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S U M M A R Y  

The d i s t r ;bu t ion  of Formica rzzfa L. nes t s  in 1.6 ha  of neglected coppiced woodland 
in South-Eas t  England  was mapped  immed ia t e ly  af ter  coppieing in 1965. 

The fate of the original  29 nes t s  was  followed t l l roughout  the  next  10 years .  The 
s tabi l i ty  of F. rzzfa nests  in Bri ta in  is quest ioned.  

The founda t ion  of new daugh te r  nes ts  and  the  consequent  deve lopment  of polycaly is 
described and  discussed.  

The init ial  nes t  dens i ty  was h igher  t han  t ha t  recorded f rom other  localit ies.  In the  
first two years  af ter  eoppicing a rapid  increase in the dens i ty  of occupied nes ts  was 
observed. This  was followed by a s teady decline unt i l  the dens i ty  was  30 % lower t ha n  
in 1965. 

Z U S A M M E N F A S S  UNG 

Anderungen in der Verbreitung der Nester von Formica rufa L. 
(Hymenoptera : Formicidae) in Blean Woods National Nature 'Reserve, 

Kent, w~ihrend des Jahrzehntes nach dem Abtrieb. 

Die verbre i tung  der Nester  von Formica rzzfa L. in e inem 1,6 ha  grossen vernaeh-  
liissigten Nieder~vald So-Englands wurde  u n m i t t e l b a r  naeh  dem Abtr ieb im Jahre  1965 
kar t ier t .  

W,ihrend der ni ichsten 10 Jahre  wnrde  das Schicksal der u rspr i ing l ich  29 Nester 
verfolgt.  Die Bestiindigkeit  von F. rzzfa - -  Nestern in Grossbr i t ann ien  wird in Frage 
gestell t .  

Die Grt indung yon neuen  Tochterkolonien und die nachfo lgende  Entwick lung  yon 
Polykal ie  wird beschr ieben ud diskut ier t .  

Die anff ingliehe Nesterdichte was  hSher  als yon ande ren  Lokali t i i ten angegeben. 
Wiihrend der ers ten beiden Jahre  naeh  dem Abtrieb wurde  eine rasche  Z u n a h m e  der 
Diehte der Nester  beobachtet .  Darauf  folgte eien sti indiger Riiekgang, bis  die Diehte 30 % 
niedr iger  lag als 1965. 

INSECTES SOCIAUX, 1978, 'r. 25, N" 2. 12 



174 R. COLIN WELCH 

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

Although there is a weal th  of l i terature  on the species of wood ants  compri -  
s ing the Formica rufa group (CoTTI, 1963) many  aspects of their  biology are still  
poorly known,  in  pa r t i cu la r  the method  of nest  formation and the p reva l ance  of 
polygyny and polycaly in  the var ious species. A populat ion of F. tufa L. was 
s tudied in  Blean Woods National  Nature Reserve, Kent over a per iod  of ten years  
wi th  a view to ga in ing  a better  unde r s t and ing  of polycaly.  

YARROW (1955), in  discussing the d is t r ibut ion  and biology of F. rufa 
comments,  <~ T h e  fasc inat ing  problem of colony founding  in  these ants  is still 
very imperfect ly  unders tood  and  speculat ion based on very doubtful  ev idence  
has done little t o  assist z. r In  wha t  way and by what  means new nests are 
begun, their  n u m b e r  in any locali ty must  be inf ini tes imal  compared  w i th  the 
number  of v i rg in  females available as potent ia l  nest starters >>. <~ The p resence  of 
large numbers  of dealate females (100 or more is noth ing  unusual )  together  in  
isolated nests implies  that  some mated females must  ei ther re turn  to the pa ren t  
nest or never  leave it, bu t  it is very  improbable  that  those wh ich  fly away ever 
find their  way  back ~>. He fur ther  adds r The pecul iar ly  restr ic ted d i s t r ibu t ion  
of nests in  one small  par t  of an apparen t ly  homogeneous area has b rought  forth 
the very plausible  theory that some of these nests must  be offshoots or b r a n c h  
nests of others and are popula ted  by females and workers  w h i c h  have moved 
nut  from the paren t  nest  . . . . . . .  but  that these b ranch  nests arise in  the way 

just  described is not I th ink  proven  ~. 

However, ELTON (1932) had already wi tnessed the the spl i t t ing of a F. rufu nest 
into two subs id ia ry  nests near  Ringwood,  Hants  in April  1927. By September  
1928 these had been abandoned  in favour of the original  nest  site but  in  
March 1929 the split  was repeated and this t ime appeared pe rmanen t .  This,  
and  two other cases of nest  spli t t ing,  was the direct  result  of some h u m a n  inter-  
ference, although JOSEPH (1958) describes two instances of a series .of three 
small  poorly formed nests adjacent  to large established nests of F. aquilonia 
Yarrow in  a b i rchwood  in Strathspey, Inverness-shire.  These, he concluded,  
had been formed by colonizat ion from the larger nests. Bi3TTNEn (1971) observed 
the product ion  of daughter  nests in  a colony of F. polyctena (Foerst.) in  deci- 
duous woodland  in  Germany and noted that this activity was greatly increased  
when the nest mounds  were provided wi th  a protect ive covering. HUGHES (1975) 
concluded that in North Wales F. lugubris Zett. was able to radiate  in to  sui table 
habitats  by budding,  and had a capaci ty for quick and widespread  colonizat ion 
not shared by F. rufa, which  appeared to be dependent  on alate queens as a 
method of dispersion.  KLtMETZEK (1970, 1972 and  1973), refer r ing to five species 
of the F. rufa group in  the south west Black Forest  (of wh ich  F. rufa comprised  
between 48 % and 64 %) states that the locat ion of nests was often changed  by 
the abandonmen t  of old nests and the cons t ruct ion  of new ones. He observed 
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163 F. ru[a nests in  1966, but  w i th in  three years 119 nests had been abandoned  
and only 56 new nests formed to replace them, amount ing  to a 39 % decrease in 
total nest numbers .  

The development  of techniques  fo r - the  in t roduc t ion  of wood ant  colonies 
into forests, for the purpose  of cont ro l l ing  defoliating insect  pests, has resulted 
in increased interest  in the F. ru[a group in  many  European countr ies .  Consi- 
derably more accurate field and exper imenta l  data are now avai lable al though 

much of it is concerned  wi th  F. polyctena, an undoubted  polgynous polycal ic  
species. In  cont inenta l  Europe F. tufa appears to have more var ied  habits.  
GSSSWA~-D (1941) and ADLUNG (1966) dis t inguished between monocal ic ,  mono- 
gynous nests and oligogynous colonies of up to 20 nests. 

BETRP.M (1960) states that in  Eng land  F. ru[a is always polycalic,  whereas  in  
Germany it is mostly monoca l ic  and  only rarely oligocalic or polycal ic .  LANGE 
(1960) refers to monogynous  colonies of F. ru[a and OTTO (1968), in  assessing 

the relative abundance  of four species of the F. ru[a group throughout  the forests 
of West Germany, showed that the polygynous form of F. rata was general ly 
scarce. It only rarely at ta ined 20 % of the total for alt four species, and consti- 

tuted less than 15 % of all F. ru[a. Betrem (loc. cit.) quotes from other  workers  
in Germany who have never  found more than one queen in the monoca l ic  colonies 
of F. ru[a. ZAKHAROV (1974) has shown exper imental ly  in Russia that  when  
unequal  development  occurs wi th in  a single /~. ru[a nest the more  powerful  

<< colony >> will  form anci l lary  nests. Thus  demonstra t ing the t r ans i t ion  from an 
individual ,  monocal ic  form of nest  existence to a polycalic or colonial  form. 
Considerable confusion persists regard ing  monogyny and polygyny in  F. ru[a in  

Bri tain and the role of queens in  the foundat ion of daughter nests. ZAKHAROV 
also refers to anci l lary  nests wi th  no queen present  as (< forage buds >> becoming 
<< offshoots >> when  a queen is in t roduced.  

F. ru[a is widely d i s t r ibu ted  in Eng land  and Wales al though it is main ly  
concentra ted on well d ra ined  soils in  southern England  (BARRP.TT, 1968) and has 
often been known  from a given locali ty for a considerable period. Of the loca- 

l i t i e s  recorded by NELMES (1938) a n u m b e r  have become ext inct  ma in ly  as a 
result  of u rban  development  or clear felling and ploughing of wood land  sites. 
Barrett  has shown that, away from the areas of concentra ted records,  the inci-  
dence of ext inct ion becomes s ignif icant ly  higher and he regards the chance  of 
recolonizat ion as remote. He fur ther  records a presumed ext inc t ion  in  26 % 

of the 10 Km gquares from which  the species has been recorded. BARRETT does 
not discuss this beyond comment ing  that the disappearance of F. ru[a from sites 
wi th in  the main  areas << can usual ly  be ascribed to increas ing u r b a n  pressures  >>, 
especially sites on London Clay, and he shows a 54 % ext inct ion from all clay 

sites. In  most cases  where  the wood persists, so does the F. ru[a colony. 
This  has been substant ia ted by BARRETT and FELTON (1965) in  S. E. Eng land  
and a survey which  I car r ied  out in  East  Anglia and the East Midlands dur ing  
1968. Although in both ins tances  a number  of new localities were  found it is 
more likely that these had been previously  overlooked or un reco rded  than that 
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they represented a spread from known  older sites. Indeed,  th r iv ing  colonies 
now exist in some localities where  F. rufa was recorded as ext inct  by Barrett.  
Clearly the species was ei ther  extremely localised and overlooked or, more 
likely, persisted at a very low densi ty  for a number  of years. 

Less cataclysmic changes may have resulted in  the local ext inct ion of F. rufa. 
SATCHELL and COLLINGWOOD (1955) suggest the decrease in the n u m b e r  of colonies 
near  Windermere ,  in  the Lake District,  may be related to the invas ion  of d is turbed  
woodland by Pteridium aquilinum, whilst  BARRETT and FELTON record the sudden  
decline of a colony at T u b n e y  Woods, Berkshire over a 7 year  per iod corre la ted 
with the area becoming overgrown in places, although apparen t ly  sui table areas 
which  remained  were not colonised. F. rufa later became extinct  at this site 
(BARRETT, loc: cit.). SATCHELL (1966) fur ther  postulates that where  F. ru[a is 
at the l imit  of its geographic range it is more susceptible to such pressures  as 
increased habitat  d i s tu rbance .  Recently HU6HES (loc. cit.) has shown that  over 
England  and Wales there is a good quanti ta t ive and quali tative fit be tween the 
dis t r ibut ion of F. ru[a and that of coppiced woodland.  He adds that  factors 
such as neglect of coppice and its convers ion to p lanta t ion  may also b r ing  about 
a reduct ion  in  the range of F. rufa. 

Some of the earliest records of F. ru[a result  from the quest by entomologists  
for myrmecophi lous  Co'-eoptera etc., and WALKER (1897) provides just  such a 
record for Blean Woods, Kent. NELMES (loc. cit.) also" records F. ru[a as very 
numerous  in Blean Woods between 1933 and 1938. Although it cannot  be proven,  
there is s trong c i rcumstan t ia l  evidence for  these records being from the same 
woodland block as that which  now forms part  of the Blear  Woods National  
Nature Reserve. 

SITE DESCRIPTION 

Blean Woods National  Nature Reserve lies to the west of Blean village three 
miles north-west  of Canterbury  in  the par ish  of St. Cosmus and St. Damian  in 
the Blean, East Kent. The work  descr ibed below was done in an area ,referred 
to as Mincing Wood on the 1 :25000  Ordnance  Survey Sheet TR 16 (O.S./61 : 
112609). 

The exper imenta l  area occupies the western  two thirds  of Compar tment  9. 
This  consists of an area of 1.6 hectares bounded  on the south by Middle Ride, in  
the west by the boufldary fence of Grimshil l  Wood and along its no r the rn  
marg in  by the l ine of the former  Beech Ride. The eastern linfit is a footpath 
r u n n i n g  nor thwards  from Middle Ride to meet Aider Ride in  the north-east  corner  
of the compartment .  

The heavy London Clay forms a plateau which  slopes gently to the nor th  
where  the 76 melre contour  runs  paral lel  with,  and just beyond,  the compart-  
ment ' s  no r the rn  boundary .  WHEN SALE and  ARCHmALD (1960) laid out the 
Nature Conservancy 's  Working  Plan for the reserve the area consisted of neglec- 
ted mixed coppice, much of which  was overgrown Castanea sativa coppice. 
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Th i s ,  to  a l a r g e  ex t en t ,  w a s  a l m o s t  c e r t a i n l y  t h e  r e s u l t  of e a r l i e r  p l a n t i n g .  T h e  

s t a n d a r d  t r e e s  w e r e  m a i n l y  Quercus petraea, e s t i m a t e d  to be  a b o u t  25 y e a r s  old  

a n d  a t  a d e n s i t y  of  1 0 0 - 1 2 5 / h a .  

I n  t h e  w i n t e r  of 1964 /1965  t he  c o m p a r t m e n t  w a s  c o p p i c e d .  All  Castanea 
w a s  cu t  a n d  al l  o t h e r  t r e e  s p e c i e s  le f t  to  p r o v i d e  f u t u r e  s t a n d a r d s  fo r  t h e  p r e s -  

c r i b e d  m a n a g e m e n t  to  fa lse  h i g h  fo res t .  I n  a d d i t i o n  to t h e  Q. petraea o c c a s i o n a l  

Fagus sylvatica, Sorbus torminalis, Betula pubescens, l lex aquifolia a n d  Malus 
sylvestris w e r e  left .  M a n y  s too l s  w e r e  le f t  w i t h  s e v e r a l  s l e n d e r  s t e m s  f r o m  

w h i c h  t h e  b e s t  c o u l d  b e  l a t e r  s i ng l ed .  As a r e s u l t  t he  i n i t i a l  p o l e  d e n s i t y  w a s  

v e r y  h i g h ,  b e i n g  in  e x c e s s  of 3O0/ha .  T h e s e  po les  w e r e  f a i r l y  e v e n l y  d i s t r i b u t e d  

bu t  w i t h  a t e n d e n c y  to b e  less  d e n s e  a l o n g  t h e  n o r t h e r n  m a r g i n  of t h e  c o m p a r t -  

m e n t .  Most  h a d  w e a k  c r o w n s  a n d  ca s t  l i t t l e  s h a d o w .  A n u m b e r  of l a r g e  b u s h e s  

of Crataegas monogyna a n d  a f e w  Sarothamnus scoparius w e r e  r e t a i n e d  a n d  

c l u m p s  o f  Ruscus aculeatus p e r s i s t e d .  T h e  o p e n i n g  of w h a t  h a d  b e e n  d e n s e  

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

t o g e t h e r  w i t h  v i g o r o u s  n e w  g r o w t h  t h e  cu t  Castanea a n d  Corylas s tools .  

S e e d l i n g s  a n d  s u c k e r s  of S. torminalis w e r e  also c o m m o n  t h r o u g h o u t  t h e  a rea .  

I n  t h e  f i rs t  y e a r s  a f t e r  c o p p i c i n g  a f a i r l y  d e n s e  m i x e d  g r o u n d  f l o r a  b e c a m e  

e s t a b l i s h e d ,  of w h i c h  t h e  m a j o r  c o n s t i t u e n t s  i n c l u d e d  Anemone nemorosa, 
Hypericum pulehrum, Teucrium scorodonia, Asperula odorata, Euphorbia amyg- 
daloides, Milium effusum, Lazula syhmtica a n d  Holcus mollis. Lonicera peri- 
clymenum, Rabus a n d  Rosa spp .  g r e w  v i g o r o u s l y  w i t h  t h e  e n s u i n g  y e a r s  so t h a t  

by  1970 a c c e s s  to m a n y  p a r t s  of t h e  c o m p a r t m e n t  w a s  v e r y  d i f f i cu l t .  H o w e v e r ,  

b y  1973 t he  c a n o p y  f o r m e d  b y  t h e  r e g e n e r a t i n g  Copp ice  h a d  c l o s e d  s u f f i c i e n t l y  

to b e g i n  to s u p p r e s s  t h e  g r o w t h  of b r a m b l e  a n d  b r i a r .  

METHODS 

On 20 June  1965 J. C. FELTON visi ted Blean Woods and made a p rov i s iona l  m a p  of the 
d i s t r ibu t ion  of Formica rufa nests  in and  a round  the  newly coppiced c o m p a r t m e n t  9. 
His in i t ia l  map also included compar tmen t  8 to the  nor th  (coppiced 1983-1964), compar t -  
men t  5 to the  east, and some marg ina l  areas of compar tmen t  10 in the  south,  bo th  of 
which were well grown. FELTON selected the  par t  of compar tmen t  9 occupying the clay 
p la teau  and  plot ted the posi t ions  of 24 F. rufa nests. The two eas t e rnmos t  nes ts  shown 
in figure 1 as nests  25 and 26 were noted by  FELTON but  were outside his  selected area. 
It  is considered probable  t h a t  three  o ther  nests  may  have been present  bu t  were over- 
looked. Nest 35, close to the poorly defined marg in  wi th  c o m p a r t m e n t  8, was first 
noticed on 27 April  1967 amid dense b ramble ,  bu t  was clearly not  of recent  origin.  
S imi lar ly  nest  42, first observed on the  same date was a l ready well es tabl ished,  as was 
nest  34 when  first seen on 5 May 1966. On 8 May 1967 dozens of a la te  queens were 
seen on nest  42 providing f u r t he r  proof  of i ts  ma tur i ty .  Thus  it  seems probable  t h a t  
29 nests,  whose d i s t r ibu t ion  is shown by solid circles in figure 1, were occupied in 1965. 
During the  next  three  years  the  site was vis i ted  regular ly  and  a l though  only  two m o n t h s  
are indicated on figures 2 and  3 these, and  detai ls  on figure 1, are  based on  m a n y  
more observat ions .  Only one visi t  was made dur ing  each of the next  th ree  years,  followed 
by three  years  of regular  b i annua l  spring and  a u t u m n  visits.  

In May 1966 FELTON revisi ted the area and marked  occupied nests  us ing  wooden 
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stakes,  23 X 4 X 2.5 era, w i t h  a red (< Dymo >> n u m b e r  tacked to each. The s t akes  were  
h a m m e r e d  in to  the  g round ,  close to the  w es t e r n  m a r g i n  of each nest ,  so t h a t  a p p r o x i -  
ma t e ly  7 em s tood p r o u d  of the  soil surface.  On th i s  occasion on ly  17 nes t s  we re  f o u n d  
bu t  by  ear ly  1967 25 nes t s  had  been n u m b e r e d  in t h i s  m a n n e r .  In  1966 a ser ies  of  
s tudies  on the  F. rufa at  Blean Wood  w a s  s ta r ted  a n d  d u r i n g  f r e q u e n t  v i s i t s  I w a s  able 
to observe  the nes t s  in e o m p a r t m e n t  9 in g rea te r  detai l .  In  1967, du r ing  a pe r iod  of  
m a x i m u m  aet iv i ty  in the  eo loniza t ion  of n e w  nes t  si tes,  it became  obv ious  t h a t  a m o r e  
precise m e t h o d  of m a p p i n g  the  nes t s  w a s  requi red .  S u b s e q u e n t l y  du r ing  1967 and  ear ly  
1968 the  w h o l e  e x p e r i m e n t a l  a rea  was  m a p p e d  on a 20 me t re  grid and  all t rees,  nes t s ,  
pa ths ,  di tehes,  etc. were  aeeura te ly  p lot ted  a n d  a base  m a p  produced  (see fig. 1 a n d  4). Th i s  
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Fro. 1. - -  D i s t r i b u t i o n  of Formica rn[a L. nes t s  in  C o m p a r t m e n t  9, Blean Woods  Nat iona l  
Na tu r e  Reserve,  Kent,  du r ing  the  per iod  1965-1975. 

Solid l ines  = m i g r a t i o n  observed.  

ABB. 1 . -  V e r b r e i t u n g  der  Nes te r  von Formica rafa L. in Abte i lung  9, Blean W o o d s  
Na t iona l  N a t u r e  Reserve,  Kent, im Z e i t r a u m  1965-1975. 

Ausgezogene  Linien  : N e s t w a n d e r u n g  beobachte t .  
Gest r iehel te  Lin ien  : N e s t w a n d e r u n g  ve rmute t .  

p roved  i n v a u l a b l e  du r ing  the  la ter  pa r t  of the  s tudy  w h e n  the  vege ta t ion  w a s  so dense 
t h a t  p r o g r e s s  and  o r i en t a t i on  were  difficult.  Th i s  did no t  comple te ly  ove rcome  the 
diff icul ty in f inding n e w  smal l  nes ts  b u t  it did enable  the  k n o w n  nes t s  to be located and  
if a nes t  had  died ou t  the  s u r r o u n d i n g  area  could be searched m o r e  in tens ive ly  fo r  
poss ib le  n e w  nes t  sites.  "F igure  1 s h o w s  the spa t ia l  d i s t r i b u t i o n  of 121 si tes  occupied 
by  F. rufa nes t s  at  some t ime  dur ing  the  per iod  1965-1975. The coding of h a l f - s h a d e d  
circles and  s q u a r e s  indica tes  the yea r  in wh ich  occupa t ion  of a si te w a s  first  observed 
or  es t imated .  F igu re  2 gives an indica t ion  of the  t e m p o r a l  d i s t r i b u t i o n  of these  nes ts .  
I t  wil l  be seen t h a t  some si tes  were  occupied on m o r e  t h a n  one occasion.  I n  bo th  
figures a c o n t i n u o u s  solid l ine is an  indica t ion  of w h e n  m o v e m e n t  be tween  si tes  w a s  
observed.  The b roken  l ines  m a r k  the mos t  p r oba b l e  source  of  or ig in  fo r  a newly  
occupied site.  In  figure 2 occupat ion  of nes t  5 wi l l  be seen to have  ceased in the  
w i n t e r  of  1966-1967, w h i l s t  in  Apri l  1967 th ree  n e w  nes ts ,  38, 39 and  40, were  observed 
for  the  first  t ime,  all 10-12 me t re s  n o r t h  and eas t  of  ne s t  5. Since it is more  p robab le  
tha t  nes t  5 w a s  abandoned ,  r a t h e r  t h a n  the who le  colony ex t e rmina t ed ,  the  an t s  m u s t  
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have migrated somewhere. At this same time nest 4 was observed migrat ing to nest 
site 37, nest 6 had already died ou~ and nest 12 was colonizing site 41. Thus it is 
postulated that  nests 38, 39 a n d 4 0  were formed by he splitting of nest 5. It was by this 
form of reasoning that  the links between sites shown on figures 1 and 2 were established. 

Init ial  plans to measure the size of each nest were not continued since GSSSWALD and 
HOaSTMANN (1966) had shown in F. polyctena tha t  nei ther  diameter nor  height of the 
nest dome is a measure of the strength of the nest. The younger daughter  colonies 
possess a relatively high dome whilst  the older nests are worked more firmly into the 
ground. 

N E S T  MIGRATION AND COLONIZATION OF N E W  S I T E S  

Al though  figure 2 shows  nes t  21 be ing  r e p l a c e d  by  a s ingle  ne s t  21 a b e t w e e n  

J u n e  1965 and  J u n e  1966, r e f e r ence  to figure 1 i nd i ca t e s  t en  l i n k e d  nes t  sites. On 

29 J u n e  1966 nes t  21 was  found  to be dead  an d  an  a rc  of e igh t  nes t  n o d a  r a n  

n o r t h w a r d s  in to  the  open  a rea  of the  c o m p a r t m e n t .  These  a re  c o n s i d e r e d  to 

c o r r e s p o n d  w i t h  the  r m i c r o m o u n d s  >> d e s c r i b e d  by  t l o s~soaEN (1969) in  

F. uralensis Ruzsky. T h r e e  sites nea r e s t  the  p a r e n t  nes t  a n d  a n o t h e r  on a 

w es t e r n  b r a n c h  of the  m a i n  trai l ,  h a d  a l r eady  been  a b a n d o n e d  a n d  w e r e  d iscer-  

n ib le  on ly  by  a smal l  a c c u m u l a t i o n  of nes t  mate r ia l .  T h e  t e r m i n a l  four  n o d a  

all cons i s t ed  of small  c o n c e n t r a t i o n s  of an ts  an d  b u i l d i n g  m a t e r i a l .  By 22 Sep- 

t e m b e r  1966 a n o r t h e r n  p a i r  of smal l  nes t  si tes h a d  been  t e m p o r a r i l y  e s t ab l i shed  

but  these  a n d  the  two sou th  wes t  of nes t  21 a c o n t a i n e d  ve ry  few ants.  Nest  21 a 

h a d  conso l i da t ed  and  all o the r  si tes w e r e  deser ted .  By 27 Apr i l  1967 only t h e  

one n e w  nes t  (21 a) was  occupied .  T h u s  the  r e - e s t a b l i s h m e n t  of a nes t  co lony 

12 me t r e s  f rom the  p a r e n t  nes t  h a d  been  obse rved  a l though  up  to ten  po ten t i a l  

nes t  s i tes h a d  been  t r i ed  and  an ac tual  d i s t ance  of 18 me t r e s  co v e red  b e t w e e n  

the  old and  n e w  nests.  S imi la r  b e h a v i o u r  h a s  been  obse rved  by  Bi)TTNER (loc. 
cir.) in  F. polgctena four  n e w  nes t  sites w e r e  occup ied  d u r i n g  one  yea r  up  to 

56 m e t r e s  f rom the  p a r e n t  nes t  a n d  the  fo l lowing  y e a r  seven  a d d i t i o n a l  nes ts  

s p r e a d  a f u r t h e r  20 metres .  

ROSENGREN (lOC. vii .)  was of the  o p i n i o n  t ha t  in  F. uralensis t he  a b a n d o n i n g  

of o lde r  m o u n d s  and  the  bu i ld ings  of n e w  ones by  sp l i t t i ng  w a s  m a i n l y  the  

ou tcome  of the  ants '  h a b i t  of o v e r w i n t e r i n g  regu la r ly  outs ide  the  mounds .  T h e  

smal l  t e m p o r a r y  m i c r o m o u n d s  we re  often bui l t  on the  o v e r w i n t e r i n g  c h a m b e r s  

in  the  s p r i n g  p r i o r  to the  an ts  r e m i g r a t i n g  to the  m o t h e r  nest.  However ,  t he re  

are m a n y  in te r - spec i f ic  b e h a v i o u r a l  d i f f e rences  b e t w e e n  m e m b e r s  of the  F. ru[a 
group  i n c l u d i n g  t h e i r  m e t h o d  of o v e r w i n t e r i n g .  ROSENGREN f o u n d  tha t  in  

s o u t h e r n  F i n l a n d  one co lony of F. lug~zbris comple t ed  a 48 m e t e r s  seasona l  

m i g r a t i o n  b e t w e e n  s u m m e r  and  w i n t e r  nes t  sites, w h i l s t  no o v e r w i n t e r i n g  

outs ide  the  m a i n  nes t  was  obse rved  in F. polgctena. In  F. t u fa  the  pos i t ion  

is confused .  EIDMANN (1943) states tha t  o v e r w i n t e r i n g  outs ide  m o u n d s  is no t  

of ge ne r a l  o c c u r r e n c e  w h i l s t  KNEITZ (1964) desc r ibes  the  p h e n o m e n o n  as not  

u n c o m m o n .  In a re la t ive ly  s table  po lygyn ic  p o p u l a t i o n  of two nes ts  on a small  

is let  in  F i n l a n d ,  ROSENGREN found  one o v e r w i n t e r i n g  site 12 m e t r e s  f rom the  

p a r e n t  nes t  and  ano the r ,  n m c h  la rger  one, only  3 me t r e s  d is tant .  No ev idence  
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Fie,. 2. - -  D e n d r o g r a m  to  s h o w  f a t e  of  29 Formica rufa n e s t s  d u r i n g  t h e  p e r i o d  1965-  
1975. 

H o r i z o n t a l  l i n e s  = c o n t i n u e d  o c c u p a t i o n  o f  n e s t  s i t e .  
V e r t i e a I  l i n e s  = m i g r a t o r y  m o v e m e n t  to  n e w  n e s t  s i t e .  
S o l i d  l i n e s  = o c c u p a t i o n  a n d  m i g r a t i o n  o b s e r v e d .  
B r o k e n  l i n e s  = o c c u p a t i o n  a n d  m i g r a t i o n  p o s t u l a t e d .  
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was found dur ing the present  study of ove rwin te r ing  away f rom the paren t  

nest. However ,  on many  occasions in early spr ing the emerging  clusters of 

ants were  seen to be a short  distance f rom the main nest site. It was presumed 

that  these ants had  emerged f rom the paren t  nest but had moved  to a more  open 

si tuation w h e r e  they could take full advantage of the l imi ted solar radiat ion.  

Although it is just possible that  some of these represen ted  ants f rom separate  

ove rwin te r ing  sites close to the main nest, this is thought  unl ikely.  Penet ra t ion  

of the heavy  London Clay presents  considerable  difficulties for the ants unless 

access can be gained through the rot t ing root  system of a dead tree. This  is 

bel ieved to be a major  cont r ibutory  factor  in the fai lure of some new nests to 

survive  the i r  first winter ,  e.g. 27, 28, 44 and 15 a (fig. 2). 

With  the developing use of the F. tu fa  group as b iological  cont ro l  agents 

against  forest  insect  pests much  informat ion  is available on the movement  of 

art if icial ly establ ished nests. ADLUNG (loc. ci t)  states that  the art if icial  establish- 

ment  of F. po lyc iena  is only successful in pine forests w h e r e  sunl ight  is able 

to penet ra te  ra ther  evenly to the forest  floor, o therwise  the ants move  their  nest 

to the forest  margins.  O'FLANAGAN (1967) describes how, seven weeks  after its 

in t roduc t ion  into an I r i sh  woodland,  a F. rufa colony moved  73 metres  and 

formed two small nests. After a fur ther  seven weeks the colony had moved a 

fur ther  55 metres  and was establishing a new nest at a site open to both east 

and south a l lowing the longest possible hours  o~ sunshine.  WELLENSTEIN (1968) 

work ing  for  14 years on F. polyc tena  in pine forests along the Upper  Rhine 

found that the ant colonies moved up to 100 metres  in search of more  favourable  

sites. Dur ing  this per iod one th i rd  of all in t roduced  nests observed by him 

ei ther  moved,  subdivided,  or both. 

NEST  D E N S I T Y  

At the t ime of coppicing,  Compar tment  9 at Blean Woods the 1.6 ha 

conta ined  29 occupied  F. rufa nests, i.e. 18 per  hectare.  By early 1967, two 

years  later,  a max imum density of 26.9/ha was reached  (see fig. 3). This  dropped 

to a m i n i m u m  of 10.6/ha in the autunm of 1974, wi th  an average of 12.7/ha 

over  the last three years  of the study. This  would  appear  to be a par t icu la r ly  

high nest density.  ELTON'S study area (loc. cit .)  of 1.4 ha in the New Forest  

con ta ined  seven occupied  nests, i.e. 5 /ha .  Bedford Purlieus,  a mixed  deciduous 

wood land  of 208 ha, 5 km west of Peterborough,  w i th  a h is tory  of coppice  

ABB. 2 . -  Schema der Entwicklung von 29 Formica rttfa Nestern im Zeitraum 1965- 
1975. 

Horizontale Linien : f ortlaufende Besiedlung des Nestes. 
Vertikale Linien : Ahwanderung an einen neuen Nestsandort. 
Ausgezogene Linien : Besiedlung und Abwanderung beobaehtet. 
Gestrichelte Linin : Besiedlung und Ahwanderung vermutet. 
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management  and some rep lan t ing  wi th  pine dur ing the past 30 years ,  was  

found to have 155 F. ruin nests occup ied  in 1974 (PETERKEN and WELCH, 1975), 

i.e. an average densi ty  of 0.75/ha. However ,  the nests were  p re sen t  in 

compar tments  compr i s ing  less half  the total area of the wood,  at a dens i ty  of 

1.33/ha. The  m a x i m u m  densi ty  occur red  in two  adjacent  c o m p a r t m e n t s  w h e r e  

57 nests were  present  in 17.5 ha, i.e. 3.26/ha. BUETT•ER (loc. ci t)  found a very  

s imilar  range of densi t ies  for a natural  popula t ion  of F. polyctena in dec iduous  

woodland  in Germany.  In an area of 10.5 ha the nest densi ty  va r i ed  over  a 

five year  pe r iod  f rom 1.14 to 3.33/ha. In 135 000 ha of the I tal ian Alps PAVAN 

nest occupation observed nest occupation postulated 

�9 Fro. 3. - -  Numbers of occupied Formica rllfa nests in 1.6 ha of coppieed woodland 
between 1965-1975. 

Left-hand scale ---- nest numbers. 
Right-hand scale ---- nest dentity/ha. 

Ann. 3 . -  Zahl der hewohnten Nester von Formica rufa in 1, 6 ha Niederwald im 
Zeitraum 1965-1975. 

Link Skala : Nestzahl. 
Rechte Skala : Nestdichte/ha. 

(1959) found four  species of the F. rtzfa group wi th  an average nest  densi ty  

of 1.85/ha. 

Most o ther  worke r s  have  recorded  cons iderab ly  lower  nest densit ies.  KLI- 

M~,TZR~ (1972) records  a m a x i m u m  of 15.9 nests /100 ha for five species of the F. rtt[a 
groupe in 1 640 ha of the Black Forest  whe re  F. rtl[a const i tuted up to 63 % of 

the species present.  OTTO (1968) showed  an average densi ty  of 2.5-5.8 

nests/100 ha for six species of the F. rufa group in woods  th roughout  "West 

Germany, a l though 17. polgclena and F. rufa compr ised  more  than 90 % of all 

records.  The  max imum nest densi ty he r ecorded  for all, species  was  

10.25/100 ha. 
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CONCLUSIONS 

Of the 29 F. ru[a nests present  in  compar tment  9 in  Blean Woods at the 

t ime of coppicing in 1965, only three (nests 17, 34 and 35, fig. 2 and  4) occupied 
the same sites throughout  the succeeding ten years. Nest 17 p roduced  one 
daughter  nest  some 10 metres to the east in early 1967, but  this site was 

abandoned  later the same year. Nest 19 was unusua l  in that the paren t  nest 
site was unoccupied  for two years. Dur ing  1972 and 1973 up to three daughter  
nest  sites were occupied but in  spr ing  1974 one of these (19 d) died out and 

the other (19 b) was seen to recolonize the paren t  nest site where  it r emained  
unt i l  observat ions ceased the fol lowing year  (fig. 2). Thus al though it has been 
infer red  that there is s tabil i ty in the location of sites 9ccupied by F. ru[a 
colonies, in coppiced woodland,  s tabil i ty of ind iv idua l  nests is the exception 
ra ther  than the rule. If HUGHRS' (1975) correlat ions between the d is t r ibut ion  
of F. tufa and that of coppiced woodland  hold true then such ins tab i l i ty  must  

be normal  for this species in England  and Wales. It should be borne  in m i n d  
that the t radi t ional  methods of coppice management  often resul ted in the 
piecemeal  cut t ing of small areas at different times of the year. This  resulted 

in a mosaic of vegetation of va ry ing  ages. Today 's  mechanized  coppic ing  takes 
place swiftly, over larger areas, and almost without  exception, du r ing  the win te r  
months.  Ants emerging in the spr ing  are thus faced wi th  a �9 devastated >> area 
which  in i t ia l ly  may not be able to suppor t  enough other inver tebra tes  to provide  
them with  prey. 

Some indica t ion  of the changes among the inver tebrates  w i th in  the coppice 
cycle have already been obtained from studies at Monks Wood Nat ional  Nature 
Reserve, Cambridgeshire  (W~.LCrI, 1969). It is in the second and  th i rd  years  
after coppicing that the herbaceous flora is at its best and the var ious coppiced 

stools are p roduc ing  vigorous new growth. Compared wi th  the sparsely 
vegetated ground layer beneath the previous dark, dense canop'y, young mixed 

coppice must provide greater nmnber s  of both species and ind iv idua l s  as prey for 
F. ru[a. It therefore came as no surpr ise  to witness the increase in  nest  density 
dur ing  this per iod when  the ants were able to exploit this more easily accessible 

food source. ,However ,  quite a large area to the west of the compar tment  
remained  uncolonized throughout  the study per iod and no older abandoned  

nest sites could be identified in this region. A nest site possibly from an earlier 
per iod of active coppicing,  was located close to the western bounda ry  between 

nests 2 and 3. 

It was expected that the densi ty  of F. rufa nests might eventual ly stabilize 
at a level s imilar  to that which  existed at the time of coppicing.  In  the win te r  
of 1974/1975 compar tment  10 was coppiced.  It  was expected that this opening up 
of the whole southern aspect of the study area could exert a considerable  
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influence upon the ants in the marg ina l  s tr ip in par t icular .  Observat ions  in o ther  

newly coppiced  compar tments  in Blean Woods had shown that  there  was often a 

considerable  re-coloniza t ion  by F. rufa along the nor thern  marg in  w h i c h  acted 

as a shel tered sun trap. However ,  in these cases the ground sloped gently to the  

south, whereas  in compar tments  9 and 10 there  is a gradual  slope to the north.  

This may expla in  w h y  this behav iour  was not observed along the no r the rn  

boundary  of compar tmen t  9 after coppicing.  
In Apri l  1975 two new nests (63 and 64) were  already being es tabl ished at 

the edge of the path  between compar tments  9 and 10. It is p resumed  that  these 

owed thei r  or igins  to nests wi th in  the latter compar tment .  With  the threat  of 

�9 s a A  \ \  ((, / 

�9 . 

e'xk \ \  
1 9  s 7  " \ \  \\ 

�9 3 6 D  - ~  �9 \ ~  \ ~  

, i / /  , T f I I I I I I I 

�9 nests  on 1965 si tes 0 n e w  nests iv  1975 
�9 nests  estab l ished 1966-1974 

Fro. 4. - -  Positions of Formica ru[a nests in April 1975, ten years after coppieing. 

Aaa. 4 . -  Verbreitung der Nester von Formica rtz[a im April 1975, zehn Jahre nach 
dem Ahtrieh. 

fur ther  immigra t ion ,  and the end of the isolated nature of compar tmen t  9, tile 

decision was made to end this study after ten years. Dur ing that  pe r iod  the 

number  of occupied  F. rnfa nests in the 1.6 ha study area had ul t imately  dec l ined  

by about 30 %. It must remain  conjecture  w he the r  the nest densi ty  in 1975 

is the new stable densi ty or whe the r  it represents  the t rough p r io r  to later  

s tabil izat ion at a h igher  level. Another  visit  to the area in a fu r the r  five years 

may help answer  this question. 
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APPENDIX 

The n u m b e r s  given to the  m a j o r i t y  of  Formica rufa nes ts  .described in t h i s  s tudy 
do not  co r respond  w i t h  t hose  used by FELTON. Since m a n y  of Fe l ton ' s  m a r k e r s  pe r s i s t  in 
compt .  9 a t  Blean Woods  Na t iona l  Na ture  Reserve the fo l lowing  l i s t  wi l l  enable  those  
nes t s  to he identified. 

Fel ton Marker  Nos . . . . .  25 26 27 28 
Nos. in p re sen t  s t u d y . .  9 8 13A 18 
Marker Nos . . . . . . . . . . .  37 38 39 40 
Present  Nos . . . . . . . . . . .  41 21A 33 42 
Marker  Nos . . . . . . . . . . .  48 49 50 51 
Present  Nos . . . . . . . . . . .  31 32 30 49 
Marker  Nos . . . . . . . . . . .  62 63 64 66 
Present  Nos . . . . . . . . . . .  15A 2A 7A 29 

The fo l lowing  nes t  n u m b e r s  are unchanged  
10-16, 19-21, 23 and  24. 

29 30 31 32 33 34 35 36 
22 17 35 40 39 38 36A 52 
41 42 43 44 45 46 47 
45 14A 14C 14D 46 47 48 
52 53 54 55 56 58 59 60 61 
50 23A 43 57 34 25 26 41A t lB  
67 
36 

a n d  are c o m m o n  to b o t h  s y s t e m s  : 1-7, 
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