ibut ions  are given 
by VAN DER HAVE et al. (1988) for bo th  incipient  and  m a t u r e  colonies of 
L. niger. In  cases like that,  G-tests on nest-samples  of s imilar  size as the ones 
in table II general ly yield significant deviations f r o m  the overal l  genotype 
f requency  in abou t  90% of the nests (P < 0.001 in 70% of the nests).  
Obviously,  the heterogenei ty  of genotypes across m a t u r e  nests  of L. neglectus 
(table II) is m u c h  less pronounced,  i.e. the genotype f requencies  in mos t  
of the separa te  nests  jus t  seem to reflect  the genotype f requencies  in the 
popula t ion  as a whole. The mos t  powerfu l  m e c h a n i s m  to induce such relative 
homogene i ty  in eusocial H y m e n o p t e r a  is a combina t ion  of polygyny and 
re laxat ion of colony-to-colony agression, and in fact ,  the pa t t e rn  of w o r k e r  
genotypes  given in table II is very s imilar  to genotype d is t r ibut ions  repor ted  
for polygynous Formica ants by PAMILO (1982a) and  PAMILO and" ROSENGREN 
(1983, 1984). 

I f  we c o m p a r e  figure 1 and table II, it seems tha t  deviat ing allele fre- 
quencies (all homozygotes  in nest  24 and 28 and ali he terozygotes  in nest  
37) occur red  mos t ly  towards  the margins  of the cu r ren t  dis t r ibut ion.  As the 
deviat ions occur  in bo th  directions, this could pe rhaps  ref lect  a lesser  
degree of polygyny,  due to a ra ther  recent  colonisat ion of these bounda ry  
areas.  In  tha t  case we should also expect to f ind more  he te rogeneous  
genotype-dis t r ibut ions  at the recent ly  colonised, bu t  yet  isolated spots  in 
o ther  pa r t s  of Budapes t  (see fig. 1, in VAN LOON et:al., 1990). Such 
i r regular i t ies  are likely to be  at least  par t ly  respons ib le  for  the fact  tha t  
the cor re la t ion  be tween  genetic ident i ty of nests  and  met r i c  dis tance disap- 
pears  if the larger  met r ic  distances are included in the analysis.  
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The da ta  of  table I I I  suggest  that  single mat ing  is the rule  in L. neglectus. 
I t  is i m p o r t a n t  to realize, however ,  tha t  the chance  to detect  a second 
mat ing  is re la t ivey low f rom data  of only one po lymorph !c  marker - locus  
wi th  two unequal ly  represen ted  alleles and involving smal l  n u m b e r s  of 
progeny.  The precise  chance of detection,  calculated for  the da ta  in table I I I  
under  the a s sumpt ion  of equal  represen ta t ion  of pa t e rna l  genotypes,  was  
found  to be  0.133 (see PAMILO, 1982b and VAN DER HAVE et al., 1988 for  
methodology) .  Accordingly, if all eleven queens of  table I I I  would have been 
doubly inseminated ,  we would have expected to obse rve  1-2 double  mat ings  
in this da ta  set. The fact  that  not one double ma t ing  was observed  suggests 
that  it is unl ikely tha t  more  than four  of the queens of table I I I  were  doubly 
inseminated.  We thus tentively conclude that  single insemina t ion  prevai ls  in 
L. neglectus. 

The rela t ively high es t imate  for  inbreeding and  the low es t imate  for  
re la tedness  a m o n g  nes tma tes  deserve s o m e  fu r the r  discussion.  PAMILO (1985) 
derived equat ions  which express worker - re la tedness  as a funct ion of the 
inbreeding-coeff icient ,  the f requency of in t ranidal  ma t ing  and  the n u m b e r  
of  (equally contr ibut ing)  egg-laying queens. He concluded that  re la tedness  
among  nes tma te -worke r s  is not  much  affected by in t ran ida l  mat ings  if the 
nest  shar ing queens  are unrelated,  but  that  re la tedness  a m o n g  worker-off-  
spr ing increases  more  rapidly at increasing f requency  of in t ranidal  mat ing  
when queens  ar ise  as nes tmates  and are related to some extent .  I f  we apply 
Pamilo 's  model  which assumes  nest-queens to be unre la ted ,  there  appea r s  
to be no solut ion tha t  fits the condit ions that  bo th  the f requency  of intrani- 
dal ma t ing  (~) is ~ 1 and that  b'~ and F are within the 95% confidence limits 
of our  combined  es t imates .  The closest fit one can get is the combina t ion  

= 1, b'f~ = 0.25 and F = 0.10, which yields a mean  n u m b e r  of queens of 
3.2. Obviously,  this scenario is unl ikely to apply  to the Budapes t  popula t ion  
of L. neglectus. I t  would require  a massive  nupt ia l  flight in which only the 
queens  par t ic ipa te ,  a f te r  being inseminated  in their  colonies of  origin (~ = 1). 
As r epo r t ed  by VAN LOON et al. (1990), it is precisely the appa ren t  
lack of a (queen-) nupt ial  flight which seems to charac te r ize  L. neglectus. 
We note, however ,  tha t  this might  not  prec lude  all migra t ion  o f  queens,  as 
it is a lways possible  that  ma ted  queens walk to o the r  ne ighbour ing  nests.  
There  is also the - -  perhaps  unlikely - -  possibi l i ty that  some flights might  
occur  at  night.  

We also appl ied  PAMILO'S (1985) model  for  re la ted  nest-queens to our  
empir ica l  data .  Assuming single inseminat ion  th roughout ,  and  using our  
es t imated  means  and  SE's  for  b'f~ and F, it was possible  to infer  the relation- 
ship be tween  the f requency  of intranidal  mat ing  and  the n u m b e r  of  egg-laying 
queens pe r  nest  (n). Our empir ica l  resul ts  could not  be f i t ted into this 
model  when  ~ ----- 1 (n becomes  ~ ) .  However ,  as shown in 1igure 2, nearly 
exclusive in t ran ida l  mat ing  would require  hundreds  of  coexist ing nest  
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queens, to end up with our  estimates for offspring relatedness and inbreeding. 
If  50% of the males would fly off to mate elsewhere, the inferred number  
of nest-queens is still in the order  of fifteen. In  the unlikely case that  the 
intranidal mat ing observed by VAN LOON et al. should appear  to be a rare  
phenomenon after  all, the inferred number  of nest-queens comes out  at 
a round eight. As the assumption of this model  - -  that  queens arise as 
nestmates and have at least some relatedness towards  each other  - -  seems 
realistic for L. neglectus, we conclude that our  estimates on relatedness 
and inbreeding can indeed be broadly explained by a combinat ion of polygyny 
and intranidal mating. We note, however, that  the PAMILO model  used here 
does not take into account  mixing of workers  between nests. Thus, workers  
that were not born  in the nest where they were sampled give no informat ion 
on the number  of queens in that part icular  nest. I t  seems likely that  worker  
migrat ion between "nests will occur  in L. neglectus, but  the extent to which 
this might affect the inferred relationship of figure 2 remains to be seen. 

As ment ioned already in the introduction, one other  polygynous species 
of the same subgenus, L. sakagamii, has been studied in Japan (YAMAUCgI 
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Fig. 2. - -  I n f e r r e d  relat ion- 
ship  be twe en  the n u m b e r  
of nes t -queens  (n) and  
the f requency  of in t ran ida l  
ma t i ng  (~), accord ing  to 
the model  fo r  nes t -mate  
( re la tedness  > 0) queens  
by Pamilo  (1985), apply ing  
the m e a n  and  SE of re- 
la tedness  and  inbreed ing  
found  for  w o r k e r s  of  La- 
sius neglectus (0.139 4- 
0.031 and  0.267 _ 0.084, 
respectively).  All nest-  
queens  are  a s s u m e d  to be 
singly in semina ted  and  to 
con t r i bu t e  equally to the  
o f f sp r ing  in the nest .  
The u p p e r  l imit  of  the 
shaded  " p seudo  confi- 
dence r eg ion"  was  calcu- 

lated by tak ing  the mean  + one SE for  F and the m e a n  - -  one  SE for  b'g~. The 
lower  l imit  applies  to the reverse  s i tuat ion,  i.e. the m e a n  - -  one SE for  F and  the 
mean  + one SE for  b'ff. 

Fig. 2. - -  D6duct ion  des re la t ions  ent re  le n o m b r e  de re ines  dans  les n ids  (n) et la 
f rdquence  des accoup lements  in t r an idaux  (~) h pa r t i r  du  mod61e p r opos6  p a r  
Pamilo (1985) (coefficient de paren t6  > 0). On a utilis6 le coefficient  de parent~  
m oyenne  et celui de consanguin i t6  t rouv6 p o u r  les ouvr i6res  (0.139 --- 0.031 et 
0.267 + 0.084 respect ivement) .  On suppose  que tou tes  les re ines  ne son t  ins6min6es 
q u ' u n e  seule fois et con t r i buen t  de fa~on 6gale ~t la descendance  du  nid. La l imite  su- 
p6r ieure  de la , pseudo,conf iance  ~ (zone hachur~e) est  donn6e p a r  la m o y e n n e  + une  
e r r e u r  s t a n d a r d  p o u r  F et la moyenne  - -  une  e r r e u r  s a n d a r d  p o u r  b'ff.  La lhni te  
inf6r ieure es t  donn6e p a r  la s i tua t ion  inverse,  c 'est-h-dire la m o y e n n e  u une  e r r e u r  
s t a n d a r d  p o u r  F et la m oyenne  + une  e r r e u r  s t a n d a r d  p o u r  b',f. 
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a n d  HAYASHIDA, 1970; YAMAUCHI et al., 1981, 1982). Al though  no  p o p u l a t i o n  
gene t ica l  i n f o r m a t i o n  has  b e e n  col lec ted  for  L. sakagamii ,  the  ava i lab le  
t a x o n o m i c  a n d  ecological  da t a  are  de ta i l ed  e n o u g h  to m a k e  a c o m p a r i s o n  
b e t w e e n  the  two species.  YAMAUCHI et al. (1981) r e p o r t  the  fo l lowing  charac te -  
r i s t ics  for  L. sakagamii :  1. i n t r a n i d a l  ma t ing ,  2. po lygyny  t h r o u g h  r e t e n t i o n  
of n e w l y  e m e r g e d  queens  in  the  nest ,  3. r e d u c e d  t e r r i to r i a l i t y ,  4. co lony  
m u l t i p l i c a t i o n  by  b u d d i n g ,  5. large colonies  c o n t a i n i n g  severa l  m i l l i o n s  of 
worke r s ,  6. s a t u r a t i o n  a n d  d o m i n a t i o n  of the p r e f e r r e d  local  hab i t a t ,  As 
far  as da t a  on  L. neglec tus  are  ava i lab le  by  now,  it  seems tha t  th is  n e w  
E u r o p e a n  a n t  species  is very  s i m i l a r  to L. sakagami i  in  m o s t  if n o t  all  
of these  six cha rac te r i s t i c s .  I t  is un l ike ly ,  however ,  t ha t  L. sakagami i  a n d  
L. neg lec tus  are  also very  closely r e l a t ed  (i.e. s i s t e r  species) .  Not  on ly  are  
the  two species  very  well  s e p a r a t e d  geographica l ly ,  t he re  are  also s u b s t a n t i a l  
d i f fe rences  in  moi 'pho logy  a n d  forag ing  b e h a v i o u r  (VAN LOON et at. 1990). 
A b r o a d e r  c o m p a r a t i v e  ana lys i s  of a l lozymat ic  v a r i a t i o n  t h r o u g h o u t  the  
s u b g e n u s  Lasius  w o u l d  p r o b a b l y  shed m o r e  l ight  on  s is ter -species  re la t ion-  
s h i p s  a n d  cou ld  also tes t  the  specif ic  hypo thes i s  of pa ra l l e l  e v o l u t i o n  of 
s im i l a r  p o l y g y n y - s y n d r o m e s  in separa te  l ineages  of the  s u b g e n u s  Lasius. 
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