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S U M M A R Y  

Factors  affecting local geographic d i s t r ibu t ion ,  for-lging behav ior  and  act ivi ty,  
forage selection, n u m b e r s  of foragers  per colony, nest  spacing and  nest  s t ruc ture  of 
P o g o n o m y r m e x  rugosus and Pogonomyrmex  borbalus were studied.  There were seasonal  
differenees in foraging activity.  P. barbatus was more  active in ear ly s u m m e r  and 
foraged at  n ight  while P. rugosus was more  active in m i d - s u m m e r  foraging at  n ight  
du r ing  Ju ly .  Both species exhibi ted forage preference for grass  seeds bu t  took a 
var ie ty  of o ther  mater ia ls .  Where  both  species inhabi ted  the same area they  had  an 
index of overlap for forage of 0.7. The colonies  of both species were r a n d o m l y  dis t r i -  
buted.  Colony dens i ty  was app rox ima te ly  20 per  hectare  in a reas  suppor t ing  one or 
both  species. There was no evidence of intraspecific aggress ion and  foraging  areas  of 
colonies of the same species overlapped cons iderably .  P. burbalus and P. rugosus avoid 
compet i t ion  by hab i t a t  selection. Interspecific aggress ion probably  accounts  for the 
lack of overlap in local d is t r ibut ion.  

R~SUM~ 

Ecologie compar~e des Fourmis r~colteuses 
de Pogonomyrmex barbatus (F. Smith) el Pogonomyrmex rugosus (Emery) 

Nous avons  dtudi6 les fac teurs  qui  inf luencent  la d ispers ion  gdographique,  le compor-  
t em en t  et l ' in tens i td  de rdcolte, le ehoix de la rdcolte, le nombre  d 'ouvr ibres  rdeolteuses 
d en s  ehaque  soei6t6, l ' in terval le  entre  les n ids  a ins i  que la s t ruc tu re  des n ids  de Pogono- 
m y r m e x  ragosas et de Pogonomyrmex  barbalus.  Nous avons  d6eeld des va r i a t ions  sa ison-  
n i t r e s  dens  le cornportement  de rdeolte. P. barbatus s 'es t  mont rde  p lus  active au ddbut 
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de l'dt6 et a r6colt6 la nui t ,  t and i s  que P. ruffosus a pr6sent6 une pointe d 'act ivi t6  au 
mi l ieu  de l'~t6, la r6colte de n u i t  se f a i s an t  en ju i l le t .  Les deux esp6ees ont  mani fes t6  
une pr6fdrence pour  les gra ines  de gramin~es,  mais  ont  r6colt6 aussi d ' au t res  rna t6r iaux.  
Lh off les deux esp6ces cohabi ta ien t ,  l eur  ind i te  d ' empi6 tement  pour  les r6coltes 6ta i t  
de 0,7. Les soci6t6s a p p a r t e n a n t  aux deux esp6ces 6taient  r~part ies  au hasa rd .  La 
densit6 des sociftds s '~levait  h envi ron  20 pa r  hectare  dans  les sites qui a b r i t a i e n t  soit  
l 'une  soit les deux espbces. Aucune preuve d 'agress ion intrasp6cifique West apparue  h ien  
que les te r r i to i res  de r6colte de la mSme esp6ce a ient  fit6 la rgement  imbriqu6s .  P. bar- 
batus et P. rugosus 6vi tent  la  concurrence pa r  le choix de l 'habi ta t .  L 'agress ion in te r -  
sp~eifique explique p robah lemen t  l ' absence d 'empi~tement  des deux esp6ces dans  la d i s t r i -  
bu t ion  locale des colonies. 

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

H a r v e s t e r  a n t s  of t h e  g e n u s  P o g o n o m y r m e x  a r e  c o m m o n  i n s e c t s  in  t h e  sen t i -  

a r i d  r e g i o n s  of N o r t h  A m e r i c a  (COLE, 1968).  Most  e c o l o g i c a l  s t u d i e s  h a v e  c o n e e n -  

t r a t e d  on  t he  w e s t e r n  h a r v e s t e r  an t ,  P o g o n o m y r m e x  occidentalis ,  w h i c h  is  i m p o r -  

t a n t  in  t h e  g r a s s l a n d s  of  w e s t e r n  N o r t h  A m e r i c a  (Roc, ERs, 1974;  ROGERS et al., 
1972; LAVmNE a n d  ROGEaS, 1974).  F e w  s t u d i e s  h a v e  c o n c e n t r a t e d  o n  t h e  

eco logy  of h a r v e s t e r  a n t s  in  d e s e r t  r e g i o n s  (WHITFORD a n d  ETTERSHANK, 1975).  

W e  s e l e c t e d  P o g o n o m y r m e x  barbatns a n d  P o g o n o m y r m e x  rugosus f o r  i n t e n -  

s ive  s t u d y  b e c a u s e  t h e y  a r e  t h e  l a r g e s t  h a r v e s t e r  a n t s  in  t h e  C h i h u a h u a n  d e s e r t  

( w o r k e r s  11.8-12.9 m m  l e n g t h  a n d  674 m g  a n d  745 m g  l ive  w e i g h t ,  r e s p e c t i v e l y ) ,  

a re  c lose ly  r e l a t e d  (COLE, 1968) a n d  i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e y  h a v e  s i n f i l a r  

n i c h e  r e q u i r e m e n t s  (H/JLLDOBLER, 1974).  W e  c o n c e n t r a t e d  o u r  s t u d i e s  i n  a n  a r e a  

w h e r e  b o t h  s p e c i e s  o c c u r  a n d  c o l l e c t e d  s o m e  da t a  for  c o m p a r i s o n  in  a r e a s  

w h e r e  e a c h  s p e c i e s  o c c u r s  b y  i tself .  W e  s t u d i e d  f a c t o r s  a f f e c t i n g  l o c a l  geo-  

�9 g r a p h i c  d i s t r i b u t i o n ,  f o r a g i n g  a c t i v i t y ,  f o r a g e  s e l e c t i o n ,  f o r a g i n g  b e h a v i o r ,  n u m -  

b e r s  of  f o r a g e r s  p e r  c o l o n y ,  n e s t  s p a c i n g  a n d  nes t  s t r u c t u r e .  

STUDY AREA 

Most  s t u d i e s  w e r e  c o n d u c t e d  a t  A g u i r r e  S p r i n g s ,  e l e v a t i o n  ca.  2000 m,  o n  t i le  

east  s l o p e s  of  t he  O r g a n  M o u n t a i n s ,  ca. 40 k m  eas t  of  Las  Cruces ,  N e w  M e x i c o  

(fig. 1). A g u i r r e  S p r i n g s  is l o c a t e d  on  s e v e r a l  a l l uv i a l  f ans  w h e r e  soi l  d e p t h  v a r i e s  

f r o m  a f ew  c m  to s e v e r a l  m e t e r s ,  d e p e n d i n g  o n  l o c a t i o n  w i t h  r e s p e c t  to  w a t e r  

cou r se s .  T h e  so i l s  a r e  s a n d y  l o a m s  i n t e r s p e r s e d  w i t h  n u i n e r o u s  l a r g e  r o c k  

f r a g m e n t s .  T h e  v e g e t a t i o n  is  p r i m a r i l y  g r a s s l a n d  w i t h  s c a t t e r e d  t r ees .  D o m i n a n t  

p l a n t s  a re  t h e  g r a m a  g ra s se s ,  Bouteloua gracilis a n d  BouteIoua curt ipendula,  o a k  

t r ees ,  Quercus sp. a n d  j u n i p e r s ,  Jnniperus  sp. A r e a s  s u p p o r t i n g  c o l o n i e s  of  

Pogononzyrmex barbalus a n d  P o g o n o m y r m e x  rugosns a re  f o u n d  w i t h i n  a f e w  

m e t e r s  of e a c h  o t h e r  in  t h i s  a rea .  
S o m e  s t u d i e s  on  P o g o n o m y r m e x  rngosns w e r e  m a d e  on  t h e  J o r n a d a  Val i -  

d a t i o n  Site,  ca. 40 k m  N N E  of  Las  Cruces .  N e w  Mex ico  (fig. 1). T h i s  a r e a  is a 
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desert  shrub communi ty  domina ted  by mesquite ,  Prosopis glandulosa and mormon  
tea, Ephedra tri[urca (ScHuMACHEFt and WmTFOm), 1974) on deep sandy soils 

wi th  a ca lc ium carbonate  deposi t ion layer  (caliche) at depths of 0.5-1.5 m 

below the surface.  The Jo rnada  Site is at an elevation of ca. 1000 m. Pe renn ia l  

grasses are sparse but dense stands of annual  grasses and forbs develop dur ing 
wet  per iods  in the growing  season. This  area supports  five species  of Pogono- 
myrmex,  but P. barbatus is absent. 

Some studies on P. barbatus were  made in two communi t ies  on the east 

slopes of the Chir icahua Mountains near  Portal ,  Arizona (fig. 1). One area was 

s imilar  to the Jo rnada  Site and the o ther  s imilar  to the Aguirre  Spr ings  Site 
at elevations be tween 1200 m and 1500 m. These areas suppor ted  five species 

of Pogonomyrmex, but P. rugosus was absent. 
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MEXICO 

Fro 1. - -  The locations of study sites and local distributions of Poffonomyrmex ru,qosus 
(solid squares) and Poffonomyrmex burbatus (open squares). The map in the upper 
right shows the study area in relation to the United States. 

Fro. 1 . -  Localisation des sites dtudids et emplacements locaux de Pooonomyrmex 
ruoosus (earrds noirs) et de Pogonorn~]rmex barbatus (carrds blancs). La carte des 
Etats-Unis d'Amdrique permet de localiser les sites dtudids dans l'dtat du Nouveau- 
Mexique. 

LOCAL GEOGRAPHICAL DISTRIBUTION 

Collections of P. rugosus and P. barbatus were  made th roughout  south- 

wes te rn  New Mexico to obtain data on local dis t r ibut ions of the two species. 

Most areas suppor ted  only one species, not both. COLe. (1968) showed  these two 

species over lapping  complete ly  in the area wh ich  was sampled in tens ive ly  in 

t h i s  study. Our data show that  there  is a vir tual  absence of over lap  in the local 
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dis t r ibut ion  of P. rugosus and P. barbatus and that in areas where  the two species 
come together, there are sharp boundar ies  between them (fig. 1). The i r  d is t r ibu-  
t ion pat tern  is not related to soil differences since the same soils suppor t  colonies 
of both species in  different areas (MAKER et al., 1974). 

We found no re la t ionship  between the d is t r ibut ion  of these species and 
vegetation. For  example, extensive plant  communi t ies  of scattered grass c lumps 
of Hilaria mutica and Bouteloua eriopoda (cover -- 2 %) and  scattered mesquite,  
Prosopis glandulosa, and soaptree yucca, Yucca elata, occur  on the sandy  loam 
soils a round  Deming  and  Lordsburg (fig. 1) but only P. rugosus inhab i t s  these 
areas near  Deming and only P. barbatus inhabi ts  these areas nor th  of Lordsburg.  
This same pat te rn  is repeated in several p lant  associations wh ich  are common in  
southwestern  New Mexico. Local d is t r ibut ion  pat terns of these two species can 
best be unders tood by comparison of the i r  ecology as presented in the r e m a i n d e r  
of this paper.  

METHODS 

Nest description. 

Nest descr ipt ions  were obtained by careful excavation of colonies. Measu- 
rements  of chambers  were  made as uncovered,  chamber  contents  recorded and 
where  possible all workers ,  pupae and larvae were counted.  Excavat ions  were 
abandoned  when  tunne l s  to lower layers were lost. 

F o r a g i n g  a c t i v i t y .  

Foraging  activity was recorded by count ing  numbers  of ants r e t u r n i n g  to 
a colony per  un i t  t ime us ing a reference r ing  (ScHuMACHER and  WHITFORD, 1974). 
Soil surface tempera tures  (T s) and relative hunf idi ty  were recorded and act ivi ty  
pat terns evaluated wi th  respect  to time of day. At Aguirre Springs, counts  were 
made on six nests of P. barbatus and four nests of P. rngosus at 1-2 lmur, intervals  
dur ing  the daylight  hours  once a week dur ing  May, June and July. Activity was 
checked at night and i r regular ly  dur ing  the remainder  of the growing season, 
but counts were  not made at regular  intervals.  At Portal,  Arizona, five nests of 
P. barbatus were checked in both areas : the desert shrub area and the grassland-  
jun iper  area. Data were collected on 4 consecutive days in April,  2 days in May, 
3 days in July, 4 days in August and 2 days in September. 

Numbers of foragers. 

Estimates of numbers  of foragers per colony were obtained by collect ing 
foragers by aspirators,  immobi l iz ing  the ants by setting aspirators  in a con ta ine r  
of ice and mark ing  the immobil ized ants. P. rugosus were marked by a pa in t  spot 
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on the gaster and P. barbatus  were marked  by removing the t e rmina l  segments of 
an an tenna  because unl ike  P. rugosus ,  they were easily able to remove the paint  
spots from the gaster. The fol lowing day foragers were collected, and  marked  
and unmarked  ind iv idua l s  counted.  Between 120 and 200 foragers were  marked 
and between 150 and 200 were counted in the census. 

BRIAN (1971) provides  a cr i t ique  of mark-recapture  systems for est imating 
ant populat ions.  The major  problems wi th  this m e t h o d :  1) r a n d o m  dispersal  
and sampling, 2) durable  marks  wh ich  do not impai r  activity, 3) sui table  sample 
size, were alleviated because we confined our efforts to estimates of only the 
foragers in the colonies. This  t echn ique  provides rel iable estimates of the number  
of active foragers at the t ime of the estimate but should not be const rued to 
represent  a n  estimate of colony size. Numbers of foragers per  colony was 
calculated by the Lincoln  Index (ScHUMAEHER and ~/VHITFORD, 1974). 

Forage selection. 

Foragers were collected by aspirator  as they re turned  to the colony wi th  
forage material .  Between six and 12 nests were sampled at two week intervals .  
We collected between 100 and 200 foragers at each nest. The foragers were sepa- 
rated from the mater ia ls  they had collected and released at the colony. The 
forage was stored in vials and re tu rned  to the laboratory for ident if icat ion.  

Plant cover. 

Aguirre S p r i n g s :  Vegetative cover and composit ion was ob ta ined  by l ine 
intercept  (PmLLIPS, 1959). Four  50 m lines were established at 90 ~ in tervals  
a round colonies of P. barbatus  and P, rugosus.  Grass and forb cover was 
obtained from six 1 m segments selected at r andom along the 50 m lines. Four  
l ines were read at each of six colonies of P. barbatus  and  two colonies of 
P. rugosus.  

Portal,  A r i z o n a :  Density and species composit ion of annua l  forbs and 
grasses was obtained by po in t -quar te r  analysis in the desert sh rub  communi ty  
(PHILLIPS, 1959). Distance measurements  were obtained for 80 points  and the 
plants collected. The plants  were identified in the laboratory.  

Jornada : Densi ty and species composit ion of plants  were est imated by the 
same techniques as at the Portal,  Arizona area. 

Colony density and dispersion. 

Colony densit ies were estimated by the nearest -neighbor  modif ica t ion of the 
point  quarter  method (GRIE6-SMITH, 1964). Distance measurements  f rom random 
points to the nearest  nest  in each quarter  of a circle a round that  po in t  provides  

XNS,~CT~S SOCIAUX, 1976, T. 23, N ~ 2. 9 
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the requisi te  data for est imating colony density.  The distances to the nearest  
nest  of the same species plus the distances to the nests were used to calculate 
an estimate of d ispers ion using t h e  mean  squared distance of each set of measu- 
rements  (PIELOU, 1969). If the rat io PD:/ND2 is 1, or near ly  1, the d ispers ion  is 
random,  >1  ind ica tes  c lumped dis t r ibut ion  and  approximately  0, even distr i -  
but ion.  

R E S  UL TS 

Nests. 

The nests of both species consisted of 12 to 15 broad in te rconnec ted  galleries 
rad ia t ing  out from a central  tunne l  (fig. 2 and 3). The surface s t ructures  were 
cleared discs approximate ly  1 m in diameter  wi th  a thin covering of small  stones. 
No nest cones were  present.  The average height  of the galleries was 5 mm 
(2-8 nun)  with diameters  ranging  from 0.3 to 1.3 m. In P. rugosus colonies, only 
p igmented workers  were removed from the galleries in the top 1 m of soil. In  
P. barbatus colonies, callow workers  and pupae  were taken from the uppermost  
galleries. In P. rugosus colonies, workers,  larvae and pupae were taken from the 
surface galleries. Excavat ion of four P. barbatus nests was te rmina ted  w h e n  we 
lost the main  t unne l  in a very rocky soil layer  approximate ly  0.5 m below the 
surface (fig. 3). Excavat ion of P. rugosus nests in win te r  (January)  yielded few 
workers  in the galleries in the upper  1 m. We te rminated  excavation when  we 
encountered  hard  pan caliche at approximate ly  1.2 m below the surface. Exca- 
vat ion of two of the 10 nests of P. rl~ffosus was completed and resul ted in 
recovery of the queen and all workers,  pupae and larvae in the colony. All 
colonies of P. rugosus penet ra ted  the ha rdpan  caliche (wet caliche) layer 1.7-1.8 m 
below the surface (fig. 2). This  layer re ta ined noticeable mois ture  and was 
exceptional ly difficult to penetrate.  In  the two colonies completely excavated 
we f o u n d  1595 workers,  2195 workers,  150 larvae and pupae and 180 larvae and 
pupae. 

F o r a g i n g  a c t i v i t y .  

Aguirre S p r i n g s :  P. barbaras and P. rugosus exhibited different seasonal 
foraging activity. In  Nay, P. barbaras exhibi ted greater foraging in tens i ty  thnn 
P. rngosus (fig. 4). In  June, P. barbaras exhibi ted peak activity in late af ternoon 
and cont inued  foraging after sunset.  P. rugosus exhibi ted a single peak in the 
late afternoon.  In July, P. rugosus had two peaks of foraging act ivi ty and 
foraged after sunset  whi le  P. barbatns had a single peak in the late af ternoon 

and ceased foraging at sunset. 
In  May, near ly  all colonies of P. rugosus were i n a c t i v e  as were some 

colonies of P. barbaras (fig. 5). In June and July some colonies of both specie s 



POGONOMYRMEX BARBATUS ET RUGOSUS 123 

Fro.  2. - -  T h e  s t r u c t u r e  o f  a 
n e s t  o f  Pogonomyrmex rugo- 
sus e x c a v a t e d  a t  t h e  J o r n a d a  
S i t e .  

Fro.  2. - -  S t r u c t u r e  d ' u n  n i d  d e  
Pogonom!lrmex rugosus m i s  
a u  j o u r  a u  s i t e  J o r n a d a .  
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Fro .  3. - -  T h e  s t r u c t u r e  o f  a n e s t  o f  Pogonomyrmex barbatus e x c a v a t e d  a t  t h e  A g u i r r t ~  
S p r i n g s  S i t e .  

FI6 .  3 . -  S t r u c t u r e  d ' u n  n i d  d e  Pogonomyrmex barbatus m i s  a u  j o u r  a u  s i t e  A g u i r r ~  
S p r i n g s .  
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were  inact ive  under  all condit ions.  P.  b a r b a l u s  was act ive at h igher  T s than 

P. rugosus .  

Portal ,  Arizona : In Apri l  and May, P. b a r b a t u s  was active in the late after-  

noon (average number  of foragers r e t u r n i n g  per  minu te  = 8) in the sca t te red  t ree-  

grassland community ,  but no colonies  w e r e  act ive in the desert  shrub communi ty .  
In both plant  communi t ies  in July, August and early September,  P.  b a r b a t u s  
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Fro. 4. - -  Temporal shifts in foraging activity 
in P o g o n o m y r m e x  rugosus (solid symbols) 
and Pogonom!lrmex  barbatns (open symbols) 
at Aguirre Springs during May, June and July. 
Data are means for six nests of P. barbatus  
and four nests of P. rugosus on five days each 
month. 

Fro. 4. - -  Variations dans l'intensit6 de r6coltc 
de Pogonomgrmex  rugosus (cercles noirs) et 
de P o g o n o m y r m e x  barbatus (cercles blancs) h 
Aguirre Springs en mai, en juin et en juillet. 
Les donners repr6sentent les moyennes men- 
suclles obtcnues sur six nids de P. barbatus 
et quatrc aids dc P. rugosus pendant cinq 
jOHUS. 

r eached  an average peak act ivi ty  of 30 per  minute  in the early morn ing  at 

T s 20-25 ~ dropped  to 0 at nfid-day at T s greater  than 55 ~ and reached  an 
average peak of 214 per  minute  be tween  1600 and 1900 hours  at T s 30-40 ~ 

In spr ing  and late summer  there  was no noc turna l  foraging. 

F o r a g e  s e l e c t i o n .  

Aguirre  Springs : The only months  in w h i c h  both species were  sufficiently 

act ive to p rov ide  compara t ive  data on forage select ion were  June and July.  Data 

on forage were  reduced  to general  classes except  for calculat ing indices  of over lap 
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because we recorded over 52 different items of forage. The p lan t  communi ty  
cover values w e r e :  shrubs,  14.9 %; forbs, 2.9 %; grasses 39 .7%;  and trees, 
8 .1%.  In  the spr ing and early summer  the only available surface forage was 
fruits of J u n i p e r u s  spp. and fruits  of pe renn ia l  grasses and some shrubs  wh ich  
probably  had recent ly  fallen to the ground.  Pe renn ia l  and annua l  grasses 
began to frui t  in  late July and  by la te  September mature  grass fruits  were 

J 

6O 

40 

Fro. 5. - -  The effect of soil surface 
temperature on foraging activity 20 
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extremely abundan t  as were fruits of shrubs,  forbs and junipers .  Although 
fruits of all species were most abundan t  in September and October, P. barbatus 

exhibi ted significant preference for the fruits of perennia l  grasses (table I). 
Termites  accounted for 66 % of the insect mater ial  collected by both species. 

We calculated indices of overlap in forage selection by P. rugosus  and 
P. barbatus  by the method described by HORN (1966). In June the index of 
overlap was 0.73 and in July was 0.80. 

Jornada  : In May and June, pe renn ia l  grass seeds accounted for approxi-  
mately 50 % of the forage collected by P. rugosus.  As forbs p roduced  fruits in 
July and August, P. rugosus collected these fruits but heavily selected two 
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species of buckwheats ,  Eriogonum sp., w h i c h  const i tuted near ly  50 % of  t he  

forage. These species accounted  for less than 20 % of the forb species on the site. 
In September  and October, the two species of Eriogonum plus an Euphorb ia  
accounted  for 70 % of the forage collected.  During the per iod  w h e n  ra ins  
s t imulated insect  act ivi ty  (July-September)  termites  accounted for 3 % of the 
forage. 

TABLE I. - -  Categories of forage items expressed as percent of total forage collected by 
Pogonomyrmex barbatus (B) and Pogonomyrmex rugosus (R) at Aguirre Springs 
between May and October, 1974. Mean percent cover : shrubs, 14.9 % ; forbs : 2.9 % ; 
grasses, 39.7 %; trees, 8.1%. 

TABLEAU I. - -  Cat~g0ries de r6coltes exprim6es en pourcentages du total des approvi- 
sionnements de Pogonomyrmex barbatus (B) et de Poffonomgrmex rugosus (R) h 
Aguirre Springs entre mai et octobre 1974. Pourcentages moyens des couvertures 
v6g6tales : 14,9 % d'arbustres, 2,9 % de mauvaises herbes, 39,7 % de gramin6cs, 
8,6 % d'arbres. .- 

Shrub parts . . . . . . . . . . . .  
Grasses . . . . . . . . . . . . . . . .  
Forbs . . . . . . . . . . . . . . . . . .  
Juniperus sp . . . . . . . . . . . .  
Insects . . . . . . . . . . . . . . . .  
Miscellaneous non-edible. 

M•Y 

9.0 
63.6 
3.1 

18.1 

6.2 

J~m Jun. 
R 

24.0 11.8 
67.4 64.7 
1.0 0 
3.0 0 
3.0 0 
7.6 ' 11.8 

J~L 

17.4 
36.0 

3.0 
9.0 
4.2 

30.3 

Jul. 
R 

13.2 
33.9 
13.2 
7.4 
5.2 

27.2 

A V 

25.9 
43.3 

0 
0 
5.2 

25.6 

1.2 
43.6 
20.2 

0 
6.5 

28.5 

Oct. 
B 

0 
82.6 

0 
0 
5.3 

12.3 

Portal ,  A r i z o n a :  Tile pat tern  of forage selection in P. barbatus was deter-  

mined  by the habitat.  In the sca t tered  tree-grassland habitat ,  spr ing forage was  
70 % fruit  parts  of Juniperus  and the sycamore,  191atanus wr ight i i  wi th  the 

r ema inde r  perennia l  grass seeds and inedib le  trash. In late summer,  pe renn ia l  

grass fruits accounted for 80 % of the forage. In the desert  shrub communi ty ,  

the fruits of three annual  grasses w h i c h  accounted for 2 1 %  of the dens i ty  
of non-wood plants represen ted  82% of the forage collected. The  annual  

grasses w e r e :  Arist ida adscenionis ,  Bouteloua barbata and Bouteloua aristi- 
doides. Termi tes  represented  2.6 % of the forage collected in August and Sep- 
tember.  

N u m b e r s  o f  f o r a g e r s  p e r  c o l o n y .  

There  w e r e  s ignif icantly fewer  foragers  in P. barbatus colonies f rom Agui r re  

Springs than in colonies at Portal ,  Arizona (table II). The number  of foragers  
in colonies of 19. barbatus f rom Portal ,  Arizona were  s imilar  to the n m n b e r  of 
foragers  in colonies of 19. rugosus at Agui r re  Springs (table II) and the Jo rnada  
Site (WHITFORD and ETTERSHANK, 1975). 
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TABLE II. --- Comparison of num ber s  of foragers  per  colony of P. barbatus and P. ruffosus 
f rom the  different  s tudy areas.  

TABLEAU II. - -  Compara ison  entre  le n o m b r e  des r6colteuses pa r  colonic de P. barbatus 
et celui de P. rugosus dans  deux des sites 6tudi6s. 

Date  

1974-07-01 
1974-07-02 
1974-07-30 
1974-07-31 
1974-08-05 
1974-08-05 
1974-08-05 
1974-08-09 
1974-08-09 
1974-09-28 
1974-09-28 
1974-09-28 
1974-09-28 
1974-09-28 

P. barbvttus P. ruffosus Site 

3289 -4- 697 Aguirre  Springs 
1607 -- 390 Aguirre  Springs 
2857 ~ 710 Aguirre  Springs 
3392 + 883 Aguirre  Springs 

656 ~ 58 Aguirre  Springs 
577 • 22 Aguirre  Springs 
271 ~ 13 Aguirre  Springs 
844 • 80 Aguirre  Springs 
385 -- 32 Aguirre  Springs 

1324 • 194 Por ta l ,  Arizona 
1809 • 335 Portal ,  Arizona 
1151 ----- 155 Por ta l ,  Arizona 
1235 • 177 Por ta l ,  Arizona 
902 • 105 Por ta l ,  Arizona 

C o L o n y  d e n s i t y  a n d  d i s p e r s i o n .  

In  t h e  a r e a  at  A g u i r r e  S p r i n g s  w h e r e  b o t h  s p e c i e s  o c c u r ,  t h e  c o m b i n e d  

c o l o n y  d e n s i t y  w a s  22 p e r  h e c t a r e  : 15.6 P. b a r b a t u s  a n d  6.3. P. r u g o s u s ,  i n  o n e  

p o r t i o n  of t h i s  a r e a  ( a b o u t  1.5 h e c t a r e s )  c o l o n i e s  of  P. b a r b a l u s  a n d  P. r u g o s u s  

w e r e  f o u n d  on  a n a r r o w  fan  b e t w e e n  t w o  d r y  r i v e r  beds .  C o l o n i e s  of  P. b a r b a t u s  

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

a l o n g  t h e  o t h e r .  T h e r e  w a s  no  d i f f e r e n c e  in  v e g e t a t i o n  in  t h i s  a r ea .  T h e  m i n i -  

n m m  d i s t a n c e  b e t w e e n  c o l o n i e s  of  t h e  t w o  s p e c i e s  w a s  46 m.  T h e  m a x i m u m  d i s -  

t a n c e  b e t w e e n  P. r n g o s n s  c o l o n i e s  w a s  38 m a n d  b e t w e e n  P. b a r b a t u s  c o l o n i e s  
w a s  26 m. 

In  o t h e r  a r e a s  at  A g u i r r e  S p r i n g s  w h e r e  t he  c o l o n i e s  of  P. b a r b a t u s  a n d  

P. r u g o s u s  w e r e  i n t e r m i x e d ,  t he  m e a n  d i s t a n c e s  + s t a n d a r d  d e v i a t i o n  b e t w e e n  

c o l o n i e s  w a s  32.1 • 8.4 m P. rugosns -P ,  barbaras ;  17.3 ~ 7.5 m P. l m r b a t u s -  P.  bar-  

ba tus ;  a n d  30.9 • 9.6 m P. rugosns -P ,  rugosus .  

T h e  c o l o n y  d e n s i t y  in  an  a r e a  w h e r e  o n l y  P. b a r b a t u s  o c c u r r e d  w a s  22.5 colo-  

n i e s  p e r  h e c t a r e .  At P o r t a l ,  A r i z o n a ,  P. barba tus  c o l o n y  d e n s i t y  w a s  20.5 p e r  

h e c t a r e  a n d  on  t h e  J o r n a d a  P. r u g o s u s  c o l o n y  d e n s i t y  w a s  21.3. T h e  d i s p e r s i o n  

p a t t e r n  of  P. r u g o s u s  a n d  P. b a r b a t u s  w a s  r a n d o m  (PDZ/ND-" ~ 1.21) at  b o t h  

A g u i r r e  S p r i n g s  a n d  t h e  J o r n a d a .  

B e h a v i o r a l  n o t e s .  

W e  n o t e d  s l i g h t  d i f f e r e n c e s  in  t h e  f o r a g i n g  b e h a v i o r  of  P. r u g o s u s  a n d  P.  bar -  

batus .  A l t h o u g h  b o t h  s p e c i e s  u t i l i z e d  f o r a g i n g  t r a i l s ,  P.  r u g o s u s  f o r a g e r s  w a n -  

d e r e d  f u r t h e r  f r o m  t h e  t r u n k  t r a i l s  t h a n  d i d  P. barbaras .  On s e v e r a l  o c c a s i o n s  



128 W A L T E R  G. W H I T F O R D ,  P R I S C I L L A  JOHNSON AND JOHN R A M I R E Z  

we recorded only the occasional  contact  between the two species as P. rugosus 

wandered  too close to a P. barbatus t r u n k  trail .  
At the Aguirre Springs site, we plotted the dis t r ibut ion of colonies and 

foraging trai ls  in the area where  P. barbatus and P. rugosus are in te rmixed .  Large 
t runk  trails radiated out f rom the colonies of both species. T r u n k  t rai ls  of 
adjacent  colonies of P. barbatus and P. rugosus were interdigi ta ted as descr ibed  
by HSLLDOBLER (1974) in these species near  Portal,  Arizona. However,  we never  
recorded overlap in  foraging te r r i to ry  that  resulted in contact  be tween  large 
numbers  of foragers of both species. Dur ing  the four months  of in tens ive  s tudy 
we recorded only the occasional  contact  between the two species as repor ted  
above. 

Another  inc iden t  of interspecif ic  antagonis t ic  behavior  was recorded June  13, 
1974. A large n u m b e r  of Myrmecocys tus  m imicus  attacked P. barbatus on a t r unk  
trai l  forcing many  foragers to drop their  booty. 

The impor tance  of  soil surface tempera ture  in regulat ing foraging act ivi ty 
of P. barbatus was suppor ted  by numerous  observations at Aguirre Springs and 
Portal,  Arizona. When a human  shadow was cast over a colony, workers  emerged 
to forage. When a large shadow was cast by clouds on several occasions,  fora- 
ging activity was ini t iated.  When the cloud passed, many  workers  were  appa- 
rent ly  unable  to re turn  to the nest and cl imbed several cm into the vegetat ion 
where  the ambient  t empera ture  was a moderate  35-38 ~ C. On these occasions 
the Soil surface tempera ture  in  direct  sunl ight  was greater than 60 ~ and  the 
shaded soil surface quickly dropped to 40-45 ~ P. rugosus at Aguirre  Springs 
exhibited s imilar  behavior  but this k ind  of response could not be i l l ic i ted at the 
Jornada  Site. 

In July 1973 we per formed exper iments  at the Portal, Arizona site to com- 
pare wi th  s imilar  exper iments  on P. mzgosus reported by WHITFORD (1976). The 
dis t r ibut ion of foraging effort and degree of overlap in foraging ter r i tor ies  of 
P. barbatlts was ascer ta ined by c lear ing a 15 m radius  arena a round  a colony of 
all surface seeds. We set out seeds (cracked milo) dyed various colors wi th  vege- 
table dyes in concent r ic  arcs at 3 m intervals  from the central  colony. We recor-  
ded the numbers  and colors of seeds t ranspor ted  to the central  colony .and four 
colonies in the pe r iphe ry  of thc arena over a two hour  per iod for five minu tes  
at 15 minute  intervals.  There  was 50-75 % overlap in foraging t e r r i to ry  of the 
adjacent colonies wi th  the centra l  colony. On six occasions we observed fora- 
gers from an adjacent  colony ca r ry ing  grain across the nest disc of the central  
colony. "We observed no antagonis t ic  behavior  between foragers al though fora- 
gers from as many  as three different colonies were collecting seeds from the 
same place s imultaneously.  Each colony exhibi ted a geometric decl ine in num-  
bers of foragers at a seed source as dis tance from the colony increased.  The 
distance-foraging in tens i ty  re la t ionship  fit the expression log N ---- 1.2-0.19 D 
(WHITFORD, 1976) where  N ---- n u m b e r  of foragers r e tu rn ing  per  un i t  t ime and 
D = distance in meters. 
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D I S C U S S I O N  

The nests  of P. rugosus and P. barbatus were  different  f rom those of 
P. badius (Suuu, 1967), but  s imi la r  to the nests  of P. oecideutalis (LAvIONE, 1969). 
The  absence of nest  cones, fewer  gal ler ies  and  large d iamete r  gal ler ies  were  major  
d i f ferences  in s t ruc ture  of these nests  and the nests of P. occidentalis. LAVmNE 
found seed s torage gal ler ies  in P. oceidentalis up to 1.5 m be low the  surface.  
In P. ru.qosus nests, s torage gal ler ies  were  confined to the  top 1 m. 

The  pene t r a t i on  of the main  nest  tunnels  of  P. rugosus into the  ca l iche  h a r d  
pan  attests to the  digging abi l i ty  of this  species.  The  ca l iche  l aye r  was  impene-  
t rab le  by  mechan ica l  back  hoe and d i scouraged  our  digging efforts in almost 
every  ease. Galleries in the ca l iche  were  p e r c e p t a b l y  mois te r  than  the more  
superf ic ia l  galleries.  We suggest tha t  the  imperv ious  na ture  of th is  fea ture  of 
deser t  so i l s  acts as an impor t an t  modif ie r  of  the nest  env i ronmen t  of deser t  
ha rves t e r  ants  both  in summer  and win te r .  

WILSOY (1971) states that  as a rule,  ma tu re  colonies  of social  insects  of the  
same species  are  <~ overd i spe r sed  >> spaced  so that  d is tances  be tween  them are  
un i fo rm not random.  ~ Overd i spe r s ion  >~ is to be expec ted  in spec ies  w h i c h  exhi-  
bi t  in t raspec i f i c  aggression.  The  d i s t r ibu t ion  of P. rugosus and P. barbatus 

was r a n d o m  w h i c h  is consis tent  w i th  the f inding that  these spec ies  do not  
exhib i t  in t raspec i f ic  aggression.  

In o ther  ha rves t e r  ant species  that  share  food and space requ i rements ,  com- 
pe t i t ion  appea r s  to be avoided p r i m a r i l y  by  seasonal  and da i ly  d i f ferences  in 
foraging  t ime (WHITFORD and ETTERSHANK, 1975; SCHUMACHER and WHITFORD, 
1974). In areas  where  e i ther  P. barbaras or P. ruffosus is the only large  ha rves t e r  
ant, t he re  is l imi ted  compet i t ion  wi th  congeners .  However ,  w h e r e  the  two 
co-occur,  we documented  marked  di f ferences  in seasonal  and da i ly  foraging 
pa t te rns .  F o r  example ,  at Portal ,  Arizona,  P. barbaras did  not forage at n ight  and 
in Ju ly  exh ib i t ed  peak  ac t iv i ty  in the af ternoon as compared  to the  Aguir re  
Spr ings  P. barbatus which  foraged at n ight  in June and had  r e d u c e d  ac t iv i ty  
in the late af ternoon.  P. rugosus on the Jo rnada  Site exh ib i ted  noc tu rna l  foraging 
in June and July  and two peaks  of ac t iv i ty  in mid -morn ing  and late  a f te rnoon 
(WHITFORD and ETTERSI[IANK, 1975) w h i c h  differs  f rom the pa t t e rn  of th is  species  
at Aguir re  Springs,  Hence,  it seems l ikely  that  t empora l  separa t ion  is one w a y  
in w h i c h  P. barbatus and P. rugosas l imi t  the  p robab i l i t y  of contac t  and  d i rec t  
aggressive in te rac t ion  and cont r ibu tes  to the avo idance  of compe t i t i on  w h e r e  
they  co-occur .  Both P. barbatus and P. rugosus at Agui r re  Spr ings  l a rge ly  avoided  
compet i t ion  by  non-over laop ing  forag ing  t e r r i to r i e s  and pa r t i a l  t empora l  sepa- 
ra t ion  of foraging t ime.  There  is an appa ren t  absence  of in t raspec i f i c  te r r i to-  
r a l i ty  in these species  (WHITI.'ORD, 1976). but  in te rspec i f ic  t e r r i t o r a ] i t y  and con- 
flict were  p ronounced  as shown in th is  s tudy  and by  H~SLLDOnLER (1974). How- 
ever,  H()LZDOBLER st imulated in tens ive  confl ict  involv ing  large numbers  of 
foragers  of both species  by  man ipu la t i ng  the food supp ly  thus changing  the loca- 
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t ions of t runk trai ls  so that  the trails t e rmina ted  at the same place. The  absence 

of any major  foraging te r r i to ry  overlap dur ing the four months  of our  in tens ive  

study suggests that  b reakdown of the separat ion of foraging t e r r i to r i e s  be tween  

these two species occurs  only ra re ly  and in response to unusual  c i rcumstances .  

The local d is t r ibut ion  of these species in southwestern  New Mexico is con- 
sistent wi th  the pa t te rn  expected in congeners  wi th  s imilar  n iche  r equ i r emen t s  and 

wh ich  exhibi t  << contest  )> compet i t ion.  Contest compet i t ion  appears  to be 

largely avoided because  al though they use the same habitat  types, these habi tats  

are separated geographical ly .  In geographica l  areas w h e r e  the two  species  

are in te rmixed  the i r  foraging te r r i tor ies  do not overlap. Local  d i s t r ibu t ion  pat- 

terns of these species  probably  developed as a result  of in terspecif ic  r contest  >> 
competi t ion.  F u r t h e r  unders tanding  of this pat tern  requi res  addi t iona l  study. 

WILSON (1971) indicates  that t e r r i to r ia l  fighting among mature  colonies  of 

the same and dif fer ing species is common and that it has been r e c o r d e d  in 
Pogonomyrmex .  However ,  as indica ted  previously ,  we have s t rong exper imenta l  

ev idence  that  in t raspeci f ic  t e r r i to ra l i ty  is re la t ively un impor tan t  in these species. 

Another  factor  to cons ider  in the local dis t r ibut ion and compet i t ion  between 

those species is tile numbers  of foragers  per  colony. Numbers  of foragers  in 
P. rugosus were  s imi la r  in both areas, but P. barbatus at Aguir re  Spr ings  had 

fewer  foragers than at Portal ,  Arizona. It is possible that  the Aguir re  Spr ing 's  
habitat  is margina l  for P. barbalus. If, h~owever, we assume that  the habi ta t  is 

margina l  for P. barbatus and not for P. rugosus, then we are unable  to expla in  

the success of P. barbatus in that area. Also if f requent  << contest  >> compet i t ive  
in terac t ions  occur red  be tween P. rugosus and P. barbatus, P. barbatus should 

be at a d isadvantage and be dislodged. Since this is a disjunct  and small  popu-  
lation of P. barbatns, the differences in numbers  of foragers and some of the 

behaviora l  d i f ferences  may be due to the l imited gene pool r ep resen ted  by this 
smaII populat ion.  
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