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S U M M A R Y  

Ocymyrmex barbiger is a d iurnal  scavenger  of a r th ropods  in which  the  n u m b e r  
of successful foraging excursions pe r  colony pe r  day increases wi th  daily vapour  p r e s s u r e  
deficit. I t  appears  t ha t  the  ants  make  use of prey i tems which succumb to the rmal  
an d  desiccat ion stress.  Running  speeet is a funct ion  of surface t empera tu re  bu t  pro- 
gressively less t ime  is spent  searching for  prey beyond a critical surface t empera tu re  
w i th  the  resul t  t ha t  the  opt imal  search t e m p e r a t u r e  for  individual  foragers  is about  
52~ Maximal  foraging activity of colonies occurs  at  s u r f a c e t e m p e r a t u r e s  correspon- 
ding to this  op t imal  search tempera ture ,  

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

Der Einfluss Mikroklimatischer Faktoren auf das Verhalten und den Erfolg 
bei der Nahrungssuche der thermophilen Wuesten Ameise 

Ocymyrme• barbiger 
Bei der  Ocymyrmex barbiger, einem aasfressenden,  tagakt iven Gliederfuessler,  

n e h m e n  die erfolgreichen Nahrungsexkurs ionen ,  inne rha lb  einer Kolonie und  eines Tages, 
mi t  dem taeglichen Dampfdruckabfa l l  zu. Es ha t  den Anschein, als wuerden  die Ameisen 
bei  der  Beutesuche yon den Tieren Gebrauch  machen,  die den Tempera tu ren  und  der  
Aus t rocknung  erlegen sind. Die schnelle For tbewegung  ist  yon der  Oberf laechentem- 
p e r a t u r  abhaengig  und  sobald  ein Grenzwert  t ier Ober f l aechen tempera tu r  ueberschr i t t en  
ist,  wi rd  zunehmend  weniger  Zeit  fuer  die Nahrungssuche  aufgebracht .  Die opt imale  
T e m p e r a t u r  fuer  die Nahrungssuche  der  e inzelnen Ameise liegt bei ungefahr  52~ Die 
maximale  Aktivi ta t  der  nah rungssuchenden  Ameisen e iner  Kolonie t r i t t  bei Ober- 
f laechen t e m p e r a t u r e n  ein, die dieser op t ima len  Tempera tu r  entsprechen.  
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I N T R O D U C T I O N  

O p t i m a l  fo rag ing  theory  p r ed i c t s  t h a t  a n i m a l s  s h o u l d  forage in  such  
a m a n n e r  t ha t  t he i r  n e t  ra te  of food i n t a k e  is m a x i m i z e d  (ScHooNER, 1971 ; 
KREBS & MCCLEERY, 1984). This  sugges t i on  is b o t h  i n tu i t i ve ly  sens ib l e  a n d  
c o n s i s t e n t  w i t h  the  theory  of n a t u r a l  se lec t ion .  I t  is, however ,  s u r p r i s i n g  
t h a t  o r g a n i s m s  shou ld  s u b j e c t  themselves to nea r - l e tha l  t e m p e r a t u r e s  in  
o r d e r  to max imize  the i r  i n t ake  of food (WmTFORD et al., 1980). Never the less ,  
t he r e  a re  s i t ua t ions  whe re  a n i m a l s  to le ra te  h igh  t h e r m a l  loads  in  t he i r  ques t  
for  food.  Fo r  example ,  DREISm (1980) has  s h o w n  t h a t  the  o p t i m a l  fo rag ing  
t e m p e r a t u r e  of p r e d a t o r y  t iger  beet les ,  Cicindela hybrida, is close to t he i r  
u p p e r  t o l e r ance  l imi t .  This  is a c o n s e q u e n c e  of p rey  ava i l ab i l i ty  b e i n g  
g rea tes t  a t  such  t e m p e r a t u r e s .  I n  the  C h i h u a h u a n  deser t ,  the  a n t  Novo- 
messor cockereUi will  forage u n d e r  nea r - l e tha l  t h e r m a l  loads  if the  a m o u n t  
of p r o t e i n a c e o u s  food is i nc r e a se d  a r t i f ic ia l ly  (WmTFORD et al. ,  1980). 

I n  the  N a m i b  deser t ,  w o r k e r s  of  the  a n t  Ocymyrmex barbiger r egu la r ly  
forage  o n  b a r r e n  g r o u n d  u n t i l  the  su r face  t e m p e r a t u r e  a p p r o a c h e s  67 ~ C. 
D u r i n g  these  forag ing  excurs ions  the  an t s  a re  exposed to nea r - l e tha l  t h e r m a l  
loads ,  w h e r e  fa i lu re  to locate  t h e r m a l  re fuges  a t  f r e q u e n t  i n t e rva l s  c a n  be  
fa ta l  (MARSH, in  press) .  The p r e s e n t  p a p e r  is c o n c e r n e d  w i t h  the  adap t ive  
va lue  of occupy ing  this  u n u s u a l  t h e r m a l  n iche .  To examine  this  p r o b l e m ,  
the  diet  a n d  fo rag ing  b e h a v i o u r  of O. barbiger have  b e e n  s t ud i e d  in  r e l a t i o n  

to e n v i r o n m e n t a l  cond i t ions .  

M A T E R I A L S -  A N D  M E T H O D S  

The foraging ecology of O. barbiger was siudied in t h e d r y  Kuiseb river bed, near 
the Namib Research Institute at Gobabeb" (23~ 15~ E). The river bed is sandy 
and supports numerous Acacia spp trees. Between the trees there are large patches of 
barren sand which receive direct insolation throughout most of the day. Foraging ants 
regularly spend their entire period of surface activity in these patches. 

The ants live in small colonies in subterranean nests which are situated typically 
at the base of some living or dead vegetation, particularly grass clumps (Eragrostis 
spinosa), or in dry mud beds. Four nests that were excavated contained from 160 to 240 
individuals. Ocymyrmex barbiger workers are monomorphic and have a live mass of 
4.1 ~ 1.2 mg (X ----- sd, n = 30). Nests were located by following ants from a grid of 
bait. The distance from each nest to its nearest neighbour was measured. 

Prey items were removed from ants as they approached their nest, and placed 
individually into sealed vials. The items were identified under a dissecting microscope, 
weighed, and then dried at 60~ for 24 h to determine moisture content. A minimum 
of 20 food items was collected every day, for six consecutive days, in October 1983. 
During this period microclimatic conditions varied considerably so that food collected 
during cool-moist days could be compared with that collected during hot-dry days. 
Food items were also colIected in January and February 1982. During each collecting 
period, food was taken from ants as they returned to each of three nests. 



288 A.C. MARSH 

Nests were observed for 10 min every 30 min from sunrise to sunset, and the 
number of ants that returned from foraging excursi0ns was recorded. The total number 
of foraging excursions per day was computed by interpolation. Prior to each observa- 
tion period, the following microclimatic data were noted : wet and dry bulb temperature 
at 1 m elevation using a sling psychrometer, and sand surface temperature using a 
copper-constantan thermocouple and digital recorder (BAILEY Instruments, Model 
BAT-12). The wet and dry bulb temperatures were used to calculate vapour pressure 
deficits, a measure of the drying power of the air. By interpolation, vapour pressure 
deficit was summed between 10h00 and 17h00 (the period when most ant activity 
occurred) and this value was considered to be an index of the physiological stressfulness 
of that day. 

Ocymyrmex barbiger workers were easy to follow and observe, and showed no signs 
of being disturbed by an observer at a distance of 2- 4 m Forty individual foragers were 
followed for entire foraging excursions and the following data collected for each excur- 
sion: the time that the ant spent on the sand surface relative to the total time it was 
out of he nest, the radius from the nest to the position where an item of food was 
located. Sand surface temperature was measured before and after each foraging 
excursion. 

The speed of locomotion was determined for a range of sand surface temperatures 
by measuring the time ants took to move 1 m. To facilitate these observations, ants 
were lured to bait and only those ants which ran without hesitation toward the bait 
were included in the analysis. 

R E S U L T S  

Ocymyrmex barbiger is p r i n c i p a l l y  a s cavenge r  of a r t h r o p o d s  (table I). 
Of 242 i t e m s  of food  95 % were  insec ts ,  2.4 % sp ide r s  a n d  the  r e m a i n i n g  
2.6 % p l a n t  m a t t e r ,  speci f ica l ly  f ru i t s .  W i t h  the  excep t ion  of two  t e rmi t e s ,  
a l l  p r e y  i t e m s  w e r e  dead  on  a r r iva l  a t  the  n e s t  a n d  m a n y  w e r e  fa i r ly  desic- 
cated.  The  m e a n  we t  m a s s  of p r e y  i t e ms  was  2 . 4 m g  ( r ange  0.12-24.7mg) 
a n d  the  m e a n  m o i s t u r e  c o n t e n t  p e r  i t e m  of forage  was  19.1%. The  compo-  
s i t i on  of the  d ie t  was  s i m i l a r  d u r i n g  s p r i n g  (October )  a n d  s u m m e r  (3anua ry  
a n d  F e b r u a r y ) ,  t he  m o s t  n o t a b l e  d i f f e rence  b e i n g  the  g r e a t e r  i m p o r t a n c e  of 
c o l e o p t e r a n s  i n  Oc tobe r  (table I). 

Despi te  the  c o n s i d e r a b l e  r a nge  i n  m a x i m u m  a i r  t e m p e r a t u r e  (24.3- 
37.3 ~ C) a n d  v a p o u r  p r e s s u r e  def ic i t  (0.59-1.46 k P a )  t h a t  o c c u r r e d  d u r i n g  the  
six days  of s a m p l i n g  in  October ,  t he re  were  n o  de t ec t ab l e  d i f f e rences  in  
t a x o n o m i c  c o m p o s i t i o n  of d ie t  f r o m  day  to day. The  dry  m a s s  of food par-  
t icles a lso d id  n o t  d i f fe r  f r o m  day  to day  (p ~ 0.05, t-test);  

The  ac t iv i ty  p a t t e r n s  of an t s  f r o m  one  n e s t  on  th ree  d i f f e r e n t  days a re  
s h o w n  in  figure 1. Day 1 was  a cool -mois t  day, c ha r a c t e r i z e d  b y  low v a p o u r  
p r e s s u r e  def ic i t s  a n d  su r face  t e m p e r a t u r e s .  Days 2 a n d  3 w e r e  ho t -d ry  
days,  c h a r a c t e r i z e d  by  h igh  v a p o u r  p r e s s u r e  def ic i t s  a n d  su r f ace  t e m p e r a -  
tu re s .  Day 3 was  excep t iona l ly  s t r e s s fu l  i n  tha t ,  a l t h o u g h  the  t e m p e r a t u r e  
p rof i l e  was  s i m i l a r  to t h a t  of Day 2, the  v a p o u r  p r e s s u r e  def ic i t  s t a r t e d  off  
h i g h e r  a n d  r e m a i n e d  h ighe r  t h r o u g h o u t  the  day  t h a n  Day 2. On  the  hot-  
d ry  days,  fo rag ing  ac t iv i ty  was  b i m o d a l ,  w i t h  m o r n i n g  a n d  a f t e r n o o n  peaks  
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Table I. - -  Taxonomic  composi t ion  of the  diet of O. barbiger. The data  are expressed  
as percentage  of the  total  n u m b e r  of dietary i t ems  collected (n = 107 for the 
J a n u a r y / F e b r u a r y  sample  and  n = 135 for  the  October  sample).  

Tabelle I. - -  Taxonomische  Z u s a m m e n s e t z u n g  der  N a h r u n g  yon O. barbiger. Die pro- 
zentua len  Angaben beziehen sich au f  alas gesammel t e  G e s a m t n a h r u n g s g u t  (n = 107 
Proben im J a n u a r / F e b r u a r  und  n = 135 Proben im Oktober).  

Food category J a n u a r y / F e b r u a r y  October  
(%) (%) 

Lepidopteran  larvae 20.6 27.4 
Hymenop te r a  34.6 14.8 

Coleoptera 1.9 14.8 

Hemip te ra  9.3 13.3 

Diptera 2.8 6.7 
Isoptera  7.5 3.7 
T h y s a n u r a  4.7 3.7 

Neurop te ran  larvae 1.9 1.5 

Insec t  r ema ins  12.0 8.9 
Araneae 4.7 0 

Plant  m a t t e r  0 5.2 

DAY 1 ("C) kPa 
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Abb. 

1.  - -  Foraging activity pat- 
terns  of an  O. barbiger 
colony on three  separa te  
days in re la t ion to meteo- 
rological condit ions.  Acti- 
vity is expressed  as the  
n u m b e r  of a n t s  r e tu rn ing  
to the nes t  in 10 min.  
Shaded areas  cor respond  
to successful  foragers .  T s 
= surface  t empera tu re  
(~ VPD = vapour  pres- 
sure  deficit (kPa). 

1. - -  Verhdl ten bei der 
N a h r u n g s s u c h e  einer  Ko- 
Ionie ,con O. barbiger an 
drei verschiedenen Tagen 
in Beziehung zu Klima- 
t ischen Bedingungen.  Als 
Aktivitaet wird die Anzahl 
der Ameisen angegeben die 
waehrend  einer Beobach- 
tungszei t  yon 10 Minuten  
z um Nest  zurueckkehr ten .  
~ i e ~ t ~  -.. Are~. .be-  
ziehen sich au f  die erfol- 
greichen Nahrungssuche r .  
T s = Oberf laechentempe-  
ra te r  (~ VPD = Dampf- 
druckabfal l  (kPa). 
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and a cessation of activity at  midday. In  contrast ,  on the cool-moist day 
foraging activity was unimodal.  Similar pat terns  were exhibited f rom nu- 
merous  o ther  nests. The morn ing  activity peaks on all three days occurred 
at surface tempera tures  between 52.0 and 56.5~ whereas the after- 
noon peaks in activity on the two hot  days occurred  at a surface tempera ture  
of about  60 ~ C. Despite similar surface tempera ture  conditions, foraging 
activity ceased for  about  180 min on Day 2 as opposed to 60 rain on Day 3. 
The differences between the foraging activity on these three days are best 
i l lustrated by considering the total number  of foraging excurs ions  made 
during each day. Despite the relatively mild conditions on Day 1 only 232 
foraging excursions occurred,  whereas 423 occurred  on Day 2, and on Day 3, 
the mos t  stressful day, 1086 foraging excursions took place ; foraging acti- 
vity increased with increasing environmental  stress. Foraging efficiency, the 
number  of ants  re turning with food relative to the total number  re turning 
to the nest, was similar on all three days ffigure 1). 

The relationship between the n u m b e r  of successful foraging excursions 
per  day (excursions in which ants retrieved prey items) and summed daily 
vapour  pressure  deficit is presented in figure 2. These data were obtained over 
a period of 18 months  f rom five different colonies and there is a significant 
correlat ion between environmental  stress and the number  of ants re turning 
to the nest  wi th  food items (p ~ 0.05, t-test). Two of the five nests were 
observed for  three to four  days respectively (in the latter case observations 
were on consecutive days) and the relationship also held. 

Ocymyrmex barbiger workers  typically searched for and retrieved food 
items independently.  Recrui tment  was, however,  observed o n  numerous  
occasions. The recruit ing ant  emerged f rom the nest, with her  gaster  di- 
rected downwards  in a typical trail laying posture,  followed immediately 
by up to 10 recruits.  The recruiter, advanced at a relatively slow pace making 
frequent  pauses, often appearing to pause until  bumped  by one of the re- 
cruits. The recruits  dar ted  rapidly f rom side to side, advancing less directly 
than the recruiter,  but  f requent ly  over taking her. Often, after  a few metres,  
some recruits  lost contact  with the recrui ter  but  invariably some were 
successfully directed to a prey item. For  example, five recruits  were suc- 
cessful in locating a large lepidopteran larva 40 m from the nest. Typically, 
recru i tment  occurred  when an i tem of prey, too large for an individual to 
retrieve, was located. Cooperative retrieval of the intact prey items did not  
occur,  instead the ants bit  the prey into pieces that  individuals could carry. 

Foraging excursions l a s t ed  for up to 35.6 rain (= 2134 s), and ants tra- 
velled up to 50 m f rom their nests in search of food. The distance covered 
on foraging excursions varied with microcl imat ic  conditions. On a cool- 
moist  day (maximum air tempera ture  30.0 ~ C, surface tempera ture  57.0 ~ C, 
vapour  pressure  deficit 0.70 kPa) the mean  radius f rom the nest  to the 

location of food particles was 31 ___ 9 m (X - sd, n = 16), whereas,  on a 
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Fig. 2. - -  R e l a t i o n s h i p  b e t w e e n  
t he  n u m b e r  o f  s u c c e s s f u l  
f o r a g i n g  e x c u r s i o n s  f r o m  
one  co lony  p e r  day  a n d  
s u m m e d  da i ly  v a p o u r  
p r e s s u r e  def ic i t  (kPa).  y 
= - - 5 9 5 . 9  + 0.04x ; r"  = 
0.64. 

Abb.  2. - -  V e r h a e l t n i s  von  de r  
0 Anzah l  de r  e r fo lg re i chen  

N a h r u n g s s u c h e r  e i n e r  Ko- 
14 18 22 26 30 34 38 lonie  p ro  Tag,  z u m  taegli- 

c h e n  G e s a m t -  D a m p f d r u -  
1 r~]u ckab fa l l  (kPa).  y = --595.9 

DAILY SUMMED VPD X + 0.04x ; r" = 0.64. 

hot-dry day (maximum air temperature  40.2 ~ C, surface tempera ture  68.0 ~ C, 
vapour  pressure deficit 1.43 kPa) foraging distance was only 16 - 9 m 
(n = 19). These values are significantly different (p < 0.05, MANN-WHITNEY 
U-test). 

Relative to foraging distance, inter-nest distance was small (X 32.2 m, 
range 13-50 m, n = 17). Thus colonies probably  have overlapping foraging 
areas. This was confirmed by the f requent  occurrence of ants f rom two 
to three colonies at  the same bait point. Also, in the course of following 
foragers,  there were occasions when an individual passed within a few cm 
of another  colony's nest entrance. 

Typically prey items were located on the exposed sand surface (n = 
50 observations) and not in shaded areas. However,  at  surface temperatures  
greater  than 51 ~ C foraging ants make periodic retreats  into thermal  refuges, 
such as in the shade or  by climbing up objects  such as grass stalks (MARSH, 
in press), where food does not occur. W i t h  increasing sand surface tempe. 
ratures  beyond 51 ~ C the effective time ants  spent  searching for  prey, rela- 
tive to the total time away f rom the nest, decreased progressively (fig. 3). 

Running speed was a function of temperature ,  showing a linear increase 
between sand surface temperatures  of 27-62 ~ C (f/g. 4). The max imum re- 
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Abb. 3. - -  Verhaeltnis yon 
Sandoberf laechentempera  - 
tur  und Zeit, die nahrungs- 
suchende Ameise auf son- 
nenexponier ten Sandober- 
flaechen verbrachte,  zur 
Gesamtzeit  der Abwesen- 
heit der  Ameise vom Nest. 
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Fig. 4. - -  Relationship between 
running speed and sand 
surface temperature,  y = 
--11.79 + 0.58x ; r e = 
0.86. 

Abb. 4. - -  Verhaeltnis v o n d e r  
Geschwindigkeit der Font~ 
bewegung zur Sandober- 
f laechentemperatur ,  y = 
--11,79 + 0.58• ; r2 = 
0.86. 

c o r d e d  s p e e d  w a s  23 m m i n  -1.  A t  t h e  l o w e s t  r e c o r d e d  t e m p e r a t u r e ,  w h e n  

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

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

n o  a p p a r e n t  i m p a i r m e n t s  t o  c o o r d i n a t i o n  a t  t h e  h i g h e s t  r e c o r d e d  t e m p e r a -  

t u r e s .  
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DISCUSSION 

The present study indicates that O. barbiger is a scavenge r of arthropods. 
Furthermore,  less detailed observation on O. turneri and O. velox, in the 
Namib desert, and on O. velox and an unidentified congener in the Etosha 
National Park, SWA/Namibia, indicate that these species are also primarily 
insectivorous (unpubl.). All of these observations have been in arid habitats 
and are in marked contrast to the observations of Prins (pers. comm.) who, 
in less arid regions of southern Africa (Cape Town and Namaqualand), has 
collected large amounts of seed from the nests of O. barbiger. Furthermore, 
Prins (pers. comm.) has made similar observations on O. weitzeckeri in the 
Kruger National Park, South Africa and these observations have led to the 
generalization that all members of the genus Ocymyrmex are highly gra- 
nivorous (PRINS, 1963 ; 1965). From the available evidence it thus appears 
that O. barbiger, and other members of the genus, are capable of switching 
their diet depending on locality but more detailed data from localities other  
than the Namib desert are required to confirm this tendency. Further- 
more, numerous seed-harvesting ants preferentially take insect prey when 
they are available (WHITFORD, 1978) and especially when seeds are scarce 
(MARSH, unpubl.). 

It appears that O. barbiger foragers occupy their temporal/ thermal niche 
in order to maximize the exploitation of dead arthropods. Although, in the 
short term, the size and type of p rey  remained the same irrespective of 
microclimatic conditions, recovered prey originated substantially closer to 
the nest during hot-dry periods than during cool-moist conditions. The 
most acceptable explanation for this observation is that prey density in- 
creases during hot-dry conditions. 

In hot deserts high temperatures and desiccation could be important  
mortality factors for small arthropods. The apparent increase in prey 
availability and the increase in forager activity attending hot-dry periods 
supports this hypothesis. Furthermore, many of the soft-bodied arthropods 
taken by O. barbiger were visibly moist and therefore, had died that same 
day as dead insects dehydrate rapidly (EDNEY, 1977). 

Studies, on the behavioural ecology of O. velox (WEHNER & MARSH, 
unpubl.) and the present investigation on O. barbiger, indicate that the genus 
Ocymyrmex (Subfamily Myrmicin~e) occupies the same ecological niche as 
Cataglyphis species (subfamily Formicina~) occupy in the Sahara desert and 
southern Greece (HARKNESS & WEHNER, 1977 ; SCHMIDT-HEMPEL, 1983 ; WEHNER 
et al., 1983). Both genera are primarily scavengers of arthropods, forage 
during the heat of t h e  day, run very rapidly and are single prey loaders. 
Both genera are adapted to utilizing a low density, spatially unpredictable 
food source and occupy their thermal niche in order  to take advantage of 
environmentally stressed prey. 
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One of the m a j o r  differences be tween  the two genera  is colony size. 
While Ocymyrmex colonies compr i se  a few hundred  individuals,  Cataglyphis 
colonies a re  larger,  f requent ly  containing several  thousand  workers .  Fur- 
t he rmore ,  r ec ru i tmen t  behav iour  does not  occur  in Cataglyphis species the 
worke r s  of  which  exhibit  life-long fideli ty to specific foraging areas.  In  
cont ras t ,  Ocymyrmex species have a well  developed r ec ru i tmen t  sys t em and  
worke r s  a p p e a r  to have little fidelity for  specific foraging areas  (WEHNER 
& MARSH, unpubl .  ; p re sen t  study). 

In  the Austral ian arid-zone, m e m b e r s  of the ant  genus Melophorus 
occupy a s imi lar  t he rm a l  niche to tha t  of  Ocymyrmex and Cataglyphis spe- 
cies wi th  some species foraging at  surface  t empe ra tu r e s  jus t  exceeding 
65 ~ C (MORTON, 1982). Some  Melophorus species are, however ,  seed-harves- 
te r  ants  and  thus the selective p res su re  which have resul ted  in thermo-  
phil ic behay iour  m a y  be different  in the Afr ican and  Austral ian ants .  I t  is 
also possible  tha t  s imilar  selective p ressu res  m a y  have .been in opera t ion  
dur ing the evolut ion of thermophi l ic  behav iour  wi th  the Melophorus species 
radia t ing at  a la ter  s tage into a harves t ing  role. Fur the r  s tudies of  all three  
genera  are  necessary  before  a n y  meaningfu l  conclusions can be made.  

The locomotory  speeds measu red  reflect  the m a x i m u m  speeds  that  O. 
barbiger worke r s  a t ta ined  at  d i f ferent  t empe ra tu r e s  (fig. 4). In  prac t ice  
the ants  did not  run  cont inuously  while on the insolated sand surface  bu t  
occasional ly paused,  e i ther  to invest igate  a potent ia l  food i t em or  for  naVi- 
gat ional  purposes .  On the plausible  a s sumpt ion  tha t  the f requency  of  such 
pauses  is not  re la ted  to t empera tu re ,  searching speed should i nc r ea se  wi th  
t he rma l  load. Beyond a crit ical t e m p e r a t u r e  however  the ants  cannot  
r em a i n  cont inuously  on the surface  (fig. 3) and  as p rey  i tems do not  occur  
in t he rm a l  refuges  (MAgsH, in press) ,  t ime  spent  in refuges reduces  the 
a m o u n t  of  ext ranidal  t ime available for  farging per se. I t  follows that  there  
should be a t e m p e r a t u r e  at  which the area  searched by foraging ants  pe r  
uni t  t ime is max imal  and the t ime requi red  to collect a single food i tem is 
least.  This  t e m p e r a t u r e  can be  r ega rded  as op t ima l  for  foraging.  By 
combining  the in fo rmat ion  f rom figure 3 and 4 it can be seen tha t  the op t imal  
searching surface  t e m p e r a t u r e  for  an individual  is about  52 ~ C (fig. 5). f in  
view of the foregoing discussion, the vert ical  scale on figure 5 cannot  be  taken 

l i t e ra l ly  as it reflects  a theoret ical  m a x i m u m ,  however ,  the pa t t e rn  genera ted  
is valid and  serves to identify the op t ima l  searching t e m p e r a t u r e ] .  As 
t e m p e r a t u r e  changes cont inuously  th roughou t  the day it would  be unrea-  
sonable  for  ants  to forage at  this op t ima l  t e m p e r a t u r e  only. I t  would,  
however ,  be  reasonable  to predic t  tha t  a t  the  colony level foraging act ivi ty 
should peak  a t  this t empera tu re .  T h e m o r n i n g  activi ty peak  coincides 

closely wi th  this t e m p e r a t u r e  (X 53.5, range  51.8-56.3, n = 11), and on rela- 
t ively cool days ( m a x i m u m  sand sur face  t e m p e r a t u r e  62 ~ C) the a f t e rnoon  

peak  in fo rage r  act ivi ty also occurs  in this range  (X- 51.8, r ange  50.5-52.5, 
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n = 6). In contrast ,  on exceptionally hot-dry days (maximum surface tem- 
pera tu re  > 67 ~ C) foraging activity is apparent ly  maximal  at  'high, subopti- 

mal t empera tu res  (X 59.0, range 57.0-62.0, n = 3) bu t  more  data is requi red  
to conf i rm this tendency.  
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Fig. 5. - -  Re la t ionsh ip  be t w een  search  dis tance pe r  un i t  t ime and  sand  sur face  tempera-  
ture .  " a m "  and  " p r o "  indicate the range  of t e m p e r a t u r e s  over  wh ich  colony 
activity peaked  dur ing  t h e  m o r n i n g  and  af ternoori  activity per iods  respectively.  

Abb, 5. - -  Verhae l tn i s  von bei der  N a h r u n g s s u c h e ,  zurueckgelegten  E n f f e r n u n g  einer  
Ameise p r o  Zeiteiheit,  zur  Sandob~rf laechen  t e m p e r a t u r .  Der  T e m p e r a t u r b e r e i c h  
fuer  die Hauptak t iv i t a I  e iner  Kolonie a m  Vor  - -  bzw. N a c h m i t t a g  w i rd  mi t  " a m  " 
bzw. " pm " angegeben. 

Although there  will b e  a loss of foraging efficiency at t empera tures  
greater  than opt imum,  provided prey density is higher  during such condi- 
tions than at  the opt imal  searching tempera ture ,  the r eward  pe r  uni t  t ime 
can still be  greater .  F o r  example, the p rey  retr ieval  ra te  would be the 
same at 64 ~ C and at the optimal t empera tu re  provided p rey  density was 
double that  at  the opt imal  tempera ture .  The evidence provided here  sug- 
gests tha t  changes in prey  density of this magni tude  do occur  and that  they 
are related to the f luctuat ing thermal  environment .  

For  a n u m b e r  of reasons foragers Of social insects may be able to tolerate  
higher  thermal  loads than o ther  insects, before  incurr ing reduced  fitness. 
Workers  a r e  sterile and contr ibute  only indirect ly to producing the next  
generation (WILSON, 1971). The death of a forager  would reduce,  but  not  
prevent ,  the reproduct ive  output  of a colony. Of the various physiological 
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f u n c t i o n s ~  r e p r o d u c t i o n  i n  i n s e c t s  i s  m o s t  r e a d i l y  a f f e c t e d  a d v e r s e l y  b y  t e m -  

p e r a t u r e  e x t r e m e s  (BuRSELL, 1964):  B e c a u s e  f o r a g i n g  i s  u s u a l l y  p e r f o r m e d  

b y  o l d  w o r k e r s  (WILsOn,  1971 ; OSTER a n d  WILSON, 1978 ; PORTER a n d  JOR- 

GENSEN, 1981 ; WEHNER et  al., 1983) t h e  l o s s ,  o r  i n c a p a c i t a t i o n ,  o f  a f o r a g e r  

t h a t  h a s  p r o g r e s s e d  t h r o u g h  v a r i o u s  o t h e r  w o r k  r o l e s ,  i s  l i k e I y  t o  b e  l e s s  

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

w o r k e r .  

ACKNOWL~MENTS. - -  I wish  to t h a n k  G.N. Louw, B.A. MARSH, E. McCLAIN, D. MITCHELL, 
M.K. SEELY, R. WEHNER and  R.I. YEATOr~ for  the i r  valuable  discussions and  comment s  
and  B. BOLTOt~ for  identifying the  ants.  The Depa r tmen t  of Na ture  Conservat ion,  SWA/ 
Namibia,  kindly gave permiss ion  to work  in the  Namib-Naukluf t  Park, and  provided 
living and  working  facilities. The Transvaa l  Museum, University of Cape Town and  
the  CSII~ of Sou th  Africa provided f inancial  support .  

References 

BURSELL E., 1964. - -  Env i ronmen ta l  a spec t s :  Tempera ture .  I n :  M Rockste in  (ed), The 
physiology of insecta. Vol 1 Academic Press, New York and  London, 284-321. 

DREISlG H., 1980. - -  Daily activity, t he rmoregu la t ion  and  wate r  loss in the Tiger Beetle 
Cicindela hybrida. Oecologia, 44, 376-389. 

EDNEY E.B., 1977. - -  Water  ba lance  in land a r thropods .  Springer-Verlag, Berlin,  Heidel- 
berg  and  New York. 

HARKNESS R., WEHNER R., 1977. Cataglyphis. Endeavour, 1, 115-121. 
KREBS J.R., McCLEERY R.H., 1984. - -  Opt imizat ion  in behavioural  ecology. I n :  J.R. Krebs 

& N.B. Davies (eds), Behavioura l  ecology. An evolutionary approach. Blackwell 
Scientific Publicat ions,  London, pp. 91-121. 

MARStt A.C., in  press.  - -  Thermal  responses  and  t empera tu re  tolerance in a d iurnal  deser t  
ant ,  Ocymyrmex barbiger. Physiol. ZooL, 58. 

MORTON S.R., 1982. - -  Granivory in the  Aust ra l ian  ar id  zone :  diversity of ha rves te r  ants  
and  s t ruc tu re  of the i r  communi t ies .  I n :  W.R. "BARKER & P.J.M. GREENSLADE (eds), 
Evolution of the flora and fauna of arid Australia. Peacock Publicat ions,  Frewville, 
pp. 257-262. 

OSTER G.F., WILSOn E.O., 1978. - -  Caste and. ecology in the social insects. Princeton Uni- 
versity Press, Princeton.  

PORTER S.D., ]'ORGENSEN C.D., 1981. - -  Foragers  of the ha rves te r  ant,  Pogonomyrmex 
owyheei : A disposable  caste ? Behav. Ecol. Sociobiol., 9, 247-256. 

PRINS A.J., 1963. - -  A list of the  ants  collected in the  Kruger  Nat ional  Pa rk  wi th  notes  
on the i r  d is t r ibut ion.  Koedoe, 6, 91-108. 

PRINS A.J., 1965. - -  African Formicidae (Hymenoptera) .  Description of a new species. 
S. Afr. ]. Agric. Sci., 8, 1021-1024. 

SCHMID-HEMPEL P., 1983. - -  Foraging ecology and  colony s t ruc tu re  of two sympat r ic  
species of deser t  ants  Cataglyphis bicolor and  Cataglyphis albicans. P h . D .  thesis, 
Universi ty  of Zurich.  

SCHOERER T.W., 1971. - -  Theory of foraging strategies.  Ann. Rev. Ecol. Syst., 11, 369-404. 
WEHNER R., HARKNESS R.D., SCHMID-HEMPEL P., 1983. - -  Foraging strategies in individually 

searching ants ,  Cataglyphis bicolor (Hymenop te r a :  Formicidae).  Akademie der 
Wissenscha#en und der literatur, Math.-Naturwiss. K1, Stut tgar t .  

WmTFORD W.G., 1978. - -  Foraging by seed-harvest ing ants.  I n :  M.V. BRIAN (ed), Produc- 
tion ecology, of ants and.termites.: C a m b r i d g e  Urriversi~y Press ,  pp. 107-110. 

W m ~ o m )  W.G.~ DEPREE E . ,  JOHNSON P . ,  1980. - -  Foraging ecology of two Chihuahuan  
deser t  an t  spec ies :  Novomessor cockerelli and  Novomessor albisetosus, lnsect. 
Soc., 27, 148-156. 

WILSON E.O., 1971. - -  The insect societies. Belknap Press, Harvard,  Massachuse t t s  and  
London. 


