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Effects of sex-associated competitive asymmetries on foraging group structure and despotic distribution  in Andean condors

Abstract   Phenotype-limited interference  models assume competitive   asymmetries   among   conspecifics  and  un- equal sharing of resources.  Their main prediction is a correlation between dominance status and patch quality: dominant individuals  should  preferentially exploit  bet- ter-quality habitats. We tested  assumptions and  predic- tions of the phenotype-limited interference model in Andean  condors  (Vultur gryphus), a New World  vulture with strong  sexual size dimorphism (males are 30—40% heavier than females). We recorded searching birds in habitats differing in quality:  mountains and  plains.  We also  observed   scavenging  behaviour  at  20  sheep  car- casses, and videotaped 5 of them. Intraspecific  hierarchy at carcasses was based on size: males dominated females and,  within  each  sex,  older  birds  dominated younger ones. Adult males and juvenile females occupied extreme positions  in  the  feeding  hierarchy.  Aggression  was  di- rected  at  those  individuals   belonging  to  lower  hierar- chical levels. In high-quality areas (mountains), more condors  arrived at carcasses. Juvenile females were more often  observed  searching  in  low-quality  areas  (plains), far  from  breeding   areas  and  main  roost   sites.  GLM analyses  of individual  behaviour showed  that  the  hier- archy did not influence time of arrival, but low-ranking individuals  spent more time at carcasses, especially if the number   of  condors   at  arrival  was  high.  Additionally, low-ranking condors  spent less time feeding at carcasses
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when   individuals   of   higher   hierarchical    levels  were present.   On  the  other   hand,   the  number   of  condors present  had  a positive  effect on  feeding  rates  of domi- nant individuals,  probably because of a reduction in individual  vigilance. These results support most of the assumptions and predictions of the phenotype-limited distribution model, although a spatial truncated distri- bution   between  phenotypes was  not  observed.  Asym- metric feeding pay-off, unequal  parental roles and sexual selection  constraints could  favour  sexual  divergence  in body  size in Andean  condors.
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Introduction
Cooperation in searching for and manipulating food has evolved many times within vertebrates (Wilson 1975). Individual advantages of foraging  in groups  are related to the increased  probability of detecting  food,  since the area surveyed by groups  is larger than  that  covered by a single animal,  and  individuals  have  the  opportunity to observe  other  conspecifics feeding  or displaying  behav- iours  related  to feeding (Ward  and  Zahavi  1973; Krebs
1974; Caraco  1981; Pulliam and Caraco  1984; Clark and
Mangel  1986; Huntingford and  Turner  1987; Benkman
1988). Moreover, when food items are large in size, food
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manipulation (killing, dismembering  and defence against interspecific competitors) can be better  achieved  among
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conspecifics  than  by single individuals  (Schaller  1972).
Finally, foraging in groups increases the probability of predator detection   and  avoidance   (Gluck  1986;  Lima and  Dill  1990). On  the  other  hand,  the  main  costs  of group  foraging  have  usually  been  related  to  decreased food  intake  per individual  as group  size increases  (Vic- kery et al. 1991).
Different patterns of food sharing among conspecifics have been proposed. The ideal-free distribution model (Fretwell  and  Lucas  1970; Fretwell  1972) assumes  that
individuals have similar competitive abilities and move freely among  patches  in relation  to the reward  expected for  each of them.  Consequently, better  patches  will re- ceive more  individuals  but  the reward  would  be similar

plains  (low). In  addition, comparisons were made  in a single habitat (mountain) during  two  seasons  with  dif- ferent foraging  quality:  spring (low) and summer (high).
in   each   visited   food   site.   Phenotype-limited   models
 

consider the role of unequal competitive abilities (asymmetries)   among  individuals   (Parker   and  Suther- land 1986; Milinski 1988; Milinski and Parker  1991; Lindstrom  and   Ranta  1993).   The   asymmetries   are mainly  based  on  age  and  body  size differences:  larger and older individuals  dominate in interactions at feeding grounds  (Bautista  et al. 1995). Competence asymmetries among   individuals   could   have   important  effects  on group   structure,  rate   of  food   intake   and   individual spatial  distribution in social foraging  species (see among others  Parker  and Sutherland 1986; Milinski  1988; Milinski  and  Parker  1991; Rita  et al. 1996).
Studies testing interference  models are scarce (but see

Monaghan 1980; Goss-Custard et al. 1984; Bautista  et al.
1995; Milinski  et al. 1995). Among  vertebrates, vultures are excellent candidates for studying  the social foraging implications of despotic  competence  (Kirk  and  Gosler
1994). They  exploit  animal  carcasses,  an  unpredictable and ephemeral resource; carcasses are located through processes such as information transfer  at information centres  and  local enhancement (Buckley 1996). Individ- ual foragers gather at feeding grounds and strong in- traspecific competition arises (Mundy  1982; Wallace and Temple  1987). Morphological constraints and  k-related life history  traits  make  vultures  appropriate subjects  to compare  competitive  asymmetries  related  to  age  since many species experience long periods before sexual maturity. In addition, although intraspecific variation in body size is rare among  vultures  it can be found  among the subspecies coexisting in wintering quarters (Kirk and Houston 1995) or between  sexes in the Andean  condor Vultur gryphus) (Del Hoyo  et al. 1994).
The  objectives  of this paper  were as follows.  (1) To test  the  existence  of  intraspecific  competitive  asymme- tries in Andean  condors  during  scavenging activities.  In this  species,  males  weigh  36—37% more  than  females (11—15 kg vs 8—11 kg; Del Hoyo  et al. 1994), and sexual maturity is reached  after 6 years of age (Del Hoyo  et al.
1994), which can lead to strong intraspecific feeding hi- erarchies.  (2) To study  the effects of competitive  asym- metries  on  social  foraging  strategies,  focusing  on foraging  group  structure and  foraging  rewards.  We tes- ted  the  phenotype-limited  interference   model  (Suther- land  and  Parker   1985;  Ranta et  al.  1993;  Rita  et  al.
1996). Model  assumptions are that  phenotypes differ in dominance  status,   that   pay-off   for   subordinates  de- creases  when  the  number   of  dominants increase,  and that  relative pay-offs of phenotypes change between patches.  The main prediction is a correlation between dominance status and patch quality,  with stable and truncated distributions of phenotypes between patches (dominants would be concentrated exclusively in patches of  higher  quality).  Foraging activities  were  studied  in two  areas  of  different  quality:   mountains  (high)  and

Methods
Study area and sites
This study was conducted  in the Neuquen  Province,  northern Ar- gentinean  Patagonia, in an area with a radius of 60—70 km centred in  Junin  de los Andes  (39057’S  and  71005’W,  780 m  a.s.l.).  The weather is cold and dry with a pronounced gradient  of rainfall from
800 mm  average  annually   in  the  mountains to  300 mm  on  the eastern steppes. The region belongs to the Patagonian phytogeo- graphic province, Western District  (Cabrera 1976). The Andean condor,  once widely distributed along the Cordilleran Range  from Venezuela to Tierra del Fuego,  is now rare in most of its range but still relatively abundant in the study area (Del Hoyo  et al. 1994).
Two zones with different quality of foraging habitats were considered  for  our  study.  The  criteria  for  quality  were:  (1)  the distance to Andean condor breeding and roost sites and (2) the possibility to safely exploit the carcasses. Condors are birds at the limit of flight capacity  due to their  high wing loading  (McGahan
1973).  Large  adult  males  experience  difficulties  taking  off  after feeding  (Palermo  1983); occasionally,   birds  have  to  climb  steep
slopes on  foot  until  they  are  high enough  to  fly (personal  obser-
vations).  Hence,  flat areas  are risky for  condors  since the proba- bility  of  predation increases.  Carnivores have  been  seen  to  kill
vultures feeding at carrion  (Donazar and Ceballos 1988; Mundy  et al. 1992) and  the capture  or killing of scavenging  condors  by hu-
mans is (or has been) not rare (McGahan 1972; Palermo  1983).
Carcass  availability   is  not  a  primary   component of  habitat
quality  since carrion  abundance does  not  vary  within  our  study area. Sheep carcasses are the main food resource for condors  in the
study  area  (72.1%  of appearances, n  = 179 pellets, personal  ob- servation).  Availability  of sheep carcasses is very high throughout
the  whole study  area  where tens  of thousands of sheep  head  are raised annually  (personal  observation).
We considered  two different quality  areas.
High quality (mountain  areas)
The mountains (spurs  of the Andean  range)  occupy  the northern and  western  portions   of  the  study  area,  with  the  highest  peaks reaching  3600 m. Condor  roosts  and  breeding  areas  are  between
1190 and 2000 m a.s.l. (personal  observation). Human  disturbance is very low: there  are some isolated  human  settlements  and  a few

non-paved   roads.  Information from  sheep  farmers  suggests  that
carcass  availability  is similar in spring  and  summer.  Flight  condi- tions for foraging  condors,  however, should  be much better  in the
summer  due  to  warmer  weather  and  thermal  formation  (Penny- cuick  1972);  consequently,   the  probability  of  gaining  carcasses
(quality  of the habitat) would increase during  the summer.
Low quality (plains)
The plains are located in the south-eastern part of the study area at
500—700 m a.s.l., and are dissected by steep valleys. There is a single
condor  roost  site on an isolated  hill at 1000 m a.s.l. which is reg- ularly visited by the birds. The human  population is larger than  in
the  mountains: there  is a  paved  road  and  a  town  with  5000 in- habitants (Junin  de los Andes).
Foraging behaviour
To  study  the  foraging  behaviour  of Andean  condors,  we placed sheep carcasses both  in a mountain area (Puerto  de Pilolil, 1160 m
a.s.l.), and  in a plain zone (Mendana hills, 840 m a.s.l.). Observa- tions  were made  between  10 November—20 December  (spring)  of
1991 and 1992, and between 12 January—10 February (summer)  of
1995. To establish  the existence of competitive  asymmetries,  three
age classes were considered:  juvenile, subadult and  adult  condors. Adult  birds  have  black  plumage  with  white  secondaries  and  up-
perwing coverts,  and  a conspicuous  white neck ruff. Juveniles are dull brown  (Del Hoyo  et al. 1994). Subadult birds look like adults
but  their  secondaries  and  upperwing  coverts  are in ochre  or grey shades,  never  pure  white.  Males  were distinguished  from  females
mainly by the presence of a comb of variable  size. Unlike  Wallace and  Temple  (1987), we did  not  attempt  to  distinguish  more  age
categories: according to our field experience, it is extremely difficult to  detect  less showy  characters  (such as iris colour)  from  several
hundred  metres away, and  impossible  to determine  accurately  the age of each individual  when numerous  condors  gather  at carrion,
with the birds constantly  shifting position.
The data  recorded  in the course of 309 h of systematic  obser-
vations  during  spring (66 in the mountains and 243 on the plains)
were used to obtain information on the age and sex of the birds that
were exploring  the ground.  Both age class and sex of all the flying condors   observed  while  travelling  in  the  study  area  during  the
whole study period were also recorded.  Subadults were pooled with juveniles,  since assessing  characters  such  as a  white  neck  ruff in
flying birds  at  medium  or  long  distances  is difficult. Most  of the birds  were observed  during  the spring  (n  = 56 in the mountains
and n  = 61 on the plains), while 12 and 17 birds were observed in the summer season in the mountains and on the plains, respectively.
The samples of the two periods did not show significant differences in relation  to age and sex frequencies (N x M tests, P > 0.05), so
we pooled  data  from spring and summer for further  analyses.
Condor   scavenging  behaviour   was  studied   by  observing   18

sheep carcasses, 7 placed in the mountain area and 11 on the plains site during  the spring season. Two people watched  simultaneously,
with telescopes, from a car or hides at a minimum  of 300 m away from the carcasses, not interfering  with the behaviour  of the birds.
We recorded  the age class, the sex, the arrival  and departure times for  every individual,  and  all the  interactions among  individuals,
identifying  the age and sex of actors  and receivers and whether  or not the displacement  attempt  was successful.
We also examined  14 h of video film of five sheep carcasses in the mountain area during the summer (January and February 1995)

and  one carcass  on the plain  during  the spring  (December  1992). We recorded:  (a) all condor  arrivals  and  departures until  the car-
casses were fully consumed by the condors or any other avian scavenger species; (b) the total  time that  every individual  spent  in
feeding activities: every 10 s we recorded  if the individual  was (1)

feeding: i.e. pecking the carcass or with its head towards the carcass
below the horizontal level, (2) watching:  the condor  was less than
1 m away from the carcass, with its head erect above the horizontal
level, (3) out: the condor was more than 1 m away from the carrion.
Data  analysis
Determination of feeding hierarchies, and the comparisons between frequencies of condors scavenging in the three studied zones and between   scavenging   and   searching    condors    were   performed through univariate  analyses  following Wells and  King  (1980) and Siegel and  Castellan  (1988). Hierarchies  among  sex and  age cate- gories  were  studied,   on  the  basis  of  the  observed   interactions among   the  individuals   sharing   the  carcasses,   following  similar studies  on  scavenging  birds  (Alvarez  et  al.  1976;  Wallace  and

due to individual  differences using the filmed carcasses and taking into  account   the  interactions directed  for  each  individual   sepa- rately.  For  each bird  we obtained one index for each age-sex cat- egory with which it interacted.  The index checked if the rate of aggression  performed  by the bird towards  individuals  of each cat- egory was different to those expected by chance. The index was calculated as (number of aggressions directed to category A/total number  of aggressions  performed)/(number of condors  belonging to  category  A/total number   of  condors).   Index  values  above  1 represent  frequencies  of  aggression  above  those  expected.  When only birds  of two age-sex categories  were present  we did not  per- form calculations, as the potential  aggressor  had no choice.
The analyses  of arrival  time, time spent  at carcasses and  time spent feeding were performed  through generalized linear models (GLMs;  Nelder  and  Wedderburn 1972; Dobson 1983; McCullagh and Nelder 1983). It allows us to determine a wide range of rela- tionship  between  the response  and  explanatory variables  and  the use of different  error  formulations according  to  data  characteris- tics. We fitted each explanatory variable  to the observed  data  fol- lowing a modification of the traditional forward stepwise procedure which  conducts,   through  the  principle  of  parsimony,  the  most minimal  adequate model  able  to  describe  the  data  set (Donazar et al. 1993; Bustamante et al. 1997). If a preliminary  exploratory analysis suggested a curved response we fitted a quadratic function and a cubic term to improve the model. We also tested square root and  logarithmic  transformations if the data  suggested  multiplica- tive effects. Model  criticism was made following Crawley (1993).
We characterized each of the response variables as follows. The arrival  time  was calculated  for  each  condor  as the  difference (in
minutes)  between  its  arrival  and  that  of  the  first  condor.  These
values were log-transformed and  a GLM  model  with  an  identity link and assuming normal  error was fitted (equivalent  to a multiple
linear  regression).  Time  spent  by individual  condors  at  carcasses was measured  in minutes  and  log-transformed. Finally,  the  time
that  the  condors  spent  feeding  was  calculated  by  examining  the filmed carcasses. The variable  was the frequency  of 10-s sequences
in which the bird was observed feeding. We considered  a binomial distribution of errors  (denominator = 1) and  used a logistic link
(equivalent  to a logistic regression).
The explanatory variables  were characterized as follows:
(1) Hierarchy:   following  our  results  (see below),  four  categories were considered, from the first dominant to the last subordinate
—  adult  male, juvenile male, adult  female, juvenile female. (2) Carcass:  each carrion  was considered  as a different sample.
(3) Zone  (habitat quality):  following  the  considerations for  sea- sonal,  physiographic and  food  availability  conditions   we de-
termined   three   factors   —    mountain  in  spring,   mountain  in summer and plain in spring.
(4) Number  of condors  present  when each individual  arrived.
(5) Number  of condors  of higher  hierarchical  level present  when
each individual  arrived.
(6) Presence or absence of individuals  of higher hierarchical  levels.

(7) Maximum   number  of  condors  simultaneously present  during the time that  each individual  spent at the carcass.
(8) Maximum  number  of condors  of higher  hierarchical  levels si- multaneously present during the time spent by the individual  at
the carcass.
By considering  the above  variables,  through GLM  models we minimized the pseudorreplication problem  linked to the similarity of conditions  taking  place at each carcass and day, introducing as factors  both  the carcass and habitat quality  variable  (zone).
Temple  1987;  Hiraldo  et  al.  1991;  Kirk  and  Houston  1995).  For
 

each category we calculated  the percentage of aggressive actions performed  and won against  the other  categories.  To determine  the
existence of dominance  we compared  this frequency  with that  ex- pected  by  chance  (goodness-of-fit  test);  one-tailed  x2   and  Fisher exact tests were employed following Senar et al. (1989).
Directionality was studied  in the  same  data.  As pseudorepli- cation  is a common  problem  in studies  based  on unmarked indi- viduals  (Kirk  and  Houston 1995), we tried to reduce the variance

Results

Numbers of condors  and  foraging  habitat selection
During  the 66 h of systematic  observation in mountain zones, a total of 33 searching condors (0.50 individuals/h)
were detected,  while during  the 243 h of observation on the plain, 51 condors  were detected  (0.21 individuals/h). A further  51 condors  were observed  in a non-systematic way. Altogether, we accurately  determined the sex and age of 117 birds. In the mountains, 56 searching indi- viduals  were observed,  of which 21 (37.5%)  were adult males, 5 (8.9%)  adult  females, 19 (33.9%)  young males, and 11 (19.6%) young females. On the plain, 61 condors were observed,  of which 15 (24.5%)  were adult  males, 4 (6.6%) adult females, 13 (21.3%) young males, and 29 (47.5%)  young  females. The comparison of frequencies of each sex and  age category  observed  in both  habitats showed    significant    differences    (N x M    exact    test, P  = 0.002).  The  partitioning of the  contingency  table revealed  that  there  were  no  significant  differences  be- tween the frequencies  of male adults  and  male juveniles (x2   = 0.007, P > 0.9) and  between  males  (adults  plus juveniles)  and   adult   females   (x2   = 0.034,  P > 0.8); however, there were differences between juvenile females and  the remaining  categories  (x2   = 10.100, P < 0.01).
In spring and in the mountains a total  of 158 condors were observed  to land and feed on all 7 sheep carcasses. The total  number  of landing  birds ranged  between 5—38 (mean  = 20.6,   SD  = 12.8):  79  (50.0%)   were   adult males, 13 (8.2%)  adult  females, 29 (18.3%)  young males and 37 (23.4%) young females. The maximum  number  of simultaneously observed condors  ranged between 2—18 (mean  = 7.2, SD  = 5.2). On the plain,  54 condors  ar- rived at 8 (72.7%)  of the 11 monitored sheep carcasses. The total  number  of landing  birds ranged  between 2—16 (mean  = 7.1, SD  = 5.3). An additional 12 scavenging condors  were also observed at non-focal  carcasses found during this study. In total, of the 66 observed individuals,
18 were adult  males (27.3%),  12 adult  females (18.2%),
15 (22.7%)  young males and 21 (31.8%)  young females. The maximum  number  of simultaneously observed  con- dors ranged  between 1—5 (mean  = 2.6, SD  = 1.5).
During the summer and in the mountains, we observed a   total    of   35   condors    at   the   5   sheep   carcasses (mean  = 7.0, SD  = 5.4, range:  1—14); 8 (22.9%)  were adult  males, 11 (31.4%)  adult  females, 6 (17.1%)  young males and 10 (28.6%) young females. The maximum number  of simultaneously observed birds at a carcass ranged between 1—6 (mean  = 3.2, SD  = 1.9).
Application of  statistical  comparisons to  the  above data  revealed that,  in spring,  significantly more condors landed  at carcasses  in the mountains than  on the plain (Mann-Whitney U-tests,  Z  = 7.0, P  = 0.026); in addi- tion, more condors  landed in the mountains in the spring than  in the  summer,  (Z  = 5.0, P  = 0.048). The  same trends were observed regarding  the maximum  number  of condors   present   at  carcasses:  spring  mountain versus spring  plain  (Z  = 4.5,  P  = 0.007),  spring  mountain versus summer mountain (Z  = 3.5, P  = 0.018). Finally, by comparing sex and age frequencies  of searching  birds with those of feeding condors  (see above and Fig. 1), no significant differences were detected within the mountains (x2   = 6.426, df  = 3, P  = 0.0926) or plain x2   = 5.507, df  = 3, P  = 0.1382).

It was notable  that the male/female proportion in searching  birds seen in the mountains during  the spring differed markedly  from 1:1 for adult birds (21 males/5 females, binomial  test, P  = 0.004), but not for juveniles (19/11,  P  = 0.204).  The  same  trend   was  detected   in birds  landing   at  carrion:   adults   (80/13,  P  = 0.0001), juveniles  (29/37,  P  = 0.390).  On  the  plain,  the  trends were similar: searching  birds —  adults  15/4 (P  = 0.020), juveniles  13/29 (P  = 0.192); scavenging  birds  —   adults
18/12   (P  = 0.363),   juveniles   15/21   (P  = 0.406).   In contrast, during  the summer  and  in the mountains, the proportion of  sexes  did  not  differ  from  1:1  either  in landing   adults   (8/11,  P  = 0.648)  or  juveniles  (6/10, P  = 0.454).  This  means  that  the  fraction  of  adult  fe- males  increased  from  spring  to  summer  in  birds  scav- enging  in  mountain  areas   (N x M  exact  test,   P  =
0.00013).
Competitive ability  according  to sex and  age
The results obtained from all the interactions showed the existence of a distinct hierarchy  (Fig. 2). Adult males directed  and  won aggressions  against  all other  age and sex classes; subadult males dominated juvenile males, adult females and juvenile females (no simultaneous meetings  between  subadult males and  subadult females took  place); juvenile males dominated females of all age categories;  adult  females  dominated over  subadult and juvenile females; subadult females dominated over ju- venile females,  while juvenile females did not  dominate any  other   age  category.   Males  clearly  dominated  fe- males,  independent of age, and  within  each  sex group, older  birds  were dominants.
Regarding   directionality,   it   could    be   observed (Fig. 3) that  adult males attacked the subordinate cat- egories  with  a  similar  frequency  (Kruskall-Wallis test, KW  = 3.073,  P  = 0.238).  In  contrast, adult  and  ju- venile females  directed  their  attacks  significantly  more to   juvenile   females   (KW  = 7.200,   P  = 0.006,   and KW  = 13.524, P  = 0.000, respectively).  These  results clearly  indicate  that  condors  direct  their  aggression  to those   individuals   of  lower  hierarchy,  except,  clearly, those  at  the  end  of  the  hierarchical scale  (juvenile  fe- males) which only attack  individuals  of their  own cate- gory. When we investigated  if the rate of aggression (numbers/minute) received  by  an  individual  condor  of low-ranking categories  (females) depended  of the num- ber of dominant individuals  present,  we did not find any significant  correlation, and  the  trends  were  contradic-
tory:   adult   females  (rs   = 0.387,  P  = 0.327,  n  = 8), juvenile   females   (rs   = —0.313,   P  = 0.321,   n  = 12). Data  recorded  for  juvenile males were too  low to  con- duct  a similar  analysis.
The   GLM   model   on   individual   arrival   time   ac- counted  for  the  36.3%  of the  initial  deviance,  and  did not show data overdispersion. Only two variables were included into the model: carcass (70.7% of the explained deviance)  and  number   of  condors   at  arrival   (29.3%)
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Fig. 1  Percentage  of condors that  were observed  searching for and feeding at carrion  in mountain and plain areas dur-
ing spring (AM adult males, JM juvenile males, AF adult  fe- males, JF juvenile females)
(Table 1). This indicates that  time of arrival is highly variable  between  carcasses  and  late-arriving individuals encountered a higher number of condors.  Number of condors  of higher hierarchical level entered  initially into the model but its effect disappeared when the number  of condors  was included.
The GLM model dealing with the time spent by in- dividual condors  at carcasses accounted for 66.2% of the original deviance and did not show data overdispersion. Variables included were carcass (66.2%  of the explained deviance), number of condors at arrival (24.3%), and hierarchy  (12.8%)  (Table  2). These results  indicate  that time spent by individual birds was mainly related to the particular characteristics of each  carcass.  Additionally, within each carcass, the hierarchy had an important in- fluence:  dominant individuals   (adult  males)  spent  the

minimum   time  at  carcasses   whereas   juvenile  females stayed there longer (Fig. 4). Juvenile males and adult females  showed  a  similar  trend,  intermediate between the two extreme hierarchies. The differences among hi- erarchies  increased  when the number  of condors  present rose;  thus,   subordinate  individuals   (juvenile  females) were very sensitive and the time they spent at carcasses increased  more sharply  than  in the other  categories.
The best model obtained for time spent feeding by individual  condors  accounted for 25.7% of the initial deviance    and    did    not    show    data    overdispersion (Table  3). It included  four  variables:  carcass  (28.4%  of the explained deviance), hierarchy (14.6%), presence/ absence of condors of higher hierarchy (10.2%), and maximum  number  of condors  during  the individual  stay (7.2%).  Additionally, we found  a significant interaction
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Fig. 2  Number  of displacement attempts at carcasses recorded among condors  of each age and sex category  [x-axis target  (re- ceiver) individuals:  AM adult males, SBM subadult males, JM juvenile males, AF adult females, SBF subadult females, JF juvenile females). For  each bar,  successful attempts are in black and unsuccessful ones in white. Note  the different y-axis scales for adult  males and the other  categories.  Significance of one-tailed  chi-square  and Fish- er exact tests are shown above bars ( P < 0.05,     P < 0.01,
   P < 0.001, n.s. not signifi- cant; samples with n < 4 were
not considered  for statistical
tests)
between  hierarchy   and  maximum   number   of  condors (14.6% of the explained deviance). The representation of the  predicted  feeding  probabilities for  a  given  carcass (the first factor included in the analysis) showed that dominant condors  spent  more  time feeding than  subor- dinates.   The  hierarchical   differences  were  more  acute

when the number  of condors  present  was high and when there   were   individuals    of   higher   hierarchical  levels (Fig. 5). It is worth  noting  that  subordinate individuals such  as juvenile  females  spent  more  time  feeding  than more  dominant birds  when the number  of condors  and competitors was very low.
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Table 2  GLM   model  for  time  spent  at  carcasses  by  individual condors  (log-transformed), using  normal  error  and  identity  link. The  values  for  the   explanatory  variable     carcassss  (factor   le- vels = 20) are not shown
Parameter
SE
estimate
Constant
—2.030
0.219
Juvenile males 
0.418 
0.151
Adult  females 
0.200 
0.163
Juvenile females 
0.413 
0.140
Number  of condors  at
arrival

0.073 
0.014
Residual  deviance 
112.2
df
200

When  the  condors  stopped  feeding  they  abandoned the carcass but remained nearby. This was shown by significant  correlations detected  between  the  frequency of feeding and time spent away from the carcasses (adult males: rs   = —0.783, P  = 0.003, n  = 12; juvenile males: rs   = —0.476,    P  =   0.243,    n  = 8;    adult     females: rs   = —0.563,   P  = 0.036,   n  = 14;   juvenile   females: rs   = —0.685,  P  = 0.014, n  = 12). On the other  hand, when  we correlated the  frequency  of feeding  and  time spent  in vigilance attitudes (watching  over) we found  a significant  trend   only  for  adult   females  (adult   males: rs   = 0.007,    P  = 0.983,    n  = 12;    juvenile     males: rs   = —0.048,     P  = 0.935,     n  = 8;    adult     females: rs   = —0.644,   P  = 0.013,   n  = 14;   juvenile   females: rs   = 0.172, P  = 0.594, n  = 12).
Discussion
Dominance patterns

Fig. 3  Directionality of aggressions performed  by individual condors. The  index  (y-axis) represents  the  value  (mean ± SD)  of a fraction which evaluated  the observed  rate of aggressions  with respect to the total  number  of potential  receptors  (AM  adult  males,  JM  juvenile males, AF adult females, JF juvenile females). Index values above 1 represent  frequencies  of  aggressions  above  those  expected.  Sample sizes are shown above and below bars
Table 1 GLM  model for time of arrival  at carcasses of individual condors  (log-transformed), using  normal  error  and  identity  link. The  values  for  the   explanatory  variable     carcassss  (factor   le- vels = 17) are not shown

Our  results  showed  clear individual  differences in com- petitive  ability,  which  is a primary  assumption of phe-
Parameter 
SE
estimate
Constant
2.271 
0.461
Log (number  of condors at arrival  + 1)


0.747 
0.131


Fig. 4  Time spent at carcasses by individual condors as predicted by a
Residual  deviance 
283.8
df
195

GLM  with normal  error  and identity link. Explanatory variables are
hierarchy  and  number  of condors  at  arrival  (AM  adult  males,  JM
 

juvenile males, AF adult  females, JF juvenile females)
Table 3 GLM  model  for  time  feeding  at  carcasses  by  individual condors  in relation  to the total time of observation, using binomial error  (denominator = 1) and  logistic link. The values for the ex- planatory variable    carcassss (factor  levels = 5) are not shown
Parameter 
SE
estimate
Constant                                   1.173                          0.133
Juvenile males                           —0.380                          0.127
Adult  females                           —0.231                          0.107
Juvenile females                          0.439                          0.263
No competitors                         0.685                          0.110

larger  males  were  dominant over  the  smaller  females. The  effect of  age  was  apparent only  within  each  sex: older birds dominate younger birds. The analyses of interaction directionality and  intensity  of supplantation attempts revealed that interactions were preferentially directed at lower-ranked individuals  within the feeding hierarchy.   Very  few  interactions  were  aimed  at  adult males,  and  when  they  did  occur  they  came  from  other males.  This  hierarchical   pattern partially   differs  from that   described   by  Wallace   and   Temple   (1987)  when studying   intraspecific   condor   fighting   in  Peru.   They
Maximum  number
of condors
Hierarchy  x maximum
number  of condors

1.078 
0.219
—0.259
0.070

stated that, on occasion, age could be an important component in hierarchy  settlement  —  a female could dominate a  male  more  than  one  year  her  junior.  Our
Residual  deviance 
735.4
df
35
notype-limited  models  (Parker   and  Sutherland  1986). Intraspecific   hierarchy   at  carcasses   is  based   on  size:


findings agree more with studies where the supplanting behaviour in carrion-eating bird  species showing  sexual dimorphism is related to intraspecific hierarchies  defined by body  size (Knight  and  Knight  1988; Garcelon 1990; Hiraldo et al. 1991, Kirk and Houston 1995). In non- dimorphic vulture  species, intraspecific  hierarchy  seems
Fig. 5  Frequency  of time spent feeding by individual  condors
as predicted  by a GLM  with binomial  error and logistic link.
Explanatory variables  are hier- archy,  maximum  number  of
condors  present during the time spent by the individual  at the
carcass, and presence/absence of competitors (AM adult
males, JM  juvenile males, AF
adult  females, JF juvenile fe-

males)
to  be determined by age and  some  behavioural factors such  as  hunger  (Koford 1953; Anderson and  Horwitz
1979; Mundy  1982; Elosegi 1989).
Hierarchy and  foraging  pay-offs

The first assumption of phenotype-limited models is that pay-offs  for subordinates decrease  when the number  of dominant condors   increases.  Our  results  support  this, since subordinate individuals  obtained less food in the presence  of  dominant birds,  as  has  been  observed  in many other social-foraging species (see among others: Baker et al. 1981; Heinrich  1988, 1994; Senar et al. 1989; Senar   1994;  Kirk   and   Houston  1995  and   references therein).  In our  case, however,  and  contrary to the ob- servations   of  other   authors  (Balph  1977;  Bekoff  and Scott 1989), we did not find a direct relationship between the  number   of  competitors  and  the  frequency   of  ag- gression  directed  to subordinate birds.  This seems to be due to the fact that when competitors are present, ex- tremely subordinate condors,  especially juvenile females, remain at the edge of the scavenging group and avoid becoming involved in aggressive encounters (see also Alonso  et al. 1997). In fact,  our  results  show that  time spent feeding and time spent away from the carcass are inversely correlated. This  may  also  explain  why subor- dinates tended to spend more time at carcasses when the number of condors present was high, whereas more dominant individuals,  such as adult males, are almost unaffected.  A similar  pattern of time maximization has been described, at the interspecific level, in other scav- enging  guilds  (Hiraldo et al. 1991). Such  a strategy  by extremely  subordinate condors  would  be facilitated  by their higher flying capabilities,  which would permit them to remain  for longer periods  of time at carcasses.
We detected  a positive  effect of the  number  of con- dors  present  on  the  individual  rate  of food  intake.  As occurs at the interspecific level in other scavenger as- semblages (Alvarez et al. 1976), the presence of a larger number  of conspecifics probably determines  some feed- ing  advantages that  compensate  for  the  inhibition ef- fects. A larger number  of condors  can better  dismember the  cadaver,   permitting access  to  a  larger  amount  of food. Additionally, larger group sizes can reduce the amount of time dedicated  to vigilance, as has been ob- served in other  social foraging  species (Gluck  1986; Li- ma   and   Dill   1990;  Alonso   and   Alonso   1991).  An interesting  observation, however,  is that  this effect was not  detectable  for  juvenile  females.  They  spent  almost the  same  amount  of  time  feeding  regardless   of  the number of conspecifics present. Juvenile females are probably not  able to benefit from  an increase  in group size since all the birds present  (when competitors are not present they would be other juvenile females) can po- tentially  compete  with them for food.
The second assumption was that  the relative pay-offs of  phenotypes change  between  patches.   We  have  ob- tained  indirect  evidence supporting this; the number  of

dominant individuals  (i.e. adult  males)  is higher  in the mountains  (better-quality area).  From   the  results  ob- tained modelling the feeding-rate  intake, we could rea- sonably expect a reduction in the relative pay-offs for subordinate  birds   (mainly   juvenile  females)  in  these zones.   Increasing    interference    in   larger   conspecific groups and subsequent reduction of food intake by subordinate individuals  has  been  observed  in other  so- cial-foraging  species such  as turkey  vultures  (Cathartes aura,  Kirk  and  Houston 1995), herring  gulls (Larus  ar gentatus,  Monaghan 1980; Monaghan et al. 1986), oys- tercatchers (Haematopus  ostralegus,  Goss-Custard et al.
1984),  and  mute  swans  (Cygnus  olor,  Milinski   et  al.
1995).
Habitat segregation
The main prediction of the phenotype-limited model is a positive   relationship  between   dominance  status   and patch  quality.  Our results support the idea that  despotic competence determines patch segregation in the studied region. Extreme dominants (adult males) search for food and scavenge mainly in high-quality areas (mountain) whereas extreme subordinates (juvenile females) forage mainly  on the plains.  Similar  segregation  patterns have been described for other socially foraging species (Mo- naghan  1980; Goos-Custard et al. 1984; Bautista  et al.
1995; Milinski  et al. 1995). As was found  in these stud- ies, our distribution of phenotypes was not truncated between   patches,   contrary  to  the  predictions  of  the model. Our data  show, however, that  adult  males search on   the   plain   more   frequently   than   juvenile  females search  in the mountains; this would  fit a   partial  trun- cationss (Milinski et al. 1995). This could be due to many factors, such as imperfect habitat knowledge, unstable resource distribution and intraspecific kleptoparasitism (Sutherland and Parker  1986). In addition, other  factors such as the presence  of dominants (see Houston 1988), the amount of carrion  available,  and the hunger  level of the individual  could influence the probability of landing at a carcass.  In fact it is well known  that  food-stressed individuals cover larger foraging distances and visit suboptimal areas (Village 1982; Bloom et al. 1993, Tella et al., in press). Thus, dominant condors  which have not detected carcasses could visit plain areas, but the reverse (extreme  subordinates visiting  carcasses)  in  the  moun- tains would be less frequent, as we observed.  It is worth emphasizing   that   our   three   fitted   GLM   models   ac- counted  heavily for the    carcassss factor.  This supports the hypothesis  that  the conditions occurring  at carcasses can be highly variable.
There may be an alternative explanation to habitat segregation  by despotic competition. Focusing  their searching  and  scavenging  activities  in  plains,  subordi- nate  condors   could  avoid  eventual  resource  depletion in the mountains. This benefit could  not  be realized  by breeding   adults,   as  their  range  movements   would  be limited by nest site attendance. Thus,  subordinate birds
would   compensate  for   lower   pay-offs   in   mountain areas  by exploiting  a larger  and  consequently more profitable    area.   A   similar   strategy   of   young   non- breeding  subordinate birds  versus  breeding  adults  has been  described   for  other   group-foraging  species  (He- inrich  1988, Donazar et al. 1996; Tella et al., in press). In our  opinion,  however,  our  data  better  fit a scenario of  habitat  segregation   by  despotic   competence,   since non-breeding  juvenile  males  did  not   show  a  similar pattern as juvenile females,  which would  be expected  if segregation   by  constraints linked  to  breeding  area  fi- delity  are  operating.
Foraging strategies  and  sex roles
Habitat segregation  by despotic competence  would in- crease the cost/benefit  relationship for subordinate birds since  they  should  travel  to  more  distant   areas  with  a higher  mortality risk.  A  question  arises  from  this  sce- nario:  how can these asymmetries  be maintained within an evolutionary context? In our opinion,  the advantages obtained  by  foraging   extreme   dominant  birds  (adult males) would  be compensated by higher  costs  in other life history  traits.  Our  results  show that  the fraction  of adult  females among  the scavenging  birds  in mountain areas  close to condor  sites is much  lower in the spring, when  nestlings  are  still  growing,  than  in  the  summer, when fledglings are almost  grown  up (see Palermo  1983 for condor  breeding  seasons).  This suggests that  paren- tal  sex roles  in reproduction can  be very different  and that the burden of nest and chick care must fall on the females, while the male could be responsible  for feeding. A few observations conducted on captive breeding  pairs seem to support this hypothesis  (Klos 1973, 1984). In addition, Andean  condors  are known  to  perform  com- plex courtship behaviours not found in any other species of New or Old World vultures (Gailey and Bolwig 1973), which  seems to  indicate  the  existence  of selective pres- sures  linked  to  sexual  selection  (Hedrick  and  Temeles
1989; Andersson 1994). As a synthesis of this reasoning, it can be hypothesized that asymmetric  advantages in foraging  activities and sexual selection constraints could favour  divergence in body size between the sexes and explain   this   unusual   pattern  of   sexual   dimorphism among  raptors.
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