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S U M M A R Y  

In nor th  Florida (USA), foraging and above-ground activity of the ant Prenolepis 
imparis Say begins in November and ends in March or  early April when  the workers  seal 
the nest  until  the following November.  During this win te r  foraging period, workers '  
gasters become enormously c o r p u l e n t  through deposit ion of fat, doubling to tripling 
worker  lean weight .  The colony remains reproductively inactive until late August or 
early September  when the  queen's ovaries develop and she lays eggs. The single pulse 
of brood is probably reared on material derived f rom the corpulent  workers.  When the 
workers  reopen the nests in November,  most  of the brood  are callow workers  or  sexuals 
and all of the previous year 's workers are again lean, their  nut r ient  s tores having been 
converted to new workers.  The old workers  become foragers while the callows become 
corpulent  for  the next year. Workers thus live between I and 2 (or more) years. Most 
nests are polygynous, and all queens contr ibute  to the egg pool, though probably not  
equally. 

The nests  are 2.5 to 3.6 meters  deep and consist  of horizontal-floored, slightly domed 
chambers  connected by a single vertical tunnel. As the worker  populat ion grows, total 
chamber  f loor area is increased by adding more  chambers  and by enlarging chambers,  
changing their  shape f rom simple, nearly circular to lobed,  ' p s e u d o p o d i a l '  shapes. No 
chambers  were  found less than 60 cm below the ground surface, and most  were  in the 
bo t tom half of these deep nests,  keeping mos t  of the nest  between 16 and 24 ~ C, year- 
round. 

Among the 9 colonies sampled, the number  of workers  varied f rom 560 to over 
10,000. An incipient colony contained 33 nanit ic workers  and a single queen. Using the 
annual increase in worker  population, the largest  colonies were  es t imated to be 7 to 9 
years old. Young, replete workers  were found in the  deeper  chambers ,  while the previous 
years '  workers  (now foragers) were more  abundant  near  the surface. The peculiar life 
cycle of this winter-active ant is discussed as an avoidance of competi t ion with other  
ants by foraging during the cold season. 
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ZUSAMMENFASSUNG 

Lebenszyklus und Nestbau einer kryophilen Ameise 
Pre,n,Olrepis imparis 

Die Ameise Prenolepis imparis Say is t  in  Nord-Florida (USA) n u r  im Winter  an 
der  Erdoberf15che aktiv. Das Sammeln  yon Nah rung  beg inn t  im November  und  endet  
im MSrz oder  Anfang Apr i l ;  danach  verschlieBen die Arbe i te r innen  das Nest  bis zum 
November .  WShrend der  Periode des N a h r u n g s s a m m e l n s  wird  die Gaster  der  Ar- 
be i t e r innen  e n o r m  dick, so da~ das Gewicht dieser  Arbe i te r innen  sich verdoppel t  oder  
verdrei facht .  Die Gewichtszunahme wird  durch  den s t a rk  entwickel ten  Fe t tkSrper  
ve ru r sach t  u n d  n ich t  durch  die Fiillung des Kropfes,  wie m a n  frf iher  glaubte.  Die Kolonie 
zieht  bis  Ende  August  oder  Anfang Sep tember  keine Bru t  auf, e rs t  dann  beginnen  sich 
die Ovarien der  K6nigin zu entwickeln und  sie legt Eier. Diese Bru t  wi rd  wahrschein-  
l ich mi t  e inem Sekre t  ernShrt ,  f i ir  das die Energiespe icher  der  d icken Arbei te r innen  
mobi l i s ie r t  werden.  Wenn die Nester  im November  wieder  geSffnet werden,  dann  bes teh t  
de r  grSBte Teil der  diesjShrigen Bru t  aus jungen  Arbe i te r innen  oder  Geschlechtst ieren.  
Die Arbe i te r innen  des Vor jahrs  sind wieder  mager,  da sie ihre  Fe t tk~rper reserven  a n  die 
Larven  ver f~ t t e r t  h a b e n .  Diese a l ten Arbei te r innen  beg innen  dann,  Nah rung  zu sammeln,  
w~ihrend die j ungen  Arbei te r innen  ffir das ngchs te  3ahr  gemSstet  werden.  Die Le- 
bensdaue r  e iner  Arbei ter in  betrSgt  also ein oder  zwei Jah re  oder  mehr .  Die meis ten  
Nes te r  s ind polygyn, alle K6niginnen sind fertil ,  doch legen sie vermuf l ich  unterschiedl ich  
viele Eier. Die Koloniegrf indung erfolgt wahrsche in l ich  pleometrot isch.  

Die Nes te r  bef inden  sich sehr  fief im Boden,  sie re ichen bis  zu e iner  Tiefe yon 
2.5 m bis 3.6 m. Die K a m m e r n  haben  einen waagerech ten  Boden  und  eine leicht  gew~lbte 
Decke, sie s ind du rch  einen einzigen senkrech ten  Gang mi t e inande r  verbunden .  Die 
Gesamtfl~iche der  K a m m e r n  ist mi t  der  Arbe i te r innenzahl  korrel ier t .  Die Nes ter  werden  
vergr6Bert, i ndem sowohl neue K a m m e r n  gebaut  als auch vo rhandene  K a m m e r n  erwei ter t  
werden.  Wenn K a m m e r n  vergr6Bert werden,  dann  wi rd  die urspr i ingl iche  Kreisform 
pseudopodienar t ig  ausgelappt.  Es wurden  keine K a m m e r n  in e iner  ger ingeren Tiefe Ms 
60 cm gefunden,  die meis ten  K a m m e r n  be fanden  sich in de r  un te ren  HSlfte dieser  t iefen 
Nester ,  w odu r ch  im gr6Bten Teil der  Nes te r  das  ganze J a h r  f iber eine Tempera tu r  
zwischen 16" und  24" C her rscht .  

Die 9 ausgegrabenen Nes ter  enthie l ten  zwischen 560 und  fiber 10.000 Arbei ter innen.  
Mit  drei vone inander  unabhSngigen Bes t immungen  der  j~ihrlichen Z u n a h m e  der  Arbei- 
t e r innenzah l  wurde  das Alter des gr6Bten Kolonie auf  7 bis 9 J ah re  gesch~tzt. Die 
Arbeiterinnen w a r e n  in den Nestern  spezifisch verteil t .  ]unge,  gemSstete  Arbei te r innen  
w u r d e n  in den  t ieferen K a m m e r n  gefunden,  w~ihrend sich die Arbe i te r innen  des Vorjahrs ,  
die je tz t  S a m m l e r i n n e n  waren,  h~iufiger in der  N~ihe der  Oberfl~iche aufhiel ten.  Es wird  
diskut ier t ,  dab die Lebensweise dieser kryophi len  Ameise und  speziell das Nahrungs-  
s am m el n  w~ihrend der  kal ten Jahreszei t  die Konkur renz  mi t  anderen  Ameisen minder t .  

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

A m o n g  t h e  a n t s ,  a w i d e  v a r i e t y  o f  a d a p t a t i o n s  a l l o w s  e x p l o i t a t i o n  o f  a n  

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

(WILSON, 1971).  Prenolepis imparis i s  p e c u l i a r  a m o n g  a n t s  i n  i t s  p r e f e r e n c e  

f o r  c o o l e r  r a t h e r  t h a n  w a r m e r  t e m p e r a t u r e s  (WHEELER, 1930 ; TALBOT, 1943a) .  
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Foraging takes  place at  t empe ra tu r e s  at  which mos t  o the r  species of ants  
are  inactive. During m i d - s u m m e r  on the o the r  hand,  P. imparis nests  are 
inactive above  ground.  TALBOT (1943a, b) r epor ted  on the nest  s t ructure ,  
colony size, foraging, t e m p e r a t u r e  preferences  and  seasonal i ty  of Prenolepis 
irnparis in Missouri  and  Ohio. H e r  data  descr ibe a species of modes t  colony 
size (average, 1,500 workers )  and  nest  dep th  (maximum,  1.3 m),  wi thou t  
h ibernat ion,  but  wi th  a dist inct  es t ivat ion period. As an a p p a r e n t  adap ta t ion  
for  this est ivation,  mos t  worke r s  (average 78 %) were  in the  " rep le te  " 
state. Both  TALBOT (1943a) and  WHEELER (1910, 1930) a s sume  reple t ion  to be  
the resul t  of a crop great ly  dis tended with  s tored  liquid food, as in species of 
Myrmecocystus (WHEELER, 1930). During estivation, eggs are  laid and  reared,  
and  new worke r s  emerge  in Sep t ember  (in Missouri).  Sexuals overwin te r  
in the nest  and  mat ing  flights take place on the f irst  w a r m  spr ing day, 

P. imparis occurs  more  or  less f r o m  s. Ontar io  to Colima, Mexico, and 
f r o m  coast  to coast  (WHEELER, 1930) Talbot  s tudied the an t  in the nor the rn  
pa r t  of its range in Ohio and  Missouri  where  its es t ivat ion is only a mar-  
ginally not iceable  one or  two months .  In  nor th  Florida,  the ant  is absent  
above-ground for  7 to 8 months ,  foraging only dur ing the winter .  I became  
curious wha t  this ant  did for  3/4 of a year,  sealed in its unde rg round  cham- 
bers.  By excavat ing nests  th roughout  a year,  I have discovered a n u m b e r  
of in teres t ing fea tures  on which I r epor t  here. 

M A T E R I A L S  AND M E T H O D S  

During the winter  of 1984-85, active nests of P. imparis were marked  at two sites 
in the Apalachicola National Forest, near  Tallahassee, Florida, USA. At both  sites, the 
vegetation consisted of longleaf pine (Pinus paIustris) forest  wi th  an unders tory  of 
scattered scrub oaks and a ground cover of wiregrass (Aristada stricta). The soil was 
deep sand whose clay content  increased somewhat  at depths  of 2 to 3 m. 

All surface signs of activity ceased by early April, so that  only s taked nests  could 
be found. These were  dug at intervals throughout  1985. A vertical shaf t  large enough to 
accomodate a ladder  was dug to one side of the nest. Chambers were exposed by lifting 
off one horizontal  layer at a time. All ants were collected, the per imeter  of each chamber  
was exposed and its horizontal project ion traced on t ransparent  acetate. Chamber  depth 
f rom the surface and compass orientation were  noted. 

Queens were  dissected and the degree of ovarian development assessed by counting 
the number  of active ovarioles and the number  of vitellogenic follicles. The contents  of 
the queen's spermatheca  were dispersed in 1 ml 0.SM NaC1 and the sperm counted in a 
hemacytometer .  

A total of 10 nests were excavated in six different  months .  Two of these were 
incipient nests  and were excluded f rom the mairs analysis, two were  dug in February and 
two in November.  For analysis of worker  populations,  colony architecture,  queen num- 
ber, etc., the sample size was 8 to 10, but  for analysis of the seasonal cycle, the sample 
size was only 1 for  4 of the six sampled months .  The amount  of effort  and time 
(2 days) per  excavation simply precluded larger sample sizes. Acceptance of the seasonal 
data as meaningful  depends in part  on their  agreement  wi th  general pat terns  among 
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other ants, and with published data on P. imparis (TALBOT, 1943a, b). The fact that the 
sequence of states from month to month form such a regular progression also strengthens 
the conclusions. 

R E S U L T S  

Seasonal Life History 

Seas'onal activity and foraging 

One  of the  m o s t  s t r i k i n g  cha rac t e r i s t i c s  of P. imparis is t h a t  i t  is 
a p p a r e n t  on ly  d u r i n g  the  w i n t e r  a n d  ear ly  spr ing .  I n  n o r t h  F lo r ida ,  w o r k e r s  
a re  ac t ive  a b o v e - g r o u n d  b e t w e e n  ear ly  N o v e m b e r  a n d  ear ly  Apri l .  The i r  
r e a p p e a r a n c e  in  the  fall  is s igna led  by  the  r e d d i s h  soil  they  excava te  f r o m  
t h e i r  deep ne s t s  a n d  sca t t e r  a long  sho r t  t ra i l s  o r  in  b r o a d  pa t ches  on  top 
of the  l ight-colored,  s a n d y  soil. The  w o r k e r s  r e m a i n  act ive  a b o v e - g r o u n d  all  
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Fig. 1. - -  Seasonal brood production and worker corpulence, both as % of colony, in 
Prenolepis imparis. The corpulent workers provide the material for the production 
of a single pulse of brood. The queen's ovaries are active only in September (upper 
bar). The nest is open during the winter (Nov.-early April) and is sealed for the 
7 to 8 warm months (lower bar). Only sampled months are labeled. 

Abb. 1. - -  Brutproduktion und Anteil gem~isteter Arbeiterinnen im Verlauf des Jahres 
bei der Ameise Prenolepis imparis (Angaben in Prozent der Kolonie). Die gem~steten 
Arbeiterinnen speichern das Material f~r die Aufzucht der ersten Brut. Die Ovarien 
der K/~nigin bilden nur im September Eier (obere Reihe). Das Nest ist nu t  im 
Winter often (November bis Anfang April) und bleibt w~ihrend der 7 bis 8 warmen 
Monate geschlossen (untere Reihe). Nut diejenigen Monate sind gekennzeichnet, in 
den Proben gesammelt wurden. 
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winter ,  foraging whenever  the t e m p e r a t u r e  permi ts ,  even nea r  freezing. 
Perhaps  as p ro tec t ion  for  worke r s  caught  outside the nests  by  low tem- 
pe ra tu re ,  m o s t  colonies have a n u m b e r  of shor t  (up to 10 cm),  dead-end 
vert ical  tunnels  in the vicinity of the i r  nes t  entrances .  In  March  and  April, 
w o r k e r  act ivi ty declines above ground,  and  by mid-April, mos t  nests  have 
sealed the i r  ent rances  for  the summer .  Rains wash  away  the excavated  soil 
so that ,  unless  marked ,  the nest  cannot  be found  again unt i l  November .  
Wha t  do the  ants  do unde rg round  all s u m m e r  ? The excavat ion of nests  
th roughou t  one year  has clarified the basic  fea tures  of  this es t ivat ing ant ' s  
life cycle.: 

Seasonal Brood Production 

P. imparis  produced  only a single b rood  per  year,  and  it did so by  using 
w o r k e r  fa t  and  nut r ien t  reserves  s tored  for  9 to 10 months .  The rear ing  of 
this b rood  c o m m e n c e d  in late August  or  ear ly S e p t e m b e r  and  was comple te  
by  the t ime  the nests  were  reopened  in ear ly N o v e m b e r  (fig. 1). In  keeping 
wi th  this pa t t e rn ,  the queen 's  ovaries  were  act ive only in the nest  sampled  
in Sep tember ,  and  bo th  eggs and larvae,  but  a lmos t  no pupae  were  present .  
In  none  of the o ther  7 nests  did I f ind a queen wi th  act ive ovaries.  By 
November ,  the nests  (n = 2) conta ined abundan t  pupae  and  cal low workers ,  
bu t  no larvae.  Both  nests  also conta ined  male  pupae  and  callows. By 
December ,  pupae  were  a lmos t  absent ,  bu t  cal low worke r s  m a d e  up a lmost  
60 % of the worke r  force. Callows were  no longer recognizable as such in 
the  J anua ry  nest,  which contained only queens  and workers ,  bu t  no brood.  
This was also the case for  the nests  dug in Februa ry  and June. 

H o w  do these ants  manage  to raise  large n u m b e r s  of  new ants  even 
though the i r  last  taste of foraged food lies at  least  5 mon ths  behind  them ? 
The answer  lies in the s torage of large amoun t s  of w o r k e r  fat  and  o ther  
nu t r ien t s  (fig. 2) which are then d rawn  upon  m a n y  mon ths  la ter  for  b rood  
rearing.  Many researchers  have noted  the " reple te  " na ture  of  Prenotepis 
workers ,  bu t  like WHEELER (1930), all a s sumed  the reple t ion to" resul t  f rom 
liquid food s tored  in a dis tended crop. In  actuali ty,  " reple te  '" worke r s  con- 
tain enormous ly  hyper t rop ied  fat  bodies,  bu t  not  unusual ly  d is tended crops, 
as a quick dissect ion will show. Foragers  are  always lean and  weigh about  
2.0 to 2.2mg. Corpulent  workers  weigh up  to 8 mg, and  average  abou t  5.4 mg. 

The corpulence  of worke r s  showed a seasonal  cycle which  was  exactly 
c o m p l e m e n t a r y  to that  of b rood  rear ing  (fig. 1). At the end of the foraging in 
April, over  90 % of all worke r s  were  dist inct ly corpulent ,  and  remained  so 
unt i l  b rood  rear ing began in Sep tember .  

Figure 3 shows the progress  of fa t ten ing  dur ing the foraging season. By 
late February ,  fa t tening was essential ly complete .  By N o v e m b e r  when  fo- 
raging began again and  there  were  no m o r e  feeding b rood  in the the nest  
(i.e., no larvae),  there were  no longer  any  recognizably corpulen t  workers .  
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Fig. 2. - -  Workers of Prenolepis imparis showing varying degrees of corpulence. Foragers 
(bottom, center) are derived from the previous year's corpulent workers after 
weight-loss during brood rearing. The two fattest workers (top row) probably 
weight about 6 mg., while the forager weighs about 2 mg. 

Abb. 2. - -  Unterschiedlich dicke Arbeiterinnen von PrenoIepis imparis. Sammlerinnen 
(unten, Mitte) stammen yon dicken Arbeiterinnen des Vorjahrs ab, die bei der 
Aufzucht der Brut abgemagert sind. Die zwei dicksten Arbeiterinnen (oben) wiegen 
ungef~ihr 6 mg, wShrend die Sammlerin etwa 2 mg wiegt. 

P e s u m a b l y ,  a l l  t h i s  m a t e r i a l  was  c o n s u m e d  in  t he  p r o d u c t i o n  of  b r o o d .  A b o u t  
a m o n t h  l a t e r  in  D e c e m b e r ,  w h e n  the  w o r k e r s  h a d  b e e n  f o r a g i n g  fo r  a b o u t  
a m o n t h ,  a b o u t  20 % of  the  w o r k e r s  w e r e  d i s t i n c t l y  c o r p l e n t  (fig. 3). None ,  

h o w e v e r ,  w e r e  a s  h e a v y  as  w o r k e r s  in  l a t e r  m o n t h s  (X ---- 4.0 m g  in  D e c e m b e r  
vs. 5.5 m g  in  S e p t e m b e r )  i n d i c a t i n g  t h a t  t he  c o r p u l e n c e  w a s  s t i l l  i n c r e a s i n g  
in  r e s p o n s e  to  f o o d  in t ake .  

W o r k e r s  f o r  f a t t e n i n g  w e r e  n o t  s e l e c t e d  a t  r a n d o m ,  b u t  c o n s i s t e d  
e n t i r e l y  of  c a l l o w  w o r k e r s ,  e s s e n t i a l l y  a l l  of  w h o m  b e c a m e  c o r p u l e n t .  This  is 
a p p a r e n t  f r o m  t h e  D e c e m b e r  n e s t  in  w h i c h  a l l  4,888 w o r k e r s  s h o w i n g  s igns  
o f  c o r p u l e n c e  w e r e  ca l low,  t h o u g h  2,150 c a l l o w s  d i d  n o t  ye t  s h o w  s igns  of  
c o r p u l e n c e .  N o n - c a l l o w s  w e r e  n e v e r  c o r p u l e n t .  F o r a g e r s  seen  a t  t he  s u r f a c e  
w e r e  a l w a y s  v e r y  d a r k  c o l o r e d ,  n e v e r  ca l low.  
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Fig. 

The  s i m p l e s t  e x p l a n a t i o n  of  t h e s e  o b s e r v a t i o n s  is t h a t  e a c h  b r o o d  of  
w o r k e r s  f u n c t i o n s  as  c o r p u l e n t s  d u r i n g  t h e i r  f i r s t  10 m o n t h s  of  a d u l t  l ife.  
A f t e r  g iv ing  u p  t h e i r  r e s e r v e s  to  b r o o d  r e a r i n g ,  t hey  f u n c t i o n  as  f o r a g e r s  
u n t i l  t h e y  die.  I n  s u m m e r ,  a s m a l l  f r a c t i o n  ( less  t h a n  10 %) of  w o r k e r s  a r e  
n o t  c o r p u l e n t .  I f  w e  a s s u m e  t h a t  t h e s e  a r e  su rv iv ing  f o r a g e r s ,  t h e y  m u s t  
have  e c l o s e d  a b o u t  a y e a r  b e f o r e  t h e i r  c o r p u l e n t  n e s t m a t e s ,  m a k i n g  t h e m  
a l m o s t  t w o  y e a r s  old.  H o w  m u c h  l o n g e r  t h e y  can  su rv ive  is n o t  p o s s i b l e  to  
say,  fo r  as  t h e  c o r p u l e n t  w o r k e r s  b e c o m e  lean ,  t h e y  b e c o m e  i n d i s t i n g u i s h a b l e  
f r o m  o l d e r  s i s t e r s .  

W h a t  is t h e  q u a n t i t a t i v e  r e l a t i o n s h i p  of  n u t r i e n t s  s t o r e d  to  b r o o d  
r e a r e d  ? This  w a s  e s t i m a t e d  f r o m  t h e  n u m b e r  of  w o r k e r s ,  t h e i r  e s t i m a t e d  
l e a n  w e i g h t  a n d  the  m e a n  w e i g h t  of  c o r p u l e n t  an t s .  R e s e r v e  s t o r a g e  w a s  
e s t i m a t e d  as  t h e  p e r c e n t  of  the  t o t a l  w o r k e r  l ive w e i g h t  w h i c h  w a s  r e se rves .  
S t o r a g e  a f t e r  b r o o d  r e a r i n g  in  N o v e m b e r  is  ze ro  p e r c e n t .  By  D e c e m b e r ,  i t  
h a d  c l i m b e d  to  22 % a n d  w h e n  b r o o d  r e a r i n g  c o m m e n c e d  in S e p t e m b e r ,  ove r  
60 % of  t h e  l ive  w e i g h t  of  w o r k e r s  w a s  s t o r e d  fat .  I n  o t h e r s  w o r d s ,  t he  
a v e r a g e  w o r k e r  c a r r i e d  1.5 t i m e s  i t s  l e an  w e i g h t  in  s t o r e d  r e se rves .  
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Data  f r o m  the two November  nests  a l lowed the es t imat ion  of efficiency 
of new ant  p roduc t ion  f r o m  this s tored  mater ia l .  By assuming  tha t  these 
nests  also en te red  b rood  rear ing wi th  60 % s tored  reserves  (3.5 m g  per  
worker) ,  it was  possible  to es t imate  the total  weight  of reserves  they used  
to p roduce  the  observed  weight  of  callow workers ,  pupae  and  males.  These 
calculat ions indicate  tha t  P. imparis was able to conver t  86 to 93 % of the 
s tored  ma te r i a l  into new workers ,  o r  a lmos t  1.5 t imes the worke r s '  lean 
weight  in new workers .  These calculat ions ignore the con t r ibu t ion  of w a t e r  con- 
tent,  based  as they were  on live weights.  In  spite of  the crudeness  of es t ima- 
t ion it is c lear  tha t  the efficiency of convers ion to new worke r s  was  very high. 

Sexual production and colony founding 

Sexuals were  p roduced  in the same  b rood  as worke r s  and  were  mos t ly  
adul ts  by  mid-November .  Both  N o v e m b e r  colonies conta ined  males  only, 
while the F e b r u a r y  colony contained 146 females  and  one male.  The December  
c o l o n y  con ta ined  no alates, even though it  was  the largest  colony. 
Apparen t ly  not  all m a t u r e  colonies p roduce  sexuals every year.  I did not  
observe  m a t i ng  flights, bu t  it is likely that  they take place in the ear ly spring, 
as r epo r t ed  fo r  the  Missouri  popula t ions  by  TALBOT (1943a). 

A single incipient  colony consisted of two small  chambers ,  one at  18 cm 
dep th  conta ining a single queen and  14 workers ,  only one of which  was  
corpulent ,  and  a second at  39 cm conta ined  19 workers ,  18 of which  were  
corpulent .  H e a d w i d t h  f requency dis t r ibut ion showed tha t  all 33 worke r s  
were  clear ly nani t ic  (mean headwidth  = 0.68 m m ;  S.D. = 0.034) (fig. 4, 
upper) .  When  lean, these workers  weighed only 0.58 m g  (S.D. 0.062 mg). As 
corpu len t  worke r s ,  thei r  weight  increased by 1.7 to 7.4 t imes,  wi th  a mean  
of 3.8 t imes.  The m e a n  weight  of  corpulen t  nani t ic  worke r s  was 2.19 mg 
(S.D. 0.91 mg).  The  total  weight  of  worke r s  was abou t  51 mg, of  which  
44 mg  (85 %) was  corpulents  which s tored  32 m g  of recoverab le  mater ia l .  
The co lony  was  excavated in early April, mak ing  it l ikely tha t  it was  founded 
ear l ier  in the same  winter .  

A young colony excavated in mid-January  showed 3 modes  in  the head- 
wid th- f requency  dis t r ibut ion of its worke r s  (fig. 4, lower).  The smal les t  
m o d e  coincided wi th  tha t  of the incipient  colony above,  and  the largest  wi th  
a typical  m a t u r e  colony. This suggested tha t  this colony was in its th i rd  
year,  or  a t  least  its th i rd  generat ion of workers ,  each  incrementa l ly  larger  
than  the prev ious  generat ion.  This colony conta ined  756 w o r k e r s  of which 
475 (63 %) had  headwid ths  distinctly smal le r  than  no rma l  w o r k e r s  in m a t u r e  
nests  (fig. 4). The deeper  of the two chamber s  (92 cm) and  the 10 cm tunnel  
be low it con ta ined  15 queens wi th  high s p e r m  counts  (means = 2.46 X 105 ; 
S.D. = 0.63 • 105; n = 13), possibly indicat ing recent  mat ing.  The large 
n u m b e r  of  queens  m a y  account  for  the relat ively large size of this young 
colony. 
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Fig. 4. - -  Comparison of size-frequency distribution among a mature, a young and an 
incipient colony of P. imparis. The incipient colony contained only a single mode 
of nanitic workers. In addition to nanitic workers, the young colony had produced 
a second, larger modal class and a third one within the size-range of the mature 
colony. Sample means of headwidths of workers in mature colonies (n = 130) are 
about 25 % larger than the nanitic class in the incipient colony (n = 33). The 
middle mode is 7 % larger than that of the nanitics. 

Abb. 4. - -  Gr6Benverteilung der Arbeiterinnen in einer reifen, einer jungen und in einer 
neu gegriindeten Kolonie yon P. imparis. Die neu gegrfindete Kolonie enthielt nur 
eine einzige Sorte von Arbeiterinnen. Die junge Kolonie hatte au~erdem noch eine 
zweite, gr6Bere Arbeiterinnensorte produziert sowie eine dritte Sorte, die etwa 
gleich groB waren wie die Arbeiterinnen einer reifen Kolonie. Die mittlere Kopf- 
breite der Arbeiterinnen einer reifen Kolonie (n = 130) liegt um etwa 25 % fiber der 
Kopfbreite der Arbeiterinnen einer neu gegriideten Kolonie (n = 33). Die mittel- 
groBe Arbeiterinnensorte ist um etwa 7 % grS~er als die Arbeiterinnen einer neu 
gegriindeten Kolonie. 

Queens 

Colon ies  o f  P. imparis in n o r t h  F l o r i d a  w e r e  p r e d o m i n a n t l y  po lygynous .  

Only  t w o  of  t he  8 o l d e r  nes ts  h a d  a s ing le  queen .  Q u e e n  n u m b e r  r a n g e d  

f r o m  1 to  6 w i t h  a m e a n  of  4.14 (S.D. = 2.27). Queens  h a d  d e v e l o p e d  ovar i e s  

a n d  w e r e  ly ing  eggs only  in the S e p t e m b e r  nes t .  The  n u m b e r  o f  v i t e l l ogen ic  

oocy t e s  (an  i ndex  of  egg-lying rate)  in t he se  6 S e p t e m b e r  q u e e n s  v a r i e d  f r o m  

57 to 220, i n d i c a t i n g  tha t  e i t h e r  s o m e  q u e e n s  a r e  r e p r o d u c t i v e l y  d o m i n a n t ,  o r  

t h a t  egg l ay ing  o f  i nd iv idua l  queens  m a y  n o t  be  in phase .  

The  o v a r y  o f  P. imparis  cons is t s  o f  18 to 25 r a t h e r  l ong  ovar io les .  T h e  

queens ,  l ike  t he  w o r k e r s ,  c o n t a i n e d  a g r e a t  dea l  of  fa t  b o d y  t h r o u g h o u t  m o s t  

o f  t he  year .  This  s h o w e d  s o m e  dec l ine  d u r i n g  the  egg-laying pe r iod ,  b u t  

q u e e n s  n e v e r  b e c a m e  as l ean  as w o r k e r s .  
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Fig. 5. - -  V iew in to  t h e  ho le  r e s u l t i n g  f r o m  
a c o m p l e t e  n e s t  excava t ion .  T h e  b o t t o m  
c h a m b e r  o f  t h i s  n e s t  w a s  3.3 m .  deep.  
T h e  n e s t  w a s  in  t h e  s q u a r e  c u t  exca-  
v a t i o n  a t  t h e  b o t t o m  of  t h e  p h o t o .  

Abb.  5. - -  B l ick  in  die G r u b e  n a c h  d e r  
vol l s t~ indigen A u s g r a b u n g  e ines  Nes t e s .  
Die u n t e r s t e  K a m m e r  d ieses  Nes t e s  lag  
in  3.3 m Tiefe.  Das  N e s t  b e f a n d  s i ch  
in  d e m  v i e r eck igen  A u s s c h n i t t  a m  un-  
t e r e n  R a n d  de r  P h o t o g r a p h i e .  

Fig. 6. - -  M ode l  o f  t h e  2.4 m deep  J a n u a r y  co lony  s h o w i n g  the  
c e n t r a l  ve r t i ca l  t u n n e l  a l ong  w h i c h  t h e  c h a m b e r s  a re  
a r r a n g e d .  T h i s  n e s t  c o n t a i n e d  31 c h a m b e r s  w i t h  a to ta l  
a r e a  o f  a b o u t  1,800 cm2, a n d  h o u s e d  8,700 w o r k e r s  a n d  
6 q u e e n s .  T h e  l a rge r  c h a m b e r s  a r e  a t  m i d - d e p t h ,  b u t  
t h e r e  a r e  no  c h a m b e r s  s h a l l o w e r  t h a n  60 cm.  T h i s  ne s t  
r e a c h e d  to t h e  w a t e r  table ,  p o s s i b l y  e x p l a i n i n g  w h y  it  w a s  
n o t  deepe r .  

Abb.  6. - -  Model I  e ines  2.4 m t i e fen  N e s t e s ,  d a s  i m  J a n u a r  
a u s g e g r a b e n  w u r d e .  An  d e m  zen t r a l en ,  s e n k r e c h t e n  G a n g  
b e f i n d e n  s i ch  d ie  e inze lnen  K a m m e r n .  Das  N e s t  en th i e l t  
31 K a m m e r n  m i t  e ine r  Gesamtf l~iche  v o n  ca.  1 800 cm2, 
8 700 A r b e i t e r i n n e n  u n d  6 K S n i g i n n e n .  Die grSBeren K a m -  
m e r n  b e f a n d e n  s ich  in m i t t l e r e r  Tiefe,  d ie  o b e r s t e  K a m -  
m e r  l ag  60 c m  u n t e r  d e r  Oberf l i iche.  Das  N e s t  r e i ch t e  
b is  z u m  G r u n d w a s s e r s p i e g e l ,  w a s  m 6 g l i c h e r w e i s e  erkli ir t ,  
w a r u m  es  n i c h t  t i e fe r  war .  
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Colony populations and colony age 

All together, the colonies consti tute a haphazard  sample of the populat ion 
of colonies f rom which they were sampled. As might  be expected for  stable 
populations,  the number  of workers  varied widely f rom a low of about  600 to 
a high of 10,300 (mean = 3,790 ; S.D. = 3,650 ; incipient colony not included). 
Colonies with as few as 1,500 workers  were capable of producing a few 
alates (November  nest 1), while larger colonies can produce at least 20 % as 
many  males as workers  (November nest  2). 

How old are these colonies ? The annual rate of increase in worker  
populat ion can be computed for  the nests containing callow workers  (Nov., 
Dec.) by dividing the number  of old workers  (non-caUows) into the number  
of new workers  (callows and worker  pupae). The values were 2.3 and 2.0 for 
the two mid-size November  colonies, and 2.2 for the large December colony. 
These values are for the beginning of the foraging season, of course. By the 
end, most  of the old workers  will have died, leaving a colony populat ion 
about  twice as large as the previous year. Colony age can be approximated 
by the n u m b e r  of divisions by 2 required to reduce the worker  populat ion 
to approximately that of the first b rood  in a newly founded nest (ca. 25-50). 
This calculation suggested that a colony of 9 or  10 thousand workers  is 7 
to 9 years old. 

Nest  Architecture 

The nests of P. imparis were impressive by their scale and neat orga- 
nization. Even the nest with only 600 ants was 2.4 m deep, while the deepest 
nest  bo t tomed  out at 3.6 meters (mean = 2.83 m ;  S.D. = 0.48; n = 8) 
(fig. 5). A tall ladder was a necessity for  entry and (more importantly)  exit 
f rom the excavation. 

The basic s t ructure of P. imparis nests is a vertical tunnel joining domed, 
horizontal-floored chambers  about  1 cm high and of variable area and shape 
(fig. 6). The vertical tunnel may be cont inuous through several or  all cham- 
bers, so that  a s traw may be slipped all the way down, or  the next down-leg 
may be offset so that a s traw will slip only f rom chamber  to chamber.  The 
former  pa t te rn  was common,  while the latter seemed to occur  most ly in the 
upper  chambers  of some nests. 

One of the most  striking features of the nests is that  even the shallowest 
chambers  were quite deep (fig. 7), compared  to other  species of ants. No 
nests had chambers  shallower than 60 cm, and 3 had none shallower than 
120 cm. Once chambers  began, they occured with fair regulari ty along the 
vertical tunnel. 

Chamber  area showed some regulari ty of pat tern  with respect  to chamber  
depth. The smallest chambers  tended to be the shallowest and deepest ones, 
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Fig. 7. - -  Schemat ic  scale represen ta t ion  of the  nes ts  of Prenolepis imparis. Depth  of 
chamber s  be low the  surface is to the  same scale as the  s i lhouet te  of a 5,~ f t  (1.6 m) 
tall man.  Chamber  area  is represen ted  by hor izonta l  lines according to the 
indica ted  scale. The sampling m o n t h  is indicated.  Two nests  were  sampled in 
November .  Nov.-2 was not  yet open and  was s t ruck  accidentally dur ing  excavation 
of Nov.-l, miss ing  i t s  uppe r  chambers .  

Abb. 7. - -  Schemat i sche  Darstel lung der  Nes ter  yon Prenolepis imparis. Die Tiefe der  
K a m m e r n  ist  auf  der  l inken Skala angegeben,  rechts  zum Vergleich die Si lhouet te  
eines 1.6 m grol3en Menschen.  Die hor izon ta len  Linien zeigen die Fl~ichen der  
K a m m e r n  (untere  Skala). Der jeweilige Monat ,  in dem die Nester  ausgegraben 
wurden ,  i s t  oben  angegeben. I m  November  w u r d e n  zwei Nes ter  gefunden.  Das 
Nest  Nov-2 w a r  noch  nicht  of ten und  wurde  zuf~illig w~ihrend der  Ausgrabung yon 
Nest  Nov-1 entdeckt ,  wobej die oberen  K a m m e r n  zerst/Srt wurden.  

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

t w o  (fig. 7). 
T o t a l  c h a m b e r  a r e a  ( c m  2) s h o w e d  a s t r o n g  r e l a t i o n s h i p  t o  t h e  n u m b e r  

o f  w o r k e r s  i n  a c o l o n y  (A = 0.15 W + 285 ; R 2 = 0.82) (Fig. 8). E a c h  w o r k e r  

i n c r e a s e d  c h a m b e r  a r e a b y  0.15 c m  2. T h i s  a r e a ~ i n c r e a s e  ~ s e e m e d  t o  b e  a l -  
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Fig. 8. -- Chamber  area-frequency distr ibution for  the n e s t s  of Prenolepis imparis. The 
distr ibut ions are strongly skewed because colonies construct  only a small number  
of  chambers  ]arger than the modal  class. Number  of chambers ,  workers  and total 
chamber  area are indicated. Arranged in order  of increasing 'colony size f rom top 
top to bot tom.  The bot tom his togram also shows representat ive outlines for  cham- 
bers  of increasing area, roughly in line wi th  the abcissa scale. 

Abb. 8. - -  Gr/5~enverteilung der Fl~iche der  Nes tkammern  yon Prenolepis imparis. Die 
Verteilung ist asymmetrisch,  well die Kolonien nur  wenige gr/5~ere Kammern  
besitzen. Die Anzahl der  Kammern,  der  Arbeiterinnen sowie die Gesamtfl~iche 
der  Kammern  sind angegeben. Die Kolonien sind von oben nach unten entspre- 
chend ihrer  Gr/5~e angeordnet.  
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located first to increased numbers  of chambers ,  and second to increasing 
the area of par t icular  chambers  (fig. 8) so that  large colonies showed a 
dramat ic  increase in the mean size of their  largest chambers .  The chamber  
a rea / f requency  distr ibution is therefore s t rong ly  skewed. 

As chambers  increased in size, their horizontal  project ions  also changed 
shape. Small chambers  were nearly circular, but  larger chambers  had ever 
more  complex perimeters  (fig. 8, bottom).  Chambers  tend to become en- 
larged by pseudopod-like extensions of port ions of the perimeter .  The com- 
plexity of this per imeter  was est imated by comput ing the rat io of the mea- 
sured per imeter  to the per imeter  of a circle of equal area. This ratio (P) 
showed a high correlat ion to chamber  area (A) according to the regression 
P = 0.011 A + 1.24 ; R 2 = 0.67. (A is in cma). For example, a 200 cm 2 chamber  
had about  3.5 t imes the per imeter  of a 200 cm a circle, but  this ratio was only 
1.7 for  a 50 cm a chamber.  

Distribution of workers 

In  all colonies but November  nest 2, the workers  became more  and more  
concent ra ted  as the dig descended, so that  the bo t tom chambers  were often 
completely packed with ants. This could easily have been the result of 
driving the ants downward  through the dis turbance created by digging, a 
suspicion also expressed by TALBOT .(1943a). To test whe ther  this was so, a 
variat ion of the s tandard  digging method was applied to a single colony on 
Feb. 23, 1986. On the first day, a 3 m deep shaft  was sunk adjacent  to the 
nest, but  the  nest was not cut into. The hole was covered with plywood, and 
the ants left for  4 days to reassort  themselves in what  was hoped would be 
a natura l  way. The hole was then re-entered, the chambers  located by just  
cut t ing into them f rom the vertical face. Sheets of metal  were driven hori- 
zontally into wall so that  they transected the tunnels connecting the cham- 
bers and prevented ants f rom moving f rom chamber  to chamber .  Ecavation 
then proceeded as before. 

The dis tr ibut ion of workers  in this "' barr ier  nest  " was similar to that 
in most  of the o ther  digs (fig. 9). Furthermore,  if the dis turbance of digging 
drove the ants downward,  they would accumulate  in the tunnels above the 
barriers.  Only three of the nine barr iers  showed some accumulat ion,  in- 
dicating that  some downward  movement  occurred;  but  it was not  massive. 
The dis tr ibut ion of workers  in the 8 "' non-barr ier  " nests can thus be taken 
as reflecting actual distribution. A Kolmogorov-Smirnov goodness-of-fit test 
indicates that  the distr ibution of workers  in t h e  barr ier  and all non-barrier  
nests except Nov. 2 are significantly different f rom un i fo rm distr ibution 
(p ~ 0.001). The barr ier  nest was, however,  significantly different f rom 
the mean  of the o ther  nests (minus the Nov-2 nest) indicating that  digging 
may  have had a significant effect on worker  distribution. Nevertheless, 
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Fig. 9. - -  For  most  nests, as the excavation proceeded downward,  chamber  area (as % of 
total) cumulated much more  rapidly than did the fraction of the worker  population. 
Workers were  ever more  densely packed in the deeper chambers ,  and this was 
true even when workers  were prevented f rom moving down in the nest  before 
excavation (Feb.-barriers;  see text). The diagonal line represents  the case in 
which workers  are evenly distr ibuted in the chambers ,  i.e., area and workers  
cumulate at the same rate. Such a distr ibution was observed only for the Nov-2 
nest.  

Abb. 9. J Im Veriauf der Ausgrabung summier t  sich die Kammerfl~che (Prozent der  
Gesamtfl~iche) schneller als die Anzahl der  Arbeiterinnen (Prozent der Gesamtzahl) ; 
d.h. es befinden sich mehr  Arbeiterinnen in den tiefen K ammern ,  und zwar auch 
dann, wenn die Arbeiterinnen vor der Ausgrabung daran gehindert  wurden,  nach 
unten  auszuweichen (Feb-barriers, s. Text). Die Diagonale gibt die Gleichverteilung 
der Arbeiterinnen in den Kammern  an. Eine solche Verteilung wurde  nu t  in dem 
Nest Nov-2 gefunden. 

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

b u t i o n  (fig. 9). 
Figure 9 s h o w s  t h a t  a s  o n e  p r o c e e d e d  d o w n w a r d  in  t h e  n e s t ,  c h a m b e r  

a r e a  c u m u l a t e d  m o r e  r a p i d l y  t h a n  d i d  w o r k e r  n u m b e r  ( b o t h  e x p r e s s e d  a s  
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Fig. 10. - -  The  percen t  of workers  tha t  were corpulent  in relat ion to c h a m b e r  depth.  

The deeper  the  chamber ,  the greater  the f rac t ion  of workers  which  were  corpulent .  
I n  Feb-barr iers  nes t  workers  were unable  to travel  be tween c h a m b e r s  (see text). 
Similar i ty  of worker-dis t r ibut ion of this  nes t  and  o thers  conf i rms  tha t  d i s t r ibu t ions  
are  not  a r t i fac ts  caused by excavation. 

Abb. 10. - -  Prozentuale  H~iufigkeit der dicken Arbei ter innen in den verschieden t iefen 
K a m m e r n .  Je t iefer  die K a mme r ,  des to  gr6Ber war  der Anteil der  dicken 
Arbei ter innen.  In  einem Nest  wurden  Barr ie ren  e ingebaut  (Feb-barriers,  s. Text), 
so dab es den  Arbei ter innen unm/Sglich war,  zwischen den K a m m e r n  hin- und  her- 
zulaufen.  Die Vertei lung der Arbe i te r innen  in diesem Nest  ist  ~ihnlich der in 
ande ren  Nes tern ,  so da~3 die Vertei lung der  Arbei ter innen nicht  du rch  die Aus- 
g r abung  ve ru r s ach t  wurde.  
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percent  of total). The only exception to this was the November  nest 2 whose 
distr ibution did not differ significantly f rom uni form (that is, chamber  area 
and worker  number  cumulated at identical rates. Kolmogorov-Smirnov Test). 
This was also the only nest  which contained a substantial  f ract ion of b rood  
and alates (35 %), implying that  chambers  are fully and evenly utilized only 
for brood rearing. When brood or  alates were not  present  in large numbers ,  
the workers  packed into the bo t tom of the nest, often completely filling the 
lowest chambers,  a condit ion noted by both  DENNIS (1941) and TALBOT 
(1943a). Thus, the density of ants over all chambers  was usually between 3 
and 8 a n t s / c m  2 (overall mean = ~6.7 ants/cm2), but  in the bo t tom chambers  
it was usually between 15 and 50 an t s / cm  2. 

Both  callows and corpulent  workers  were more  represented at greater  
depths (fig. 10). As noted above, callows became corpulent,  so the dis- 
tribution of these two types is essentially the same. In  mos t  nests, 70 to 
95 % of workers  in the bo t tom chambers  were callow a n d / o r  corpulent.  
These were, of course, the youngest  workers ,  indicating s t rong stratif ication 
by age within the nest. Such strat if icat ion has been noted in other  species 
as well (PORTER and JORGENSON, 1981 ; MIRENDA and VINSON, 1981). 

The effect of this worker  dis tr ibut ion was to keep most  of the nest 
populat ion in a zone of modest  annual  tempera ture  f luctuat ion (1ig. 11). 
Below 200 cm, the tempera ture  varied less than 8 ~ C. while at 50 cm it varied 
13 ~ C. For  most  of a typical colony the tempera ture  never exceeded about  
25 ~ nor  fell below about  16 ~ C. The annual  tempera ture  wave lagged with 
depth so that  the gradiant  over turned twice each year. I t  is interesting that 
the brood were reared during the fall turn-over when the gradient  was weak 
or  disorganized. 

D I S C U S S I O N  

Prenolepis imparis possesses a number  of interesting and special 
features : 1) I t  forages exclusively in the cool months  when most  o ther  ants 
are less active or  inactive ; 2) its workers  store more than twice their  weight 
in fat and nu t r i en t s ;  3) eight months  of the year are spent sealed in the 
nest  with no food in take ;  4) dur ing the last two months  of this 
period, a single brood almost  twice the weight of the (lean) worker  popula- 
tion is r ea red ;  5) young workers  become corpulent,  s toring material  for  the 
next year 's  brood, while the previous year 's  workers  become lean and 
forage ;  6) in nor th  Florida, the nests are very deep, keeping the ants in a 
zone of modera te  seasonal tempera ture  fluctuation. 

My findings differ f rom those of TALBOT (1943a, b) and DENNIS (1941) in 
several interesting ways. While the a r rangement  of chambers  and tunnels 
was similar in all areas, in nor th  Florida the nests were a lmost  3 times 
as deep as in Missouri or Ohio and 4 times as deep as in Tennessee. In  part,  
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Fig. 11. - -  Seasonal fluctuation of soil temperatures in relation to depth. Temperatures 
were measured during nest excavations. Several temperatures at 300 and 400 cm 
were derived b y  extrapolation from shallower temperatures. The annual mean for 
1'983-5 is indicated. 

Abb. 11. - -  Jahreszeitliche 5nderungen der Bodentemperaturen in verschiedenen Tiefen. 
Die Temperaturen wurden w~ihrend der Ausgrabungen gemessen. Verschiedene 
Temperaturen in 300 cm und 400 cm Tiefe wurden yon Temperaturen in fl~icheren 
Bodenschichten extrapoliert. Die durchschnittliche Jahrestemperatur ftir 1983-5 
ist angegeben. 

t h i s  m a y  r e p r e s e n t  t h e  d i f f e r e n c e  b e t w e e n  n o r t h  F l o r i d a  s a n d  a n d  t h e  c l ay  
so i l s  of  t h e  o t h e r  s t u d y  a r ea s ,  b u t  t he  f ac t  t h a t  t h e  u p p e r  c h a m b e r s  w e r e  
n e v e r  less  t h a n  60 c m  d e e p  in  F l o r i d a ,  b u t  o n l y  a few c m  in  M i s s o u r i ,  Ohio  
a n d  T e n n e s s e e  a r g u e s  t h a t  t e m p e r a t u r e  m a y  p l a y  a n  i m p o r t a n t  r o l e  in  cham-  
b e r  d i s t r i b u t i o n  a n d  d e p t h .  T e m p e r a t u r e  a l m o s t  c e r t a i n l y  p l a y s  a ro l e  in  t he  
l e n g t h  o f  t h e  e s t i v a t i o n  p e r i o d  : 1 to  2 m o n t h s  in  Ohio,  7 to  8 m o n t h s  F l o r i d a .  
I t  is t he  e x t r e m e  l e n g t h  of  th i s  p e r i o d  t h a t  m a k e s  i t  so o b v i o u s  t h a t  t he  
b r o o d  r e a r e d  a t  i t s  e n d  a r e  r e a r e d  e n t i r e l y  on  s t o r e d  b o d y  s u b s t a n c e .  TALBOT 
d i d  n o t  r e c o g n i z e  t h a t  a l l  c a l l ow s  f u n c t i o n  a s  " r e p l e t e s  " ( a c t u a l l y  co rpu -  
l en t s )  d u r i n g  t h e i r  f i r s t  y e a r  a n d  f o r a g e r s  d u r i n g  t h e i r  s e c ond .  I n  h e r  s t udy ,  
t h e  f r a c t i o n  o f  c o r p u l e n t s  n e v e r  d r o p p e d  b e l o w  67 %, w h i l e  in  m i n e ,  n o n e  
w e r e  p r e s e n t  a t  t he  e n d  of  b r o o d  r ea r ing .  I n  b o t h  l oca l i t i e s ,  b r o o d - r e a r i n g  
t o o k  p l a c e  in  t h e  two  m o n t h s  b e f o r e  t h e  n e s t  w a s  r e - o p e n e d  in a u t u m n .  
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However ,  while in the no r the rn  localities this was  all of  the two-month  es- 
t ivation, in Florida,  it occupied only the last  25 % of this period.  

R e s u m p t i o n  of foraging in bo th  areas  cor responds  roughly  to the 
appea rance  of pupae  and callows in the nest.  In  TALBOT'S study, m a n y  still 
had  larvae  th rough  the middle  of the nest  re-opening period.  Perhaps  this 
r e sumpt ion  of foraging before  comple t ion  of brood-rear ing accounts  for  the 
presence  of reple tes  at  this t ime. In  Florida,  b rood-rear ing  is comple te  when  
nests  are  reopened  and corpulents  are  there fore  absent.  

Queen n u m b e r  is dramat ica l ly  h igher  in n. Florida than  any  of the 
no r the rn  populat ions .  Both  TALBOT (1943a) and  DENNIS (1941) r epor t ed  tha t  
2 of 17 and  1 of 11 nests  had  two queens.  The res t  were  monogynous .  In  n. 
Flor ida by  contras t ,  6 of 8 m a t u r e  colonies were  polygynous.  Average queen 
n u m b e r  was  over  4. The single " 3-year " colony conta ined  15 queens.  

The key  adap ta t ion  which allows P. imparis to indulge in this lifestyle is 
the abil i ty to s tore  large amoun t s  of mate r ia l  in the hype r t roph ied  fat  body 
of workers .  A s imilar  type of s torage was  descr ibed in Formica japonica by 
KONDOH (1968b) and  in F. ulkei by HOLMQUIST (1928, in KONDOH, 1968a). 
Arguing tha t  the na ture  of the s tored  mate r ia l  was  not  known to be  only fat, 
KONDOH developed an " index of corpulency  " for  re la t ive  weight  on a given 
body  size. For  F. japonica, corpulen t  worke r s  weighed abou t  twice  as m u c h  
as lean, while for  P. imparis this fac tor  is abou t  2.5. Both  F. japonica and 
F. ulkei becom e  corpulent  in the a u t u m n  and lose corpulency dur ing the 
rear ing  of the next  s u m m e r  brood,  a per iod  dur ing which worke r s  forage. In  
F. japonica and F. uIkei, it is thus not  possible  to say unambiguous ly  tha t  
the corpulence  of worke r s  provides  mate r ia l  p r imar i ly  for  b rood  rear ing 
r a t he r  than  hibernat ion.  In  P. imparis on the o ther  hand,  this is obvious 
because  b rood  rear ing comple te ly  precedes  foraging. 

Many ants  have worke r s  which s tore  liquid food in great ly  d is tended 
crops  (repletes) (WHEELER, 1910; WILSON, 1971), and  until  now, the worke r s  
of P. imparis were  mis takenly  a s sumed  to be repletes  as well  (TALBOT, 
1943a, b ;  WHEELER, 1930). A n u m b e r  of advantages  of storing" fat  over  or- 
d inary  reple t ion  suggest themselves  : possible  spoilage is avoided, the caloric 
concen t ra t ion  is p robab ly  higher,  and  the mate r ia l  can be more  rapidly  
mobi l ized into secre tory  products .  H o w  the fat  is mobil ized for  larval  and 
queen use  is, of  course,  comple te ly  unknown.  

Foragers  of P. imparis have long been known to be able to forage at very 
low t empera tu res ,  a lmost  to freezing (TALBOT, 1943b; WHEELER, 1930). In  
fact,  they vanish  into the i r  nests  before  the spr ing w a r m s  the soil surface  
very  much.  Despite  this obvious fo rager  p r e f e r ence  for  cold t empera tu res ,  
the non-foraging nest  popula t ion  is not  exposed to par t icu lar ly  low tem- 
pera tures .  At the same ins tant  tha t  foragers  may  be making  the i r  mollasses-  
paced  foraging t r ips  at 1 or  2 ~ C on the g round  surface,  worke r s  deep in the 
nest  a re  bask ing  in a ba lmy  18 to 20 ~ C. I t  is possible  tha t  foragers  shut t le  
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back  and  fo r th  b e t w e e n  these extremes.  Whe the r  they  show unusual ly  w i d e  
ranges  of  t e m p e r a t u r e  adap ta t ion  is not  known, b u t  they are capable  of  mo- 
vem en t  a t  r e f r ige ra to r  t empera tu re ,  when  ants  such  as S. invicta are  com- 
ple te ly  immobi le .  BRIAN (1983) and  WHEELER (1930) speculate  tha t  m o s t  
ants ,  including t ropica l  ones, are thermophi l ic  and  may  be l imi ted  by  avai- 
labi l i ty  of w a r m t h .  Almost  all ants  act ive in cool places or  seasons  a t t e m p t  
to maximize  exposure  to high t empera tu res .  This cont ras t s  sharp ly  wi th  
Prenolepis imparis whose  t e m p e r a t u r e  p r e f e r e n d u m  is for  lower,  r a t h e r  t h a n  
higher  t e m p e r a t u r e  (TALBOT, 1943b). 

Chambers  excavated  in the ea r th  are  one of the c o m m o n e s t  nest  f o rms  
among  the ants .  Thei r  f o r m  and  dep th  vary  enormously ,  and  a l though m u c h  
descr ipt ive  w o r k  has  been  publ i shed  (BRIAN, 1983), no comprehens ive  review 
of nest  a rch i t ec tu re  exists. Organizat ion and  f o r m  of ,underground chamber s  
m a y  vary  f r o m  the sponge-like t he rmoregu l a to ry  mounds  of Solenopsis in- 
victa, to the s w a r m s  of ovoid chamber s  of Atta spp. (MosER, 1963), the com- 
plex sys tems  of mul t ip le  tunnels  and chambe r s  of some  Formica spp. (TALBOT, 
1948) and  Pogonomyrmex occidentalis (LAvI6NE, 1969) or  the "' sh ish-kabob " 
nests  of  Preno!epis .imparis (TALBOT, 1943) wi th  its single, cent ra l  tunnel  
connect ing a s t ack  of hor izontal  chambers .  The deepest  r epo r t ed  nests  are 
p robab l y  those  of  Atta spp. which regular ly  descend to more  than  4 m. 
(MOSER, 1963), bu t  these are  also species wi th  eno rmous  w o r k e r  popula t ions .  
Among species wi th  more  modes t  colony size, Formica japonica and Messor 
aciculatum descend to over  3 m. (KONDOH, 1968; KUBOTA, 1948, ci ted in 
KONDOH, 1968). P. imparis matches  these species in depth  of nest ,  a t  least  in 
n. Florida.  

Judging  f r o m  the nests  of  P. imparis colonies of  var ious  sizes, nes t  dep th  
increased  to near ly  its full extent  early in colony life, a fact  also no ted  by  
DENNIS (1941). Next,  the n u m b e r  of small  chambe r s  increases,  while increase  
in the a rea  of  individual  chamber s  takes  place mos t ly  in r a t he r  large 
colonies. When  cham ber s  are  enlarged, this is accompl i shed  by  " pseudopod-  
l ike " extensions of  the per imeter .  Ants m u s t  concent ra te  the i r  excavat ion 
ef for ts  on pa r t s  of  the per imeter ,  r a t h e r  t h a n  dis t r ibut ing t hem evenly 
a ro und  the walls  of  the chambers .  The c h a m b e r  shape  represen t s  the phy- 
sical ou t come  of  the social organizat ion of l abor  in the nest.  Nes t  s t ruc tu re  
m u s t  surely feed back  upon  how efficiently the ants  ca r ry  out  vital  colony 
funct ions  and  allocations.  The fact  that ,  at  least  in P. imparis several  nes t  
a rch i tec tura l  p a r a m e t e r s  g row at  d i f ferent  ra tes  dur ing di f ferent  phases  of  
the  colony life cycle, implies tha t  there  m a y  be  regular  effects  of these 
p a r a m e t e r s  on o the r  aspects  of social biology.  

The pack ing  of t h e  ma jo r i t y  of worke r s  in to  the b o t t o m  of the nest ,  
leaving the u p p e r  chamber s  sparse ly  popu la t ed  o r  even empty ,  is s o m e w h a t  
puzzling. Why  do the ants  have so m u c h  unused  c h a m b e r  a rea  ? The single 
nest  showing u n i f o r m  dis t r ibut ion a m o n g  chamber s  was also the only one 
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which conta ined  a large am o un t  of b rood  and  alates. This indicates tha t  
the ants  m a y  sp read  out  only when  they need the space for  efficient  b rood  
care.  During the foraging season and  est ivat ion on the o the r  hand,  corpulent  
worke r s  m a k e  up  an increasing f rac t ion  of the ever  m o r e  densely packed  
worke r s  in the deeper  chambers .  I t  is l ikely tha t  the ver t ical  d is t r ibut ion  of 
corpu len t  worke r s  is s imply  the d is t r ibut ion of callows. A s imi lar  pa t t e rn  
has  been  no ted  in Pogonomyrmex occidentalis, in which  worke r s  pack  into 
the b o t t o m  chambers  for  h iberna t ion  (LAvxaR~., 1969). Callows are  also more  
abundan t  in the deeper  chambers  of Pogonomyrmex badius. In  all ants  in- 
vest igated to date, young workers  move  f r o m  the b rood  a rea  to the nest  
p e r i m e t e r  and  out  as they age, paral lel ing the change in thei r  m a j o r  tasks  
f r o m  b rood  care to general  nest  duties to foragers .  In  P. imparis, this move- 
m e n t  is u p w a r d  and, because the generat ions  are so discrete,  p robab ly  takes 
place in cohor ts  r a the r  than  gradually,  resul t ing in the obse rved  w o r k e r  
dis t r ibut ion.  While it seems logical tha t  chambe r s  are enlarged in response  
to increased w o r k e r  number ,  this popula t ion  increase  takes  place before  the 
nest  is opened  and the chambers  enlarged.  After  opening,  m a n y  of the 
ch am be r s  which are candidates  for  en la rgement  are  p robab ly  sparse ly  oc- 
cupied  because  worke r s  move to the b o t t o m  of the nest  a f t e r  b rood  produc-  
tion. The densi ty  of ants in chambers  is thus m o s t  even dur ing b rood  pro- 
duct ion when  the nest  is closed and  no increase  in a rea  is possible.  When  
nest  en lagement  does occur  it is in p r epa ra t i on  fo r  the b rood  to  be  p roduced  
a lmos t  a year  later.  I t  is space which  r emains  unuti l ized unti l  tha t  t ime. 

The incipient  and "' 3-yr old " colonies (fig. 4) leave the ques t ion  of 
p leomet ro t i c  founding unanswered.  The mul t ip le  queens in the la t ter  could 
have  been added  post-founding. Until a colony builds up a sufficient  worke r  
force  to excavate  a deep nest, it m u s t  es t ivate  nea r  the surface,  subjec t  to 
h igher  t empe ra tu r e s  ( >  26~ 

I t  is interest ing that  even under  these condit ions nani t ic  worke r s  appea r  
to be  able to live into the colony's 3rd yea r  (or  generat ion) ,  in spite of the 
low expected  longevity associated wi th  the i r  small  body  size. The f irst  two 
genera t ions  each produce  workers  la rger  than  themselves ,  t rading size for  
numbers .  Perhaps  this t rade-off  m u s t  be  accompl i shed  in stages, account ing 
for  the 3 dist inct  sizes of worke r s  in this young nest.  

While WHEELER (1930) claims the ent i re  USA and pa r t s  of Ontar io  and 
Mexico for  P. imparis' range, there is li t t le in fo rmat ion  on the types of habi- 
ta ts  in which  it is found within this range.  In  Arizona, I have  found it high 
in the Chiracahua Mts. In  Colima, Mexico, it also occurs  at  7,500 ft. elevation. 
I t  seems likely that  the ant  occurs  only at h igher  elevations in the t ropical  
and  subt ropica l  par t s  of its range, keeping it in the cooler  habi ta ts .  While 
pe rhaps  cool enough for  P. imparis' taste,  these t ropical  hab i ta t s  are also 
m u c h  less seasonal.  I t  would be in teres t ing to de te rmine  how the colony 
cycle is modi f ied  for  these conditions. 
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