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ABSTRACT 

Egyptian vultures were observed at 3 kinds of feeding sites 

(randomly-placed sites stocked with 2 chicken carcasses, a 

fixed site stocked daily with 4 chicken carcasses, and a 

fixed site stocked 2x monthly with livestock carcasses) in 

the Negev desert, Israel, during breeding seasons of 1989 

and 1990. Observations at large and small carcasses 

suggested Egyptian vultures were facultative social 

foragers; they invariably foraged in groups at predictable 

food supplies, but large flocks rarely gathered at small 

carcasses. Individuals did not recruit conspecifics to 

carcasses. 

Adults located more randomly-placed, small carcasses 

than other age-classes; at all sites they fed more 

intensively than nonadults and dominated them in aggressive 

encounters. These behaviors reflected the need to obtain 

more food in less time in order to feed and care for young. 

Egyptian vultures feeding at small-carcass sites had 

little competition from other species. Breeding adults made 

food deliveries to nests after feeding themselves. Adults 

fed out of proportion to their numbers because food items 

were small enough to defend effectively. vigilance was 

strongly and consistently related to flock size. 
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At the large-carcass site, griffon vultures and 

mammalian scavengers consumed the most food; Egyptian 

vultures experienced reduced and unpredictable access to 

food relative to small-carcass sites. Breeding adults made 

food deliveries to nests after gaining access to food, 

without feeding themselves first. vigilance was unrelated 

to flock size, probably because other species determined 

access to food and risk of physical harm. Adults were 

unable to feed preferentially because food items were either 

too large (carcasses) or too small and diffuse (scraps, 

insects) to defend. Overall, most interactions of group and 

individual characteristics on individual feeding behavior 

were modified by site characteristics - chiefly perceived 

physical risk (due to unfamiliar surroundings or other 

competitors), food dispersion, and food availability. 

Supplemental feeding, an important tool for supporting 

threatened vulture populations, can benefit particular sizes 

or age-classes of vultures. Large vultures are favored by 

few, large carcasses with limited skinning. Small vultures 

are favored by small carcasses. Small vultures and 

subordinate vultures of all sizes are favored by many, 

easily accessed, well-dispersed food items. 



INTRODUCTION 

This dissertation is presented in the form of three 

complementary papers to be submitted to peer-reviewed 

journals. All will be co-authored with Dr. R. William 

Mannan of the School of Renewable Natural Resources. The 

papers will be submitted, in order of presentation, to 

Condor, Journal of Wildlife Management, and Auk. 

14 



EGYPTIAN VULTURE FORAGING BEHAVIOR AT 
SIMULATED NATURAL CARCASSES 

INTRODUCTION 

15 

Scavengers which feed on small carcasses exploit food items 

offering small quantities of food for short periods of time. 

Individual scavengers can monopolize small carcasses more 

effectively than large carcasses. Thus, group feeding may 

be less effective at small carcasses, and the benefits to 

arriving first at a carcass may increase. 

Among Old World (accipitrid) vultures, Egyptian 

vultures (Neophron percnopterus) are observed more often at 

small- and medium-sized carcasses «150 kg), whereas large 

species generally feed on large carcasses (>150 kg) (Houston 

1980). Most studies of foraging behavior of Old World 

vultures have focused on large vulture species at large 

carcasses (e.g., Houston 1974a) or interactions among 

several species at large carcasses (e.g., Kruuk 1967, 

Houston 1980), perhaps because large carcasses attract more 

birds for longer periods of time and because most Old World 

vulture species are large. Almost no work has dealt solely 

with the foraging behavior of small Old World vultures. 

Houston's (1986, 1988) studies of vultures in 

Neotropical forests demonstrated the potential importance of 

small vultures as scavengers. In an area with three small 

vulture species (turkey, Cathartes aura; black, Coragyps 

........ 
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atratus; lesser yellow-headed, Cathartes burrovianus) and 

one large species (king, Sarcorhamphus ~), vultures 

located approximately 96% of carcasses within 24 hours, and 

consumed more than 80% of the available weight of food 

(Houston 1988). However, scavenging efficiency in this 

setting depended largely 'on the ability of some cathartid 

vultures to smell food and "lead" other species to 

carcasses. Old World vultures do use odor to locate 

carcasses, and they forage primarily in open environments 

rather than in forests (Houston 1985, Ben Moshe and Yom-Tov 

1978). Therefore the role of small Old World vultures as 

scavengers may be very different from that of their New 

World counterparts. 

To investigate the behavior and ecological role of a 

small Old World vulture, I studied a migratory population of 

Egyptian vultures (~~ percnopterus) in the Negev desert 

in Israel. The Negev is one of the most northern areas used 

as summer range by all age classes of Egyptian vultures. In 

Europe, most populations comprise adults and occasional 

younger birds (Cramp 1980). Subadults apparently remain on 

wintering grounds in northern Africa until they are of 

breeding age. Only in spain do younger birds constitute a 

large minority (up to 28%) of the population (Ceballos and 

Donazar 1990), and even there, the population structure 

suggests not all subadults return. The age structure of the 



Negev population is thus more similar to resident African 

populations than to migratory European populations. 

17 

until recently, Egyptian vultures were studied as part 

of multi-species assemblages (Kruuk 1967, Houston 1980, 

KBnig 1983) or for their tool-using behavior of throwing 

rocks at eggs (e.g., Boswall 1977, Brooke 1979, Thouless et 

al. 1988). Breeding and roosting studies, including some 

diet information, have recently been published for 

populations in Spain (Ceballos and Donazar 1990, Donazar and 

Ceballos 1988, 1989, 1990, Donazar et al. 1994), and Levy & 

Mendelssohn (1989) and Levy (1990) provided an overview of 

nesting behavior of Egyptian vultures in the Negev desert, 

including some feeding information from observations at a 

vulture feeding station and from analysis of regurgitated 

pellets. But apart from these studies, no information 

exists on the foraging behavior of Egyptian vultures. 

I examined Egyptian vulture foraging behavior at 

simulated natural carcasses. My objectives were: 1) to 

characterize the behavior of Egyptian vultures at carcasses, 

2) to determine the efficiency of Egyptian vultures as 

scavengers in the Negev, and 3) to examine the effect of 

external factors (e.g., competitors and disturbance) and 

individual characteristics (e.g., age and reproductive 

state) on foraging behavior and efficiency. 
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STUDY AREA AND METHODS 

The Negev desert comprises the southern three-fifths of the 

State of Israel. The central Negev highlands make up 

roughly a quarter of the desert and include the present 

towns and settlements of Yeroham, Dimona, Sde Boker and 

Mitzpe Ramon, and the ruins of the Nabatean city of Avdat. 

The 17x15-km study area was centered on the Zin drainage, a 

canyon complex which included a major roost site and the 

majority of nest sites for Egyptian vultures in the Negev 

(Fig. 1) (Frumkin 1986). 

The Wadi Zin includes a series of deeply incised 

canyons and a broad floodplain. A series of plateaus border 

the Zin, and beyond these are gentle but rocky hills with 

small wadis running between them. Average annual rainfall 

is approximately 50-100 mm and yearly fluctuations in 

rainfall are pronounced. Vegetation is sparse except in the 

bottom of wadis, where xeroriparian vegetation occurs. A 

detailed description of the landforms and vegetation of the 

region is provided in Evenari et al. (1982) and Danin 

(1983) . 

The study area included En Avdat National Park, 

portions of a conservation area in Wadi Zin, and some areas 

which, due to military training exercises, could not be 

entered. Two settled areas, kibbutz Sde Boker and the 

settlement of Sde Boker, including portions of Ben Gurion 
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Figure 1.1 study area in the Negev desert, Israel, showing 
random sites (circles) where chicken carcasses were placed 
to simulate natural carcasses during April-August, 1990. 
Insert shows study area position in Israel. The lower 
diamond marks a site stocked approximately twice monthly 
with livestock carcasses. A major roost site is marked with 
a triangle and chicken barns are marked with an inverted 
triangle. 
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University and the Mitrani Center for Desert Ecology, are 

just north of the main wadi (drainage). A major highway 

runs through the area; but access to areas beyond the park, 

settlement and kibbutz is limited to four-wheel-drive 

tracks. 

Naturally-occurring foods for Egyptian vultures in the 

Negev include vertebrate carcasses, occasional small, live

caught birds, mammals and reptiles, and a wide variety of 

arthropods. Additional food is obtained from road kills, 

garbage dumps near the settlement, kibbutz and park, carcass 

disposal sites for the kibbutz chicken barns and sheep 

herds, and at a feeding station operated for griffon 

vultures (Gyps fulvus). Extensive irrigation and several 

natural springs, provide a ready supply of water. 

During the 1990 study season, I simulated naturally

occurring carcasses by placing 2 chicken carcasses (4-5 kg 

total) at random locations. Two random numbers were used to 

determine the north and east coordinates of a kilometer 

square, and a third random number determined a quadrant 

within the square. I rejected quadrants if they were 

inaccessible or if they were contiguous with previously 

accepted locations. 

I placed carcasses together within the quadrant at a 

location from which they could be readily observed from a 

vehicle or blind. Whenever possible, I placed the carcasses 
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on a contour level with or above the observation point so 

that birds could feed above the blind, where ease of 

departure would mitigate any mistrust of the blind. 

Carcasses were positioned about 20 min before dawn (range=29 

min before - 2 min after). I estimated the portion of the 

carcasses remaining at the beginning and end of each day; 

the continual drying of the carcasses made weights 

ambiguous. 

I observed the carcasses from a vehicle or blind with a 

15-40x spotting scope and binoculars. Observation points 

were 50-100m from the carcasses and the same observation 

point was used for all observations at a given location. I 

determined appropriate observation distance during pilot 

work. 

In cases where carcasses were abandoned before being 

completely consumed, I continued observing the carcasses 

until no Egyptian vultures had visited for at least 6 h. On 

evenings when carcasses had not been completely consumed and 

had not been abandoned, observations continued until 30 min 

after sunset or 30 min after the last vulture departed, 

whichever was later, and resumed at least 30 min before 

sunrise the next morning. When vultures finished consuming 

carcasses early in the morning, I continued observing the 

site until 90 min after the last visit. When carcasses were 



consumed in midday, I continued observations until late 

afternoon. 
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During observations, I scanned the birds present 

(Altmann 1974) every 5 min and recorded the activity 

(feeding, lying, standing/preening) and age class of all 

birds present. Birds with all dark feathers were considered 

juveniles (second year birds, hatched previous year); those 

with a preponderance of dark feathers were classified as 

immatures (mainly third and some fourth year birds); those 

with mostly white feathers but still retaining dark feathers 

other than flight feathers were considered subadults (some 

fourth year, mainly fifth and sixth year birds). Only birds 

with no dark feathers except flight feathers were classified 

as adults (some sixth year birds, mainly seventh year and 

older) (Cramp 1980). 

Facial markings and variations in coloration permitted 

some individuals to be recognized for part or all of the 

study. I classified known individuals as breeding birds if 

I saw them carry food from a site; Egyptian vultures feed 

their young whole, not regurgitated, food. Younger birds 

occasionally carried food, but they did not circle up with 

it or carry it for more than 100 m before landing to consume 

it. I found nest sites of some recognizable adults by 

watching them fly to nest sites with food. 
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Between scans, I observed haphazardly-chosen feeding 

individuals for 60-sec intervals to record time spent 

feeding and number of aggressive encounters. I could not 

devise a rapid, truly random, selection technique for 

picking a single individual from a group with changing size, 

shape and composition. 

I recorded disturbances (e.g., sonic booms; wolves, 

Cani~ lupus negevensis; hikers; etc.) and visits by other 

avian and mammalian scavengers (primarily brown-necked 

ravens, Corvus ruficollis). Some disturbances were 

considered to have precluded Egyptian vulture presence at 

the sites. These disturbances were classified on the basis 

of previous field observations and observations at the time 

of the disturbance; birds did not have to be present 

immediately before the disturbance in order for a 

disturbance to be considered preclusive. I also noted the 

amount of food available at the nearby vulture feeding 

station when it was stocked. 

The possibility existed that Egyptian vultures would 

learn to associate the vehicle used for observation with 

food. Several lines of evidence suggest this was not the 

case. The same vehicle was used for other research, and was 

used to examine candidate sites before they were used for 

the study. During these times, Egyptian vultures did not 

track the vehicle. Nor was there any indication that birds 
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arrived faster as the study progressed (rs=0.0579, n=20, 

p=0.8084). Dead chickens were commonly available food in 

the Sde Boker area, and the baits I used were displayed 

fairly obviously. There is no reason to think that the 

vehicle, rather than the chickens, was attracting vultures. 

Analysis 

The SAS statistical package was used for all analyses except 

Poisson regressions and some logistic regressions for which 

I used the STATA-PC statistical package. The chi-square 

values reported for logistic regressions are the estimates 

produced by subtracting -2logL for the model with covariates 

from the same calculation for the model with no covariates 

(Agresti 1990). 

I estimated total time food was available at each site, 

by summing the time food was available on each day I 

observed the site. I used sunrise of day 1 as the starting 

time for day 1 and time of the last feeding observation as 

the end time for the last day, even if carcasses were 

abandoned (abandoned material generally comprised feathers 

and bones). I used 30 min after sunset as the endpoint for 

any day on which food remained and 30 min before sunrise as 

the starting point for days after day 1. 

Analyses involving known breeding birds were restricted 

to those bird-site combinations occurring after the bird was 

readily identifiable. I did not assume a known bird was 
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absent from a site that was visited by large flocks, even if 

I did not see it, because a short visit might have gone 

unnoticed. 

Data from 1-min focal observations were used for 

aggression and nonfeeding behavior calculations. 

Observations were subsampled so that no bird represented as 

much as 15% of its age class and no site represented as much 

as 15% of the overall data set. Observations within 5 min 

of a disturbance were discarded. 
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RESULTS 

Twenty-two random sites were observed during 15 Ap-2 Aug 

1990. I abandoned 1 site due to inadvertent disturbance by 

Bedouin herders; data from this site prior to the 

disturbance are included. I observed the remaining 21 sites 

a median of 26.7 h each (range=6.7-41.1 h). 

Timing of Discovery 

All but 2 sites were discovered and visited by Egyptian 

vultures (Table 1.1). One of the undiscovered sites was the 

first of the study. No birds flew near or landed at this 

site during 2 days of observation. At the other 

undiscovered site, no birds flew near or landed on the first 

day (substantial food was available at the nearby vulture 

feeding station) and mammalian scavengers removed both 

chicken carcasses during the night. 

Thirteen of 20 sites were first visited by Egyptian 

vultures before midmorning (1000 h), usually (17 of 20 

sites, with a close overflight at an additional site) on the 

first day of observation (Table 1.1). sitez visited on the 

first day were visited a median of 3.33 h after sunrise and 

only once before sunrise (range= -0.28 - 11.68 h, n=17). 

sites visited first on the second day were visited a median 

of 1.2 h after sunrise (range= -0.17 - 7.25 h, n=3); the 

difference was not significant (Z=-0.8468, p=0.3971). 

Adults were the first to arrive at 14 sites (not always 



Table 1.1. Site histories for 22 randomly-placed feeding sites for Egyptian vultures in the Negev 
desert, Israel. Each was stocked once with 2 chicken carcasses during April-August, 1990. Maxima of 
birds present and birds feeding are from scans at 5-min intervals. 

Maximum birds Total Chickens 
Day and time present/feeding removed by 

Start EV-min EV-min Raptor-min mammalian 
date Fate 1st visit Last visit Day 1 Day2 Day3 present feeding feeding+ scavengers** 

4/15 n* not visited 0/0 0/0 0.0 
4/28 f 1 0927 3 0643 2/2 5/3 1/1 650 350 200 0.2 
4/30 a 2 0904 3 1029 0/0 1/1 1/1 140 135 90 0.3 
5/09 f 1 0618 2 0824 4/4 2/2 530 310 5 0.3 
5/12 f 1 1734 3 0641 1/1 2/2 1/1 170 125 0 1.0 
5/15 i 1 0916 interrupted 
5/30 f 1 0758 2 1652 2/1 2/2 390 305 230 0.0 
6/04 f 1 0813 2 0837 2/0 2/1 60 15 0 1.9 
6/06 a 1 1037 3 0539 1/1 2/2 2/2 430 155 0 1.2 
6/12 f 1 1013 2 0835 5/0 21/4 1980 90 0 1.2 
6/15 a 1 0828 3 1020 6/2 10/4 6/3 2265 930 0 0.0 
6/18 f 1 0525 1 0822 25/6 1540 210 0 1.5 
6/23 a 1 1144 3 0815 2/1 1/1 2/2 470 205 155 1.7 
6/26 f 1 1054 2 0628 4/4 2/0 400 205 0 0.9 
6/29 f 1 0720 3 1014 3/1 7/2 12/6 2665 575 0 1.0 
7/05 f 1 1432 3 1716 4/2 4/1 17/11 2620 990 25 0.0 
7/11 n not visited 0/0 2.0 
7/13 f 1 1421 2 0559 2/0 1/0 60 no feeding 2.0 
7/15 f 1 0735 1 1625 20/7 2645 295 0 0.0 
7/18 f 2 0705 2 1155 0/0 17/10 1560 695 0 0.0 
7/29 f 1 0602 1 1748 13/8 2935 765 0 0.0 
7/31 f 2 0552 3 0631 0/0 2/2 2/1 400 225 0 0.0 

TOTAL 21910 6580 705 15.2 

* n=not visited f=food finished a=abandoned before food gone i=interrupted. 
+ raptors other than Egyptian vultures. 
** of two chickens placed at site. 

N 
en 
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singly), subadults andimmatures were first at 1 site each, 

juveniles arrived first at 3 sites, and 2 adults and an 

immature arrived together at 1 site (Table 1.2). Of the 18 

adults that arrived first, 10 (including all first arrivals 

at 8 sites) were known to be breeding adults. At 4 sites, 

all birds attending were breeding adults. 

Using data from observations at the vulture feeding 

station and from counts at the roost, I estimated that 

adults constituted one-quarter to one-third of the Egyptian 

vultures at Sde Boker. If first arrivals occurred randomly 

among age classes, at most one-third of the 24 birds 

arriving first at carcasses should have been adults 

(X 2 =18.75, df=l, p<O.OOOl). 

Birds were present for more than 1 day at 15 sites, 

providing 23 instances when birds feeding at a site on a 

given day might "lead" others to the site on the following 

day. On only 1 day (start date 6/15, day 2) did arrival 

timing suggest that new birds arrived in the morning by 

following birds familiar with the site. Even in this case, 

it was unclear whether the new birds followed from the roost 

or were attracted to the knowledgeable bird while it flew to 

the site. At 6 sites (8 possible return days), the total 

number of birds visiting the site over the time it contained 

food was ~ 4 (Table 1.1). 
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Table 1.2. Age of first Egyptian vulture to arrive, and first Egyptian 
vulture to feed, at chicken carcasses placed at random locations in the 
Negev desert, Israel, April-August, 1990. 

Age of Age of Same Did first 
Start date first arrival first to feed bird? bird feed? 

4/15 not visited 
4/26 adult adult yes yes 
4/30 adult adult yes yes 
5/09 breeding adult breeding adult yes yes 
5/12 breeding adult breeding adult yes yes 
5/15 immature immature yes yes 
5/30 breeding adult breeding adult yes yes 
6/04 2 adults and breeding adult no 1 adult 

immature fed 
6/06 breeding adult breeding adult yes yes 
6/12 adult immature no unclear 
6/15 subadult subadult yes yes 
6/18 juvenile juvenile unclear yes 
6/23 adult juvenile no l no 
6/26 juvenile juvenile yes yes 
6/29 adult juvenile no yes 
7/05 juvenile juvenile yes 
7/11 not visited 
7/13 2 breeding adults no feeding no 
7/15 breeding adult br ad and juv adult one of two 
7/18 breeding adult breeding adult yes yes 
7/29 2 breeding adults adult no neither 
7/31 breeding adult breeding adult its mate yes 

IAdult arrived only 1 min before juvenile who was first to feed. 
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Time until first arrival of an Egyptian vulture at 

random sites was unrelated to distance from site to major 

roads (rs=-0.00376, n=20, p=0.9874) or distance to the 

corridor between the major roost and the chicken barns (Fig. 

1) (rs=0.2925, n=20, p=0.1999). The presence of food at the 

main feeding station (coded as 0 if none, 1 if scraps 

totalling <5 kg were present, 2 if >5 kg of food present) 

was correlated to time to first arrival, but not 

significantly so (rs=0.3959, n=20, p=0.0840)i food was 

present at the feeding station during observations at only 3 

random sites. 

Searching by recognizable breeding adults 

For 7 breeding adults which could be identified and whose 

nest sites were known, I used logistic regression to examine 

the effects of several distance and food availability 

variables and maximum flock size, on the probability that a 

given bird visited a site on the first day or fed at a site 

at all. Ninety-eight bird-site combinations were used, with 

11-19 sites used per bird. Median distance from nest to 

site was 2.50 km for sites visited on day 1 (range=0.3-6.3 

km) and 6.0 km for sites not visited on day 1 (range=O.l-

12.4 km); distance from nest to site was negatively related 

to the probability that a bird visited the site on the first 

day {X 2 =25.195, p=O.OOOli df=l throughout; all p-values in 

this section must be considered optimistic as they are based 
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on the assumption that bird-site combinations are 

independent). The distance from a site to the major flight 

corridor was also negatively related to probability of 

attendance on the first day (X2=6.622, p=0.0101). Distance 

from site to road, total time food was available, and 

presence of food at the vulture feeding station were all 

unrelated to probability of attendance on the first day 

(X2=1.613, p=0.2041; X2=2.394, p=0.1218; X2=0.172, p=0.6786, 

respectively). 

Number of Birds Present 

sites discovered by Egyptian vultures were visited by 1-45+ 

birds (exact totals could not be determined because birds 

were unmarked). The maximum number of birds present at once 

ranged from 0 to 25 (median (M) among attended sites =4.5; 

Table 1.1); most observations were of 1 or 2 birds (Fig. 

1.2). Maximum flock size was related to distance from the 

site to the roost-kibbutz movement corridor (r.=-0.5650, 

n=21 completed sites, p=0.0076) and to amount of food at the 

main feeding station (r.=-0.5022, n=21, p=0.0204) , but not 

to distance from a major road (r.=0.1719, n=21, p=0.4562). 

Feeding behavior 

Egyptian vultures fed at 19 of the 20 sites visited (Table 

1.1). In 1 case, feeding occurred the day following first 

arrival. In the remaining cases, the first feeding attempts 
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(any peck at a carcass) occurred a median of 0.1 h after the 

first arrival (range: 0-5.6 h). At the 18 sites in extended 

feeding, (5 min of feeding in the first 15 min at the 

carcass) occurred on the same day as the first arrival, 

extended feeding began a median of 0.1 h after the first 

arrival (range: 0-5.6 h). Numbers of feeding birds tended 

to peak in early morning (Fig. 1.3), but there was 

considerable variability among sites, due in part to 

differences in time of discovery of the site and in time to 

complete consumption of food. 

Adults accounted for a median of 62% of Egyptian 

vulture bird-min at the sites (n=19, range:25-100). sites 

with larger maximum flock sizes had lower proportions of 

adult bird-min (r.=-0.72, n=19, p=0.0005). 

Egyptian vultures spent a median of 42.3% of time at a 

site feeding (total feeding-min/total bird-min; n=18 sites, 

range=4.5-96.4%). When more birds were present (maximum 

flock size), a lower proportion of bird-min were spent 

feeding (r.=-0.738, n=18, p=0.0005). Total time food was 

available was unrelated to proportion of time spent feeding 

(r.=0.265, n=18, p=O.2888). 

Nonfeeding behaviors 

Birds often did not begin to feed immediately upon arrival 

at a site. A median of 8.1% of the total bird-min spent at 

a site occurred before 5% of the feeding-min had occurred 
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(range 2.1-78.7%, n=18 sites at which feeding occurred; at 1 

site no feeding occurred so 100% of bird-min occurred before 

feeding). However, birds did not remain long after food was 

gone; a median of 0% of bird-min (range=0-25%) occurred 

after the last feeding attempt. Most nonfeeding behavior 

(90.7%) occurred between the first and last feeding 

attempts. 

When birds were not feeding, they were most often 

standing near the carcasses, but they also preened, sunned, 

or lay down, and pairs allopreened. Data from the once

every-5-min scans suggest that adults had the lowest 

proportion of nonfeeding bird-min during the period between 

first and last feeding attempts (M=44%, number of sites at 

which adults were present between first and last feeding 

attempts=18, range=0.04-0.84%), followed by juveniles and 

immatures (grouped) (M=54%, n=12, range=O.31-0.85%) and 

subadults (M=75%, n=10, range=O.31-0.88%) (Kruskal-Wallis; 

X2=7.0685, df=2, p=O.0292). One-minute observations of 

birds feeding at the beginning of the minute showed that, on 

this finer scale, the amount of time spent in nonfeeding 

behaviors (vigilance, aggression, etc.) also varied with age 

(Kruskal-Wallis; X2=7.049, df=2, p=O.0295). Adults spent 

the least amount of time in nonfeeding behaviors (M=l sec, 

range=1-57 sec); subadults (M=5.5 sec, range=1-56 sec) and 
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juveniles and immatures (grouped) (M=5 sec, range=1-52 sec) 

spent more time in nonfeeding behaviors . 

Aggression 

Egyptian vultures engaged in a variety of aggressive 

behaviors when feeding and when standing away from carcasses 

at the feeding sites. While these were not tallied 

separately, their comparative frequency was obvious. 

Displacements, during which 1 bird moved away from the 

approach of another, were the mildest form of aggression 

scored, and almost always occurred away from carcasses. 

Bill strikes were the most common aggressive behavior at 

carcasses, and the aggressor usually did not actually touch 

the aggressee. Aggressive behavior involving prolonged 

contact (e.g., the dominant bird knocking the subordinate to 

its back, standing on it and repeatedly pecking it) were 

extremely rare. Data on individual distances were not 

gathered, but individual distances less than 30 cm were 

uncommon, and often preceded aggressive behavior. 

In encounters between unequal-aged birds, older 

individuals tended to win if food was not involved (by 

displacing younger birds), or when food changed "ownership" 

(Table 1.3). But age did not affect the likelihood that an 

individual successfully defended food or shared access to 

food as a result of an encounter. 
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Table 1.3. Numbers of aggressive encounters between 
Egyptian vultures, by ages of interacting birds and context 
of encounter. Aggressive interactions occurred during 1-min 
focal and ad lib observations at randomly-placed chicken 
carcasses in the Negev desert, Israel, April-August, 1990. 
significances of unequal-age outcomes are given in 
footnotes. 

Context 

Age No food Food 
Difference both 

Winner younger 13" 47 b 

Same age 78 40 

Winner older 56" 31b 

Total 147 118 

" X2= 26.8, df=l, p<O.OOl 
b X2= 3.3, df=l, 0.05<p<0.10 
c X2= 81.3, df=l, p<O.OOl 

kept 
feed 

or Gains Total 
food 

22 c 82 

96 214 

133c 220 

251 516 
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Feeding efficiency 

I placed a total of 42 chickens at sites where observations 

were not interrupted. Of these, 2.6 chickens (6%) were not 

eaten during the observation periods. Scraps totalling 0.1-

0.3 chickens remained at 4 sites (generally bones or wing 

fragments) and 1 had 2 chickens remaining. Egyptian 

vultures accounted for 90% of the bird-min spent feeding, or 

roughly half of the total food eaten; other scavengers ate 

the rest (Table 1.1). Number of Egyptian vulture feeding

minutes was positively correlated (r.=0.749, n=18, p=0.0003) 

with the amount of food available (i.e., not eaten by other 

scavengers) . 

Other Scavengers 

Whole chickens and chicken scraps equal to 11.7 chickens 

(28% of the 42 placed at completed sites) were scavenged at 

night, presumably by mammals. Scavenging occurred on 14 of 

26 nights during which food was available and accounted for 

75% (median) of food remaining on a given night (range=5-

100%). An additional 3.5 chickens (8%) were taken by 

scavengers during the day (1 by a hyena (Hyaena hyaena), 2.5 

by Negev wolves). Two chickens at the first site were not 

consumed during the observation period. 

scavenging birds including Egyptian vultures consumed 

the remaining 24.8 (59%) chickens provided. Raptor species 
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other than Egyptian vultures were present at 13 sites and 

fed at 7 sites (Table 1.4). Brown-necked ravens visited 10 

sites, preceding Egyptian vultures at 5 of them by a median 

of 2.7 h (range= 0.5-3.5 h). I observed 1 simultaneous 

arrival of an Egyptian vulture with a raven (a possible 

return by the raven, a first arrival by the Egyptian 

vulture), 3 cases in which ravens may have followed Egyptian 

vultures or observed them on the ground, and 2 cases in 

which Egyptian vultures may have followed ravens or observed 

them on the ground. Ravens made the first feeding attempt 

at 4 sites, but they were never the first to feed for an 

extended period. Their visits, even when returning to a 

site, were generally < 15 min. 

Common buzzards (Buteo buteo) landed at 3 sites and fed 

at 1 (Table 1.4), but never preceded Egyptian vultures. A 

black kite (Milvus migrans) was the first bird to feed for 

an extended period (but not the first to attempt feeding) at 

1 site. A marsh harrier (Circus aeruginosus) landed and ate 

a day before Egyptian vultures discovered another site. 

Griffon vultures visited only 2 sites and never approached 

carcasses closer than approximately 10 m. 

Smaller scavenging birds (ravens, buzzards, kites and 

harriers) visited carcasses when there were few Egyptian 

vultures present (M=O, range 0-16, n=232 scans from 12 
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Table 1.4. Time spent by scavenging bird species at 19 random feeding 
sites in the Negev desert, Israel, April-August, 1990. Figures are 
based on sites at which the species was present. 

# # Mdn bird- Mdn bird- Total Total 
sites sites min pres min feed minutes minutes 

Species visited fed (range) (range) present feed 

Egyptian 19 18 530 260 21910 6580 
vulture (0-2935) (0-990) 

Brown-necked 10 6 50 90 1755 573 
raven (5-580) (0-200) 

Common buzzard 3 1 5 0 125 90 
(5-115 ) (0-90) 

Black kite 3 2 30 15 100 45 
(30-40) (0-30) 

European 2 0 85 0 170 0 
griffon (30-140) na 
vulture 
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sites), and when few of those were feeding (M=O, range=0-5). 

Buzzards, harriers and kites visited as single birds; ravens 

often visited in groups (M=l, range=1-6, n=173 scans from 10 

sites). Griffon vultures (the major large avian scavengers) 

also visited when Egyptian vulture flock sizes were fairly 

small (median=6, range=3-11, n=32 scans from 2 sites) and 

when few Egyptian vultures were feeding (median=2, range=O-

7, n=32). 

Disturbances and food availability 

All disturbances which precluded Egyptian vulture presence 

were human-caused, and included a helicopter landing, road 

work near sites, visits by people driving through the area 

who stopped at the blind, Bedouin herders and their 

livestock crossing the area, and 2 short instances «5 min) 

of investigator-caused disturbance. Egyptian vultures 

present during such disturbances left the area; during 

long disturbances, birds occasionally returned to circle the 

area repeatedly, but did not land for more than a few 

seconds. 

Disturbances which did not preclude vulture presence 

included sonic booms, visits by wolves and hyenas, 

overflights by eagles and griffon vultures, brown-necked 

raven alarm calls, and vehicles which did not approach the 

site directly. Native ungulates (ibex, Capra ibex nubiana. 

and gazelle, Gazella gazella) and raptors on the ground were 



43 

not considered disturbances, the former eliciting no 

response and the latter being a point of interest of the 

study. Egyptian vultures often responded to sonic booms by 

flying a short distance, circling back and landing, but many 

birds made flight-intention movements without taking off, or 

simply looked up. Birds stopped feeding during visits by 

wolves and hyenas, but seldom left the site. In one 

instance when a wolf carried off a carcasses, all attendant 

birds followed it as it left. Responses to overflights by 

larger raptors, raven alarm calls and vehicles that did not 

approach closely were similar to responses to sonic booms -

some birds flew up briefly, some startled and some simply 

looked up. Median time involving disturbances was 2 min 

(range=O-356 min) and median total time of disturbances 

precluding Egyptian vultures was 0 min (range=O-33 min) 

(Table 1.5). 

Total time food was available at each site varied with 

the number of birds feeding and the amount of food taken by 

other scavengers (Tables 1.1 and 1.4). Median time food was 

present was 1544 min (range=150-2056 min); median time food 

was available (total time minus preclusive disturbances) was 

1541 min (range=150-2048 min) (Table 1.5). 
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Table 1. 5. Effects of disturbances on time food was available to 
Egyptian vultures at 21 randomly-placed feeding sites in the Negev 
desert, Israel, April-August, 1990. 

Min of dist Total time Net 
Total precluding to food time 

start min Egyptian gone or food Types of 
date of dist vultures abandoned avlbl disturbance 

4/15 33 33 1574 1541 human 
4/26 1 0 1655 1655 steppe eagle overhead 
4/30 3 2 1930 1928 raven call, helicopter 
5/09 0 0 985 985 
5/12 20 20 1755 1735 goat herd, human 
5/30 168 153 1141 973 human 
6/04 356 356 1041 685 human 
6/06 3 0 1751 1751 sonic boom, human 
6/12 2 0 997 997 sonic boom 
6/15 5 5 1989 1984 human 
6/18 2 0 150 150 Negev wolves 
6/23 7 4 1896 1892 wolf, human 
6/26 2 2 844 842 human 
6/29 5 0 2013 2013 sonic boom, hyena 
7/05 9 8 2056 2048 human 
7/11 1 0 830 830 sonic boom 
7/13 0 0 828 828 
7/15 18 0 339 339 griffon vulture overhead 
7/18 0 0 1209 1209 
7/29 1 0 1544 1544 raven call 
7/31 0 0 1700 1700 

median 2 0 1544 1541 
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DISCUSSION 

Efficiency in locating carcasses 

Egyptian vultures located 91% of feeding sites within 

1.25 days, 82% during the first day, and 9% the next 

morning. At 1 of 2 sites unvisited by Egyptian vultures, 

mammalian scavengers removed the chickens overnight; nothing 

remained to be discovered the following morning. Only one 

site was undiscovered after 48 hours. This rate of 

discovery is of the same order as rates of discovery of 

small carcasses reported for other vultures. 

comparisons with other avian scavengers. Studies of 

New World vultures showed that turkey vultures usually 

locate most carcasses (Houston 1986, 1988, Wallace and 

Temple 1987, Lemon 1991), and find 80+% of carcasses on the 

first day they are available (Houston 1986, 1988, Lemon 

1991). In forested areas (Houston 1986, Lemon 1991), turkey 

vultures detect carcasses by their odor; most other 

cathartids do not have a sense of smell. However, even in 

open areas, turkey vultures generally preceded other species 

to carcasses, including black vultures which have similar 

feeding morphology (Stewart 1978, Wallace and Temple 1987, 

Houston 1988, Lemon 1991). Black vultures travel in larger 

flocks than turkey vultures, and, when numericallY superior, 

can out compete turkey vultures at carcasses (Wallace and 

Temple 1987, Houston 1988). They seem to monopolize regular 



46 

food supplies (e.g., carcasses put out at chicken farms) and 

large carcasses, and follow turkey vultures to small 

carcasses (stewart 1978). 

Turkey vultures also will follow other scavengers. 

Crows preceded turkey vultures to 39% of 35 baits in open 

sites in ontario, Canada. Turkey vultures arrived earlier 

at sites that had already been found by crows than at sites 

they discovered themselves (Prior and Weatherhead 1991a), 

suggesting they were using the crows to find food. 

Egyptian vultures do not have a sense of smell (Ben

Moshe and Yom-Tov 1978), and no other vultures in the Negev 

feed regularly on carcasses as small as chickens. Brown

necked ravens are the only other resident avian scavengers 

likely to feed on chickens. They were far less numerous 

than Egyptian vultures during the study period, and Egyptian 

vultures found 3 times more feeding sites than did ravens 

during the study. Cases of one species potentially leading 

the other to feeding sites were infrequent, and nearly 

evenly divided between ravens following vultures and 

vultures following ravens. 

Egyptian vultures foraged largely without either the 

benefit or the cost of co-occurring avian scavengers and 

were efficiently located small carcasses in the open desert 

habitats of the Negev. In this, they were most similar to 

turkey vultures, which search singly or in small groups for 



small carcasses (Coleman and Fraser 1987). Egyptian 

vultures in East Africa are sympatric with hooded vultures 

(Necrosyrtes monachus), as turkey vultures are partially 

sympatric with black vultures. However, their habitat 

preferences are different. Egyptian vultures favor open, 

rocky, often dry areas where they nest in cliffs; hooded 

vultures nest in trees and use brushy or savannah areas. 

The two species are more often considered to be ecological 

equivalents than competitors (Voous 1960 in Kruuk 1967, 

Kruuk 1967, Houston 1975). 
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Egyptian vultures found the majority of small carcasses 

during my study, but large carcasses in the Negev may be 

found at least as often by griffon vultures as by Egyptian 

vultures. In a study on the open plains of East Africa, the 

most common griffon vulture (Qy£§ africanus, the African 

white-backed vulture) arrived first at 5 of 20 carcasses, 

whereas Egyptian vultures arrived first only once (Kruuk 

1967). White-headed vultures (Trigonoceps occipitalis) 

arrived first at 10 carcasses, but there are no ecological 

equivalents to this species in the Negev; the Negev lappet

faced vulture (Torgos tracheliotus negevensis) is 

essentially extinct. 

Factors affecting searching efficiency. Many Egyptian 

vultures apparently went first to areas where food was 

regularly available (e.g., the kibbutz chicken barns and 
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dump), and only afterwards began searching elsewhere. On 

mornings when I collected chickens from the barns, there 

were frequently Egyptian vultures flying near or perched at 

the barns. Other researchers reported seeing flocks of up 

to 30 birds near the barns early in the morning. During 

another part of this study (Chpt. 2), Egyptian vultures 

arrived before dawn at a site where food was stocked daily. 

All experimental carcass sites were within 10 km of the 

main roost and most nest sites. Egyptian vultures commonly 

forage up to 20 km from the nest (Carlon 1989), and may 

travel more than 50 km (Cramp 1980, Carlon 1989) on 

occasion. The short distance of random sites from roosts 

and nests suggests sites would have been overflown and 

discovered much earlier if widespread searching had started 

at daybreak. The earliest discovery was at 0525 but 

generally sites discovered on the first day were found after 

0700 h (14 of 17), when birds had already been foraging for 

at least an hour. Two of 3 sites found before 0700 h were 

on or nearly on the flight corridor, and 1 site was directly 

at roadside. 

If food is available regularly at a site, birds 

foraging there can meet at least some of their daily energy 

needs without expending energy by searching. Although more 

birds might be present, a known site should generally be 

preferred as long as the energy obtained is at least as 



great as the expected net energy obtained in the same time 

by searching elsewhere (Charnov 1976). 
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Birds visiting known sites might or might not find 

food, and the amount of time spent checking the area and 

feeding would affect variance in arrival times at later 

feeding sites, and reduce the correlation between distance 

from corridor and arrival, as observed during this study. 

Clearly, not all birds fed to satiation at known sites, but 

searched for food elsewhere, thus while distance from 

experimental sites to flight corridor did not predict 

arrival time, it did predict the probability of a site being 

found, and the maximum number of birds that would attend. 

Only 3 experimental sites (start dates 6/12, 7/05, 

7/18) were active on days when the griffon vulture feeding 

station was stocked, and the station's effect on time to 

first arrival was not quite significant (p=0.0840). 

Nevertheless, I believe a larger sample size would confirm a 

delaying effect. One site of the 3 was not visited on the 

first day, and the other 2 attracted larger flocks on the 

second or third days, when food at the station was depleted. 

The feeding station was a larger and more attractive food 

source than the chicken barns. If, as seems likely, the 

chicken barns attracted Egyptian vultures sufficiently to 

delay discovery of other nearby food sources, it is 

reasonable that the feeding station, which often had far 



more food, and was also a known site, would cause a more 

sUbstantial delay. 
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Environmental factors had an effect on when and whether 

Egyptian vultures located carcasses, but age and breeding 

status were the major determinants of which birds would do 

the locating. Adults known to be breeding (approximately 

20% of the population) found almost half the sites (9 of 20, 

Table Y) and adults of all breeding statuses (at most 33% of 

the population) found three-quarters of them. There are no 

comparable data for other vulture species to indicate 

whether, for example, discovery is more evenly distributed 

among age classes in situations without regular, fixed, 

feeding sites. 

possible information exchange at the roost. Communal 

roosts, such as the one commonly used by Egyptian vultures 

during this study, have been considered information centers 

by some researchers (e.g., Ward and Zahavi 1973, Rabenold 

1987a, Heinrich 1988b, Marzluff and Heinrich 1991). Among 

black vultures, birds departing from the roost early were 

generally those returning to food they located the previous 

day (Rabenold 1987a). By following early departees, other 

black vultures minimized their searching time. vagrant 

common ravens (Corvus corax) may actively recruit foraging 

companions at such roosts (Heinrich 1988b); large (9+) 

groups of vagrants were invariably able to overcome 



territory defence by adult ravens (Marzluff and Heinrich 

1991). Turkey vultures in,ontario showed only occasional 

food information transfer at roosts (Prior and Weatherhead 

1991a, b). 
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Egyptian vultures transferred feeding site information 

at roosts rarely if at all. Rather, independent discovery, 

and attraction to conspecifics or ravens on the ground or in 

the air (away from the roost) were the principal means by 

which birds located the feeding sites (Mock et al. 1988). 

Dominant Egyptian vultures could defend carcasses as turkey 

vulture do (Prior and Weatherhead 1991a, b), but contests 

for food usually resulted in the carcasses being torn apart, 

permitting more birds to feed on individual pieces, as 

occurs in black vultures (Rabenold 1983). Flock sizes were 

generally small, as occurs with turkey vultures, but larger 

groups such as occur with black vultures did form. However, 

at small carcasses, large flocks of Egyptian vultures 

generally consumed all the food on the first day, 

eliminating the possibility of information transfer at the 

roost. Larger carcasses might offer both a better 

opportunity to detect information transfer by providing 

conditions under which information transfer would be most 

advantageous. 

At sites where breeding birds were among the early 

arrivals there was reduced opportunity for information 
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transfer because breeding birds, especially females often 

roost near their nests, rather than at communal roosts 

(Carlon 1989). Nonadult birds may choose to roost near 

known food when possible (e.g., when the griffon vulture 

feeding station was stocked, Egyptian vultures often roosted 

on nearby telephone poles), further reducing the number of 

sources for food information in the main roost. But more 

importantly, the apparent tendency of many birds to visit 

known sites first before searching elsewhere, and the 

extreme openness of the study area, which permitted vultures 

to see each other circling from great distances, may have 

lessened the need for close following from the roost. 

Efficiency in consuming carcasses 

Egyptian vultures consumed approximately half the food 

supplied. Avian scavengers as a group consumed about 60%. 

In contrast, turkey vultures foraging in tropical forest in 

Venezuela consumed 87% of chicken carcasses and 85% of 

mammal carcasses - thicker skins of mammals reduced vulture 

feeding efficiency (Houston 1988). In a similar study in 

PanamA, vultures (primarily turkey vultures, but also black 

vultures) consumed about 90% of chickens placed in tropical 

forest, and about 95% of edible material (large bones were 

often uneaten) (Houston 1986). Differences in the 

proportions of food eaten by vultures in Neotropical forest 



and in the Negev are attributable to differences in the 

efficiency of mammalian scavengers in the 2 areas. 
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In tropical forests, mammalian scavengers are 

restricted in their travels by dense growth. Air beneath 

the canopy is fairly still, so scent may not spread rapidly. 

Also, scavengers moving on the ground cannot see the sky to 

track vultures during the day. Under these conditions, the 

ability of turkey vultures to cover long distances easily, 

and to track windborne scent, provides a clear advantage 

over landbound mammals (Houston 1986). 

In the Negev, mammalian scavengers readily travel 

distances of several kilometers. Most live in the canyons 

of the lower levels of the study area and emerge onto the 

plateaus to hunt and scavenge near the settlement and 

kibbutz, and along the road. scent is not confined, and 

placing carcasses in open settings and on the upper halves 

of slopes (see Methods) may have improved scent dispersion. 

One scavenging species (hyena) is an obligate scavenger, 

while the scavenging species in the tropics are facultative 

carrion eaters. Finally, mammalian scavengers in this study 

took almost 25% of their carcasses during the day, probably 

by tracking arriving Egyptian vultures. In short, the 

openness of the Negev that allows Egyptian vultures to 

forage successfully during the day by vision alone also 



allows mammalian scavengers to forage successfully by day 

and by night. 

Behavior at experimental sites 
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Egyptian vultures generally did not feed immediately after 

landing at carcasses. This initial waiting has been 

observed in other avian scavengers (Terrasse and Terrasse 

1974, Heinrich 1988a, Mundy 1982) and seems to permit birds 

to confirm that the animal is dead (rather than sleeping) 

and that no mammalian scavengers are nearby. 

Age differences. Once feeding commenced, only adults 

were able to spend at least 50% of the time feeding. When 

feeding, adults spent less time in short-term nonfeeding 

behaviors, partly because adults were most likely to 

displace younger birds from food and so were less often 

interrupted while feeding. 

Age-related differences in feeding behavior have been 

shown for several bird species (briefly reviewed in Rabenold 

1987b). Increased foraging experience provides the basis 

for the difference, and, among breeding birds, increased 

energetic costs provide additional motivation. Among 

vultures, adults generally win aggressive encounters with 

younger birds. Wallace and Temple (1987) reported adult 

dominance at carcasses among turkey vultures, black 

vultures, king vultures and Andean condors (Vultur gryphus). 

Older African white-backed vultures won most encounters with 



younger birds and were assumed to forage more efficiently 

(Houston 1976). Black vulture adults were also dominant 

over other age classes in aggression at roosts (Rabenold 

1987b). 

Plasticity in group foraging 
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Individual Egyptian vultures often fed alone at random 

sites. They did not search in groups, nor did they overtly 

seek to attract conspecifics to food as some species do 

(e.g., Elgar 1986, Heinrich 1988b, Heinrich and Marzluff 

1991). This suggests that group foraging among Egyptian 

vultures was largely a result of "scroungers" (Giraldeau et 

al. 1990) happening upon feeding conspecifics or seeing them 

spiral down to or up from carcasses. Small carcasses were 

often consumed before more than a few individuals found 

them; large carcasses would probably attract larger flocks, 

as well as other scavenging species. 

Among other Old World vultures, the griffon vultures 

specialize on large carcasses and almost invariably feed in 

large groups (Houston 1974a,b). Because even large 

carcasses are an ephemeral resource where large mammalian 

scavengers occur, griffon vultures may incur little 

individual loss by sharing food they cannot completely 

consume in one visit. Lappet-faced and white-headed 

vultures feed on large and small carcasses, but usually are 

present in very low numbers (Pennycuick 1976, Konig 1983). 
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These species are somewhat territorial, and their numbers at 

carcasses reflect their sparser, more uniform distribution. 

Relative to these birds, Egyptian vultures are behaviorally 

plastic, feeding on the full range of carcasses sizes, and 

singly or in groups depending on the nature of the food 

supply. 

Relations with other scavenging species. 

Black kites, marsh hawks and common buzzards do not 

breed in the Negev, but all 3 species migrate through 

Israel. The timing and rarity of the visits by these 

species indicated all those that visited the study sites 

were migrants. They were met with limited aggression by 

Egyptian vultures and ate very little food. Brown-necked 

ravens were resident; they were generally but not invariably 

submissive to Egyptian vultures and ate little food. 

Griffon vultures visited only 2 sites, never fed, and 

did not circle overhead. The much rarer Negev lappet-faced 

vultures (Torgos tracheliotus negevensis) only rarely 

visited the area (Meretsky in prep.), was only ever observed 

to feed at the vulture feeding station. Griffon vultures 

were common, but as a group they are adapted for feeding on 

soft tissue from large carcasses and are rarely observed to 

feed from smaller carcasses (Houston 1974b, 1980, Mundy et 

ale 1992). 
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Wolves and hyenas attracted Egyptian vultures to within 

about 10 m when they came to feeding sites. The wolf that 

took a chicken from one site left accompanied by many 

Egyptian vultures. The hyena that fed at another site 

attracted several birds, which approached to feed as soon as 

the animal left. Egyptian vultures had done almost no 

feeding at the carcasses during the 2 previous days. 

While large mammals were major competitors with 

Egyptian vultures, they were also sloppy and sometimes 

finicky eaters; Egyptian vultures clearly recognize them as 

potential sources of scraps, as vultures throughout Africa 

have recognized local mammalian scavengers (Kruuk 1967, 

Konig 1983, Mundy 1982). At the same time, Egyptian 

vultures approached mammals much less closely than they 

approach other vultures (pers. obs.) and never wandered near 

to steal scraps while mammals were feeding. Vultures do not 

make meals of each other, even interspecifically; Egyptian 

vulture approach distances reflected the greater danger 

represented by wolves and hyenas. In Africa, griffon 

vultures (~ africanus and rueppellii) have been observed 

to eat near feeding spotted hyenas (crocuta crocuta), but 

they were not always tolerated and retreated several meters 

when hyenas snapped at them. Even the largest vultures 

(white-headed and lappet-faced) did not approach carcasses 

until hyenas left (Kruuk 1967). 
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Human disturbances 

Egyptian vultures are considered to be commensal with man in 

many parts of their range (Kruuk 1967, cramp 1980). Kruuk 

(1967 suggested that where Egyptian vultures and hooded 

vultures co-occur, hooded vultures are more common near 

human habitations. During pilot work for this study, 

Egyptian vultures were observed waiting at an open dump for 

tractor deliveries, and feeding out of cans and containers 

within only 1-2 m of open flames. However, birds were never 

seen landing in the housing areas of the kibbutz or 

settlement, nor did they approach humans for food. During 

my study, human activity (mostly road work and Bedouin 

activity) caused birds to leave sites. Thus, while Egyptian 

vultures will use human resources, especially sanitary sites 

(dumps, sewage ditches, garbage areas, carcass disposal 

sites) and agricultural areas (chicken barns, irrigated 

fields), they avoid approaching humans and will desert food 

if humans or vehicles approach closely. 
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SUPPLEMENTAL FEEDING FOR VULTURES: 
EFFECTS OF AMOUNT AND TIMING OF FOOD DELIVERIES 

INTRODUCTION 

Traditional food sources for many populations of vultures 

and other scavengers have declined dramatically in the last 

century. Large herds of wild herbivores, which once 

provided food for large-bodied vultures in the western U.S., 

Africa and Asia, are now absent or severely diminished 

(Houston 1987, Mundy et ale 1992). Reduced pastoralism and 

more intensive livestock production methods (e.g., feedlots) 

have led to a decline in carcasses from domestic herds in 

many areas. Deaths in domestic herds have offset some of 

the reduction in carcasses from wild herds, but reduced food 

supplies have contributed to the decline of populations of 

several vulture species (Cramp 1980, Mundy 1985, Terrasse 

1985, Houston 1987, Brown and Jones 1989, Don6zar and 

Fernandez 1990, Mundy et ale 1992). 

Even where livestock deaths provide additional food for 

vultures, pastoralists often use poison baits for predator 

control. Such poisons are a threat to scavengers, including 

vultures, especially in Africa (wilson 1982, Mullie and 

Meininger 1985, Houston 1987, Brown 1991, Mundy et ale 1992, 

Anderson 1993). 

Wildlife managers use supplemental feeding at "vulture 

restaurants" to improve food supplies to an increasing 

number of vulture populations and populations of other 

scavenging birds (Helander 1978, 1985, Friedman and Mundy 
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1983, Terrasse 1983, Wilbur 1983, Terrasse 1985, Richardson 

et al. 1986, Houston 1987, Brown and Jones 1989, Knight and 

Anderson 1990, Scott and Boshoff 1990, Mundy et al. 1992, 

McCollough et al. 1994). Supplemental feeding may be used 

to increase the food supply for all members of a population 

throughout the year, or it may be aimed at supporting a 

particular age class (e.g., Helander 1985, Scott and Boshoff 

1990, McCollough et al. 1994) or an entire population during 

a particular time of year (e.g., Terrasse 1985, Knight and 

Anderson 1990). Supplemental food is also used to support 

releases of captive-bred or translocated vultures and eagles 

to the wild (e.g., Helander 1978, Love 1987, Wallace and 

Temple 1987, Terrasse 1988). 

Most major efforts to support vulture populations with 

supplemental food have provided food conveniently (in terms 

both of quantity and timing) in the amount perceived to be 

necessary. In many instances, supplemental feeding under 

such regimes has apparently increased survival and/or 

reproduction of the target population (Terrasse 1985, 1988, 

Brown and Jones 1989, McCollough et al. 1994). But as the 

role of supplemental feeding changes from an emergency 

intervention to a long-term management technique, 

information will be needed to assess how quantity and timing 

of food delivery may affect the number of individuals fed, 

the relative success of different age classes, and other 



factors influencing the benefits derived from supplemental 

feeding. 
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My objective was to provide food to a population of 

Egyptian vultures at two sites, using two different regimes 

(a few small carcasses daily and several medium-large 

carcasses bimonthly), and to investigate how foraging 

behavior differed at the sites. Egyptian vultures are not 

endangered at a global level, but they have undergone local 

extinctions. Programs are underway to encourage thenl to 

return to France by supplemental feeding (Terrasse 1988), 

and to reintroduce them into South Africa (Verdoorn 1992).My 

results can be used to understand how changes in 

supplemental feeding regimes may be reflected in vulture 

behavior. I use results from this study and others to 

develop management recommendations for supplemental feeding 

programs. 



66 

STUDY AREA AND METHODS 

The study was conducted near the settlement of Sde Boker, in 

the Negev desert, which comprises the southern three-fifths 

of the State of Israel. The central Negev highlands make up 

roughly a quarter of the desert and include the present 

towns and settlements of Yeroham, Dimona, Sde Boker and 

Mitzpe Ramon and the ruins of the Nabatean city of Avdat. 

The Wadi Zin is the main drainage near Sde Boker. It 

includes a series of deeply incised canyons, and a main, 

broad floodplain. A series of plateaus border the Zin, and 

beyond these are gentle but rocky hills with small wadis 

(drainages) running between them. Annual rainfall is 

approximately 50-100 mm and yearly fluctuations are 

pronounced. Vegetation is sparse except for xeroriparian 

vegetation in the bottom of the wadis. A detailed 

description of the landforms and vegetation of the region is 

provided in Evenari et al. (1982) and Danin (1983). 

Two settled areas, kibbutz Sde Boker and the settlement 

of Sde Boker, (which includes portions of Ben Gurion 

university and the Mitrani center for Desert Ecology) are 

situated just north of the main wadi. A major highway runs 

through the area; access to areas beyond the park, 

settlement, and kibbutz is limited to four-wheel-drive 

tracks. 
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Sde Boker supported breeding populations of Egyptian 

vultures and griffon vultures (~ fulvus), and was visited 

by occasional Negev lappet-faced vultures (Torgos 

tracheliotus negevensis). For this study I chose to work 

with Egyptian vultures. They were the most plentiful 

species, and it was logistically impossible to gather and 

store sUfficient carcasses to feed griffon vultures on a 

daily basis. 

Naturally-occurring foods for Egyptian vultures in the 

Negev include carcasses, occasional small, live-caught 

birds, mammals and reptiles, and a variety of arthropods. 

Additional food is obtained from road kills, at garbage 

dumps near the settlement, kibbutz, and park, at carcass 

disposal sites for the kibbutz chicken barns and sheep 

herds, and at a feeding station operated for griffon 

vultures. Extensive irrigation at the settlement and 

kibbutz, and several natural springs, provide water. 

The current study was conducted at the feeding station 

for griffon vultures and at a nearby area used as an 

alternative feeding station specifically for Egyptian 

vultures (Fig 1). The feeding station for griffon vultures, 

called the irregular feeding station (IFS) hereafter, was 

located less than 1 km from both settlement and kibbutz Sde 

Boker, on the edge of a plateau overlooking the Zin 

drainage. The area receiving highest use by vultures was 
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Figure 2.2 study area in the Negev desert, Israel, showing 
two feeding stations used to study foraging behavior of 
Egyptian vultures in 1989 and 1990. The upper diamond marks 
a station stocked daily with 4 chickens; the lower diamond 
marks a station stocked approximately twice monthly with 
livestock carcasses. Insert shows study area position in 
Israel. 
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roughly 0.5 ha and was partially protected from human 

disturbance by a fence and a sign forbidding visitors to 

disturb birds in the area. 
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The alternative feeding station, referred to as the 

regular feeding station (RFS) hereafter, was located 0.5 km 

from the irregular feeding station, on a small hill. Birds 

on the ground at the regular feeding station could see the 

irregular feeding station, but only from the top of the 

hill. Birds at the irregular feeding station could not see 

food on the ground at the regular feeding station. 

stocking at the IFS was scheduled by the Israel Nature 

Reserves Authority prior to the study. From 1986 until fall 

of 1988, the station was stocked fairly regularly with at 

least 2000 kg of food/month (Levy 1990). No food was 

supplied between the fall of 1988 and the beginning of the 

present study in April 1989. At least 50 kg of carcasses 

were placed in the feeding station every 2-3 weeks during 

April-August of 1989 and 1990 (Table 1). Carcasses were 

provided by veterinarians and farmers from the coastal 

plains who brought dead livestock (calves, sheep and goats) 

to a central freezer where the carcasses were stored until 

needed. Carcasses were usually placed in the feeding 

station in the afternoon. The next morning, if mammalian 

scavengers had not already opened carcasses, I partially 

skinned 2-3 carcasses so that vultures could feed easily. 
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Table 1. Stocking schedule for an irregularly-stocked feeding station in 
the Negev desert, Israel, during April-August, 1989 and 1990. Carcasses 
were generally left in the feeding station frozen and intact and did not 
become available to avian scavengers until the next day when they had 
thawed and been opened by mammalian scavengers or a researcher. 

Date food first Estimated Date food 
Year available Amount gone 

1989 
2 April 350 kg 11 April 

17 April 300 kg 22 April 
5 May 20 kg 5 May 
6 May 400 kg 17 May 

24 May 40 kg 26 May 
29 May 4000 kg removed 6 and 7 june 
22 June 85 kg 24 June 

5 July 350 kg 8 July 
19 July 200 kg 22 July 

9 August 30 kg 11 August 

1990 
18 April 220 kg 21 April 

4 May 90 kg 6 May 
21 May 170 kg unknown 
12 June 100 kg unknown 

3 July 360 kg unknown 
17 July 160 kg unkno\<ln 
10 August 120 kg unknown 
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In 1990, 1-3 carcasses were delivered each day over a 2- to 

3-day period to reduce the volume of food taken at night by 

mammalian scavengers, and carcasses were often removed to a 

fenced area at night. 

As a result of a massive die-off in the kibbutz chicken 

barns during a heat storm, approximately 4 metric tons of 

dead chickens were put out at the irregular feeding station 

between 29 May and 5 June 1990. The remains were removed on 

6 and 7 June and burned. 

I led Egyptian vultures to the RFS by placing food at 

the IFS on 24 March and moving the food site towards the RFS 

over a 7-day period. I stocked the RFS daily before sunrise 

from 31 March to 11 August 1989 with 4 chicken carcasses. 

Egyptian vultures began to arrive in Sde Boker during 

March. By 4 April, most of the 20-30 Egyptian vultures that 

had arrived (the eventual summer population was 100-120 

birds) had discovered the site and were in regular 

attendance; data gathered before that date are not included 

here. 

Observations of birds at the RFS were made from a 

vehicular blind approximately 80 m from the feeding site. 

From this position I could also observe the IFS. I used a 

blind on the station plateau during full-day observations at 

the IFS; I made observations from a vehicle parked on an 

adjoining plateau if I could not observe for a full day. I 
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determined appropriate observation distance during pilot 

work in 1987. Egyptian vultures at Sde Boker were not 

exceptionally wary, but I made every effort to avoid 

disturbing birds at either feeding station. I arrived well 

before sunrise and did not depart while birds were on the 

ground. At the RFS I usually continued observations until 

the food was consumed or until all the birds had departed 

and the station was unoccupied for 30-45 min. 

During observations, I scanned the birds present 

(Altmann 1974) every 5 min to record flock size and activity 

(feeding, lying, standing/ preening) and age class of all 

birds present. When observing both sites from the RFS, I 

made the RFS my first priority, and did not always scan the 

IFS every 5 min. During analysis, I discarded hours with 

fewer than three scans and hours for which scans were not 

distributed throughout the hour. Hours encompassing flock 

arrival or departure were discarded if fewer than six scans 

occurred, to compensate for the higher variability of flock 

sizes during those times. 

Birds with all dark feathers were considered juveniles 

(second year birds, hatched previous year); those with a 

preponderance of dark feathers were classified as immatures 

(mainly third and some fourth year birds); those with mostly 

white feathers but still retaining dark feathers other than 

flight feathers were considered subadults (some fourth year, 
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mainly fifth and sixth year birds). Only birds with no dark 

feathers except flight feathers were classified as adults 

(some sixth year birds, mainly seventh year and older) 

(Cramp 1980). For some analyses, immatures and juveniles 

were grouped. 

I recorded disturbances (sonic booms, hikers) and 

visits by other avian and mammalian scavengers as they 

occurred. I estimated weight of carcasses at the irregular 

feeding station on days I observed there. Weights were used 

only for ranked analyses because error in estimation was 

probably large (Table 1). 

Analyses 

I analysed attendance patterns at both sites in relation to 

time elapsed since food was supplied at the IFS. I compared 

attendance on the first day food was available (usually the 

day after it was put out), subsequent days when food was 

available, and days after all food had been consumed. I 

present both Spearman rank and Kruskal-Wallis analyses of 

these 3 categories as a descriptive technique; some aspects 

of attendance were monotonically affected by time, whereas 

others had changing trends over time. I used nonparametric 

statistics because samples were small and distributions were 

often skewed. I present medians for analyses involving 

nonparametric statistics. 
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I examined how birds at feeding stations used their 

time by testing differences in proportion of birds feeding 

between age classes, between sites, and within sites between 

morning and afternoon. For these analyses I calculated a 

median for each hour of each day and, from these, an overall 

median for each day to eliminate potential bias from uneven 

sampling between hours. The resulting analyses had fewer 

degrees of freedom, but were more valid. 

I looked for indications of preferential feeding by 

adults during peak feeding times using compositional 

analysis (Aitchison 1986). To focus on peak feeding times, 

I used a two-stage restriction of the data from both sites. 

At both sites, most birds were present and most birds fed in 

the morning, so I first selected observations between 0600 h 

and 1000 h and observations after 1000 h for which flock 

size was at least 60% as big as the maximum flock size for 

the given month, or for which number of feeding birds 

totalled at least 60% of the maximum number of feeding birds 

for the month. The 60% level was arbitrarily chosen to 

permit sUfficient observations to be retained for analysis 

while maintaining focus on peak feeding time. From this 

data set I then subsampled to approximately 1 scan per flock 

per half hour to reduce the degree of autocorrelation in the 

data set without seriously reducing sample size. I further 

restricted data from the IFS to days when at least 10 kg of 
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food was present at daybreak. The purpose of the IFS was to 

provide large amounts of food infrequently, so I used data 

from days when it functioned in that role. 

All times were converted to summer (daylight savings) 

time. The SAS statistical package (Version 6.04; VAX 

implementation) was used for all analyses. 

The bulk of non-adult Egyptian vultures did not reach 

Sde Boker until the end of April in either year, and 

composition and size of the local population changed 

continually during April. Fall migration began in August, 

and northern birds began to "dilute" the local population, 

and local birds began to leave. August data were limited to 

the first half of the month in both years. For these 

reasons, April data were eliminated from most analyses; 

August data were eliminated from analyses that required 

estimation of monthly medians. Because age-class 

composition did not change markedly during early August, 

August data were retained for some analyses. 
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RESULTS 

I observed the irregular feeding station for 463 hours over 

61 days in 1989 (including medium-distance observations 

while at the regular feeding site as well as on-site 

observations) and 167 hours over 13 days in 1990 (on-site 

only). The regular feeding site was observed for 393 hours 

over 62 days in 1989. 

The irregular feeding station (IFS) 

Attendance. Birds began to soar over the feeding station 

within 1-2 hours after carcasses were put out in the 

afternoon. Vultures often landed at the edge of the 

plateau, but feeding could not commence because carcasses 

were unskinned and often still frozen. 

On the morning after carcasses were delivered, Egyptian 

vultures generally began arriving at first light (roughly 

0530 h during May-July, slightly later in April and August) 

and numbers present and feeding peaked during 0600 or 0700 h 

(Figs. 2 and 3). Flock sizes declined until midday, then 

often rose to a second, smaller peak during midafternoon. 

with few exceptions, all birds were gone by sundown. 

Afternoon attendance patterns varied with the amount of 

food available in the feeding station. If food (especially 

muscle or organ meat, as opposed to skin scraps or picked

over bones) was still available in the afternoon, then the 

second peak in numbers was obvious, and several birds again 
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fed (Figs. 2 and 3). If little or no food was available, 

afternoon attendance usually was limited to short visits by 

one or a few birds at a time; if more birds arrived, they 

seldom fed (Figs. 4 and 5). 

On the first day food was available in the IFS, 

Egyptian vultures arrived earlier than at any other time, 

but numbers increased slowly so that daily maximum flock 

size was reached later than at other times (Table X). 

Feeding began within 1/2 h of first arrivals, but the number 

of birds feeding early on the first day depended in part on 

the condition of the carcasses. Scraps (gut piles, limbs) 

left by mammalian scavengers were generally approached 

quickly by several birds. If only entire carcasses, or 

large sections of carcasses, were available, the feeding 

buildup was more gradual. 

On subsequent days as food decreased, Egyptian vultures 

arrived later (Table X), but numbers increased much faster, 

peaking about 4 hours earlier than on the first day (Table 

X). Daily maximum flock sizes were greatest during this 

time. When birds visited the IRS when no food was available 

(most commonly on the days immediately after food ran out), 

they arrived later than when there was food, numbers peaked 

very shortly after sunrise, and daily maximum flock sizes 

were much lower than when food was available (Table 2.2). 
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Table 2.2. Median time from sunrise to first Egyptian vulture arrival, 
median time to largest flock size, and maximum flock size at a feeding 
station stocked daily (RFS) and a feeding station stocked approximately 
twice monthly (IFS) in the Negev desert, Israel. Data are broken down 
by stocking stage at the IFS. The RFS was studied during April-August 
1989, the IFS during April-August 1989, 1990.' Sample sizes (days) are 
given in parentheses. 

Stage in stocking at irregular fs 
1st day other days No food 

food av1b1 food av1b1 av1b1 KW SC 

Sunrise to arrival time (h) 

IFS -0.39 (10) -0.2 (19) -0.01 ( 9) 0.0353 0.0095 
RFS 0.77 ( 5) 0.44 (11) 0 (24) 0.0584 0.0337 

MWU 0.0120 0.0008 0.9999 

Sunrise to maximum flock size (h) 

IFS 5.84 (10) 1.85 (11) 0.53 ( 9) 0.0021 0.0012 
RFS 2.37 ( 5) 3.35 (19) 1.99 (22) 0.2374 0.6963 

MWU 0.1984 0.0642 0.0038 

Maximum flock size2 

IFS 38 (10) 45 (20) 6.5 ( 4) 0.0485 0.6008 
RFS 13.5 ( 4) 20 ( 4) 28 (25) 0.0677 0.0197 

MWU 0.0560 0.0245 n/aJ 

, Probabilities are given for the following statistics: Mann
Whitney U (MWU), Kruskal-Wallis (KW) and Spearman rank 
correlation (Se). 

2 Maximum flock size analysed only for May-August; other 
variables analysed for April-August following within-group 
checks for equal medians among months. 

J Information for the IFS when no food was available is presented 
only for occasions when birds visited the site. Maximum 
flock sizes are thus biased upwards. 
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Feeding. Griffon vultures usually monopolized large 

carcasses, but if an opened carcass was available, Egyptian 

vultures fed in crowds of ten or more birds, eating muscle 

and organ meat and reaching far enough into carcasses to 

dirty their heads and ruffs. But they lacked the size and 

strength to tear skin away to expose fresh muscle, or to 

break into the abdominal cavity if the carcass was not 

skinned near the lower abdominal wall. 

A median of one-third of adults ate during mornings 

when at least 10 kg of food was present (Table 2.3); 

proportions of nonadults feeding were generally higher. 

Large floc}cs and flocks with many feeding individuals (those 

flocks used to investigate preferential feeding), also had 

significantly more nonadults than adults present (Table 2.4; 

signed-rank test M=-22.5, p=0.0001). Age-classes fed in 

proportion to their presence (Table 2.4; M=-6.5, p=0.1597). 

The proportion of nonadults feeding exceeded the 

proportion of adults feeding throughout the day, but the 

difference was greater in the afternoon (Table 2.5). 

Decreased feeding by adults contributed more to the 

difference than increased feeding by subadults. 

The regular feeding station (RFS) 

Attendance. Birds began arriving at the RFS before dawn 

(0600 h during May-July, slightly later in April and 
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Table 2.3. Median proportions of adult Egyptian vultures, adults 
feeding, and nonadults feeding at 2 feeding stations in the Negev 
desert, Israel. One site (RFS) was stocked daily, April-August 1989, 
and the other (IFS) was stocked approximately twice a month (IFS) during 
April-August, 1989 and 1990. Figures are medians of medians for each 
hour of each day to allow for unequal sampling among hours. Numbers of 
days used to compute medians are shown after the slash. 

% adults in flock % adults feeding % nonadults feeding 

Hr RFS IFS· RFS IFS RFS IFS 

5 25.0/18 32.9/20 33.3/ 9 29.3/15 46.3/ 8 25.4/14 
6 33.3/37 28.9/28 33.3/35 28.0/27 43.3/34 36.4/27 
7 35.5/40 25.3/29 33.3/38 23.6/29 40.3/38 36.4/29 
8 33.3/40 20.1/30 33.3/38 18.3/29 34.9/38 31.8/29 
9 26.3/36 17.4/27 33.3/35 18.8/25 30.2/34 32.9/25 

10 33.3/28 17.0/22 14.3/23 14.3/21 50.0/23 26.3/21 
11 50.0/12 21. 3/16 50.0/11 21. 8/15 54.2/ 8 18.2/15 
12 26.1/ 5 29.1/16 30.0/ 4 33.3/15 58.3/ 3 38.2/15 
13 28.9/ 2 26.3/15 34.4/ 2 30.1/12 68.3/ 2 32.5/12 
14 44.9/ 1 25.0/17 66.7/ 1 33.3/13 25.0/ 1 50.0/12 
15 00.0/ 1 21.7/16 00.0/ 1 00.0/14 00.0/ 1 33.3/14 
16 56.3/ 2 17.4/19 00.0/ 1 15.5/18 00.0/ 1 39.3/18 
17 55.0/ 2 18.8/19 37.5/ 2 00.0/16 50.0/ 2 26.5/16 
18 76.0/ 2 21.4/17 66.7/ 2 06.3/15 18.8/ 2 37.6/15 
19 50.0/ 1 33.3/ 8 50.0/ 1 00.0/ 8 25.0/ 1 19.3/ 8 

• Data from the IFS represent days when more than 10 kg of food was 
available at daybreak. 
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Table 2.4. Figures used to determine preferential feeding 
among age-classes of Egyptian vultures at a feeding site 
stocked approximately twice monthly (IFS) and a feeding 
station stocked daily (RFS) in the Negev desert, Israel, 
April-August, 1989, 1990. Age classes are adults and 
nonadults; Kruskal-Wallis tests showed no differences among 
nonadult age classes at either site. Numbers of scans 
during peak feeding periods (reduced to 1 per 30-mi period) 
are shown in parentheses below the site designations. 

IFS 
Proportion or ratio (74) 

Median proportion of adults 0.252 

Median proportion of feeding birds 0.218 
that were adults 

Median ratio of adults feeding to nonadults 0.876 
feeding, divided by ratio of adults 
present to nonadults present. 

RFS 
(71) 

0.304 

0.667 

1.22 
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Table 2.5. Proportions of adult and nonadult Egyptian vultures feeding 
before and after noon at a feeding station stocked approximately twice 
monthly in the Negev desert, Israel, during April-August, 1989, 1990. 
Data are limited to days on which at least 10 kg of food were available 
at daybreak. 

Average percent feeding* 

0500-1200 1300-1900 t df 12 

% adults feeding 23.4 12.2 1.996 13 0.0673 

% nonadults feeding 30.7 34.1 -0.788 13 0.4448 

(%ad feeding - -7.3 -21.9 3.157 13 0.0076 
%nad feeding)+ 

• Averages of a median for each hour which is a median of the 
observations during that hour for each day. Thus, sample size for all 
0500-1200 averages is 8 and for all 1300-1900 averages is 7. 

+ Note that these three tests are not independent; the first two ~ 
statistics are shown to explore the relative contributions of the age 
classes to the third ~ statistic. 
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August), often arriving before I did, and numbers peaked 

during 0700 and 0800 h (Figs. 4 and 5). Birds that were 

present when I arrived generally flew up and circled, 

landing again after I put the chickens out and returned to 

the vehicle. 

Flock sizes declined during late morning, and usually 

all birds were gone by 1000 or 1100 h. If food remained, 

birds might return in the afternoon, but usually all food 

was consumed during the morning. 

Effects of stocking IFS on attendance at the RFS. 

Egyptian vultures arrived at the RFS latest on the first 

full day of stocking at the IFS (Table 2.2). On subsequent 

days when food was available at the IFS they continued to 

arrive later than when food was unavailable there. The 

delay between arrival and feeding was significantly longer 

on the first day of stocking (median=40 min, n=3) than on 

other days food was available (median=5 min, n=18) or days 

when the IFS was not stocked (median=5 min, n=34; Kruskal

Wallis: X2 =7.7038, df=2, p=0.0212). 

Numbers of birds at the RFS peaked later when food was 

available at the IFS, but differences were only nearly 

significant after the first day (Table 2.2). Maximum flock 

sizes at the RFS were lowest on the first day of a stocking 

event at the IFS, at intermediate levels while food remained 
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available there, and highest when food was gone from the IFS 

(Table 2.2). 

Feeding. A median of 33% of adult Egyptian vultures and 

35-46% of nonadult Egyptian vultures fed during the morning 

at the RFS (Table 2.3). Median proportions of adults 

feeding (feeding adults/total adults) during the morning 

(0500-1200) were higher during observations at the RFS than 

during observations at the IFS when 10+ kg of food was 

present (Table 2.3; t=2.590, df=7, p=0.0359). Nonadults 

showed the same pattern (t=3.011, df=7, p=O.0196). Afternoon 

attendance at the RFS was too uncommon to permit comparisons 

with the IFS. 

Among flocks used to assess preferential feeding, 

adults were significantly in the minority (Table 2.4, M=-

22.5, p=O.OOOl). However, they fed preferentially - in 

greater proportion than their presence suggested (Table 2.4; 

M=9.5, p=0.0295). The degree of preferential feeding at the 

RFS was significantly greater than at the IFS (Z=2.617, 

p=0.0089). 

Variability in flock size and number feeding 

The interquartile range (the value of the 75th percentile 

minus the value of the 25th percentile) is a nonparametric 

measure of dispersion. For all hours between 0600 and 1100 

(median flock sizes at the RFS were greater than 1 during 

this period) the interquartile range of flock size was 
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greater at the IFS than at the RFS (Table 2.6; p=0.0156; due 

to incomplete independence between hours, p is slightly 

unconservative). The same was true of the interquartile 

ranges of the numbers of feeding birds at the two sites 

(Table 2.6). Both comparisons were made over the May-August 

data; IFS data were restricted to days when food was 

available there, while RFS data were restricted to days when 

no food was available at the IFS. 

Disturbances 

Except during the first hour, when I occasionally 

disturbed the earliest birds at sites, disturbances were 

most common at the IFS during periods of higher food 

availability (>10 kg available at daybreak) (Table 2.7). 

Overall, disturbance was related to food availability (IFS 

above 10 kg > RFS > IFS below 10 kg; r.=0.5725, n=45, 

p=O.OOOl). Afternoon hours had fewer disturbances than 

morning hours (Z=-3.722, TI.=24, n2=21, p=0.0002) but the 

sites ranked in the same order in both parts of the day 

(morning: rFO.8552, n=24, p=O.OOOl; afternoon: ~=0.50412, 

n=21, p=0.0198). 

Human disturbance (nonobserver) was infrequent; effects 

ranged from a minor interruption of feeding with no 

departures when a hiker walked nearby, to the departure of 

every bird at the IFS when a tour drove into the middle of 

the station. sonic booms usually caused only momentary 
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Table 2.6. Medians and interquartile ranges (iqrange) of 
numbers of Egyptian vultures present and feeding at 2 
feeding stations in the Negev desert, Israel. One was 
stocked daily (RFS, 1989) and the other (IFS, 1989 and 1990) 
2x monthly. Data are from morning hours during May-August. 
IFS data include only periods when food was available at 
there; RFS data include only periods when food was 
unavailable at the IFS. 

Medians Interguartile ranges 

Total Feeding Total Feeding 

Hour RFS IFS RFS IFS RFS IFS RFS IFS N 

5 0.0 14.5 0.0 2.0 0.0 20.0 0.0 8.5 18 
6 16.0 24.8 3.3 11. 3 15.5 33.3 8.0 14.0 32 
7 18.0 27.5 7.5 12.0 10.5 27.5 5.0 14.0 33 
8 20.0 23.0 5.5 6.3 12.0 27.0 5.0 11.0 32 
9 10.0 17.0 3.0 4.0 10.5 18.0 5.0 9.0 29 

10 3.0 15.8 1.0 3.0 7.5 16.5 3.0 5.0 22 
11 0.3 12.8 0.0 2.5 2.0 14.5 1.0 2.8 16 
12 0.8 9.8 0.0 1.0 3.3 13.0 1.5 5.3 16 
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Table 2.7. Proportion of every-5-min scans of Egyptian vulture flocks 
occurring during or within 5 min of disturbances at 2 feeding stations 
in the Negev desert, Israel. One (RFS) was stocked daily (RFS, 1989) 
and the other 2x monthly (IFS, 1989 and 1990) during April-August. Data 
from the IFS are separated by amount of food available at start of day. 
Numbers of scans are shown in parentheses. Abbreviations give the type 
of disturbance ranked by number of affected scans. 

Time 
of day RFS 

0500 0.162 (333) 
h,rf,nw,u* 

0600 0.190 (627) 
rf,h,u,nw,se 

0700 0.096 (618) 
rf,h,u,se 

0800 0.055 (632) 
rf,u,h,b,se 

0900 0.057 (583) 
b=rf,se,h,u,or,nw 

1000 0.066 (534) 
b,u=h,se,gv 

1100 0.063 (365) 
se,b,h,u=or 

1200 0.046 (239) 
se,h 

1300 0.000 (162) 

1400 0.010 (200) 
h 

1500 0.022 (185) 
se,b=h 

1600 0.007 (149) 

1700 

1800 

1900 

se 

0.000 (105) 

0.000 ( 30) 

0.167 ( 12) 
rf=u 

IFS, <10 kg 

0.064 (126) 
h,rf 

0.041 (519) 
h,gv,nw,hy=rf=u 

0.011 (545) 
gv 

0.029 (522) 
gv,nw,h 

0.030 (460) 
gv b 

0.041 (365) 
h,gv,b=nw,se=u 

0.021 (288) 
h 

0.000 (248) 
u 

0.010 (240) 
h 

0.019 (316) 
h 

0.005 (213) 
u 

0.006 (174) 
se 

0.000 ( 99) 

0.015 ( 69) 

0.000 ( 34) 

IFS, >10 kg 

0.144 (215) 
h,hy 

0.096 (303) 
gv,hy,h,nw,rf 

0.174 (287) 
gv,u,hy,nw 

0.182 (308) 
gv,nw,u,h 

0.187 (284) 
gv,nw,b,se,h 

0.208 (250) 
gv,b=u,or 

0.235 (226) 
gv,nw,b=h,or 

0.166 (205) 
gv,se=b,h=i 

0.126 (190) 
gv,b=or=h 

0.107 (225) 
gv,h,b=se 

0.026 (292) 
gv,h,u,b 

0.003 (313) 
u 

0.015 (299) 
h,u,se 

0.047 (236) 
gv,h 

0.133 (113) 
gv,h 

* h-human; b=sonic boom; rf=red fox; nW-Negev wolf; hy=striped hyena; i
ibex; gv=griffon vulture; se=steppe eagle; or=other raptors; u=unknown. 
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cessation of feeding. Human disturbances accounted for a 

median of 11.3% of the disturbances at the IFS when >10 kg 

of food was available (range:0-90.3%), 29.4% of disturbances 

at the RFS (range 0-100%) where observer disturbances 

occurred when food was placed at the site, and 12.4% of 

disturbances at the IFS when <10 kg of food was available 

(range:0-100%). 

Overall, competing scavengers accounted for most 

disturbances to feeding Egyptian vultures. The number of 

scans that occurred during or within 5 min of a scavenger 

disturbance increased with increasing food availability 

(r.=0.6236, n=45. p=O.OOOl), as did the proportion of 

disturbances accounted for by scavenger visits (r.=0.3903, 

n=40 site-hr combinations during which disturbances 

occurred, p=0.0128). Competing species of scavengers 

visited both feeding sites, but the quantity and timing of 

visits, and the species involved, differed between the sites 

(Table 2.7). Foxes (Vulpes vulpes) and steppe eagles 

(Aquila nipalensis) were the most common natural 

disturbances at the RFS. Once foxes began visiting 

regularly (midJune), they consumed 25-50% of the food at the 

RFS each day. Eagles only migrated through the area for 

about a month (midApril-midMay) and did not appear except on 

days with good migrating conditions. On those days their 

visits usually occurred late in the morning after the most 



intensive feeding hours for Egyptian vultures, and their 

impact on the food supply was therefore minor. 
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Large mammalian scavengers and griffon vultures rarely 

came to the RFS but both were regular visitors at the IFS, 

where larger carcasses were available and human presence was 

less obvious. Griffon vultures usually arrived hours before 

they finally approached a carcass, and Egyptian vultures fed 

freely during those hours, regardless of the number of 

griffon vultures assembling. But when griffon vultures 

moved in to feed en masse, their numbers and ability to 

strip a carcass in 20-30 minutes made them the major food 

consumer at the IFS. 

Large mammals (Negev wolves, Canis lupus negevensis, 

and striped hyenas, Hyaena hyaena) were second only to 

griffon vultures in the amount of food they consumed at the 

IFS. During 1989, when food was left out overnight, entire 

carcasses disappeared, and large portions of others were 

eaten. When I took carcasses off-site at night, during 

1990, food loss to mammals decreased; less than one carcass 

was consumed during each stocking bout. 

An exception to the usual routine of natural 

disturbances occurred during the week that several tons of 

dead chickens were available at the IFS. During the first 2 

days, Egyptian vultures, long accustomed to eating chickens 

nearby, were cautious, and less numerous than the food 
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supply warranted. The carcasses formed a nearly continuous 

mat across part of the site, and Egyptian vultures at first 

ate only at the edges, where individual chickens were 

clearly distinct from the main mass. It seemed that the 

main mass of food initially constituted a disturbance for 

Egyptian vultures. 

By the third day, numbers of Egyptian vulture had 

increased, and birds were feeding throughout the food mass. 

Vultures remained concentrated around the edges, perhaps 

because the footing was better, but fed where chickens were 

piled several deep, as well as from distinct individual 

carcasses. Griffon vultures did not visit the site even 

when more than 60 Egyptian vultures were present. Negev 

wolves, accustomed to scavenging chickens, visited during 

midday and stayed to rest on site. 
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DISCUSSION 

Effect of multiple food sources on attendance 

The presence of food at the IFS delayed and reduced, 

but did not eliminate, feeding at the RFS. A related study 

(Chpt. 1) suggested that the presence of food at the IFS may 

have delayed discovery of randomly-placed carcasses. But 

the IFS was not always the biggest attractant; on one 

occasion when feeding flocks at the IFS were unexpectedly 

small, other researchers reported seeing a dead camel 

several kilometers from the feeding station, surrounded by 

griffon and Egyptian vultures. The presence of food at 

feeding stations apparently does not prevent vultures from 

monitoring and using other food supplies in the area. 

variability in flock sizes and feeding activity 

Variability in flock sizes and in numbers of feeding 

birds was higher at the IFS than at the RFS. Differences 

between the sites were probably largely a result of 

differences in the suite of competitors attending the sites. 

Red foxes and steppe eagles were the major competitors for 

food at the RFS. The observer was more visible at the RFS, 

which probably discouraged wolves, hyenas and griffon 

vultures. Griffon vultures also cannot feed easily at very 

small carcasses, being unable to brace them with their feet 

to pull off food (pers. obs.). 
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While red foxes often ate as much as 50% of the food at 

the RFS on a given day, they only occasionally fed on site; 

generally they carried food away and ate it elsewhere. 

steppe eagles ate on-site, were only migrating through until 

midMay, and usually did not arrive until after much of the 

food had already been eaten. Thus, at the RFS, Egyptian 

vultures were not often prevented from feeding by 

competitors. 

At the IFS, griffon vultures were the primary consumers 

of carcasses. Their feeding often excluded Egyptian 

vultures from carcasses for as much as an hour at a time. 

When griffon vultures finished, little food remained. 

Wolves, hyenas and steppe eagles visited less frequently, 

but vultures rarely fed while these species were feeding. 

If wolves or hyenas left scraps, or partially eaten 

carcasses, vultures often crowded around as soon as the 

mammals left, changing in minutes from almost no feeding to 

intensive feeding. If griffon vultures were present, they 

excluded Egyptian vultures. But if wolves or hyenas fled 

when I arrived in the morning, Egyptian vultures, arriving 

before griffon vultures, began the day with a feeding 

frenzy, rather than the usual, slower build up to a peak of 

feeding activity approximately an hour after arriving. 

Feeding by griffon vultures did not consistently 

prevent Egyptian vultures from feeding because feeding. 
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When griffon vultures did monopolize all available 

carcasses, Egyptian vultures were limited to feeding on 

scraps at the periphery of the griffon vultures, picking at 

eyes or tongues of unopened carcasses and at bones of old 

carcasses, or searching for beetles or isopods on the 

ground. If access to carcasses was restricted for long 

periods, especially on particularly hot days, Egyptian 

vultures began to leave. In this WRY, competitor presence 

at the IFS not only contributed to variability in numbers of 

feeding Egyptian vultures, but also to variability in 

Egyptian vulture flock sizes. 

Griffon vultures often fed throughout the day, and 

wolves visited as late as midday; neither species visited 

the site predictably. Griffon vultures visited as single 

birds or in flocks of ranging to more than 30 birds. 

Unpredictable presence of competitors who could monopolize 

food resulted in increased variability in Egyptian vulture 

presence and feeding activity throughout the day. 

Preferential feeding 

At the RFS, higher proportions of adults fed at peak 

feeding times than nonadults. Adult Egyptian vultures are 

dominant over younger birds in encounters involving food 

(Chpt. 1), and chicken carcasses were small enough for a 

single vulture to defend effectively. Adult Egyptian 

vultures find carcasses more frequently than do younger 
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birds (Chpt. 1). Adults leave to search for uncontested 

food, rather than expend energy defending a known resource. 

But the Negev has no cover beyond the visual obstruction of 

cliffs and canyons, which are not effective cover from an 

aerial perspective. An adult that left to search for other 

food could readily be followed, and would once again have to 

defend its meal. 

At the IFS, carcasses were much larger than at the IFS, 

and scraps were more widely scattered; Egyptian vultures 

also fed away from carcasses, apparently on beetles and 

isopods. This behavior was not observed at the RFS. Thus, 

much of the food supply at the IFS could not be dominated by 

single birds, and adults did not feed preferentially. 
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MANAGEMENT IMPLICATIONS 

Kinds and preparation of carcasses 

Feeding stations designed to support smaller vulture species 

may be managed to minimize feeding by large vultures by 

supplying only small carcasses. Chicken carcasses were not 

used by griffon vultures during this study. 

Managers seeking to support large and small species of 

vultures simultaneously should consider stocking large and 

small carcasses so that large vultures will not tend to 

monopolize all carcasses. Skinning large carcasses permits 

access to all species, although large vulture species, when 

present, will be the primary beneficiaries at large 

carcasses. Griffon vultures can feed from unskinned 

carcasses, but access is limited and only a few individuals 

feed. 

Timing of food deliveries 

Timing of food deliveries does not affect the likelihood of 

discovery and use of supplemental carcasses. During this 

study, Egyptian vultures rapidly found even randomly-placed 

carcasses (Chpt. 1), and they quickly learned the schedule 

at the RFS. Both Egyptian and griffon vultures monitored 

the IFS often enough to appear over the station soon after 

carcass delivery. Thus, timing should be dictated by the 

particular needs of the supported populations. 
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Support of breeding populations is usually aimed at 

providing sufficient nutrition for growing nestlings 

(Friedman and Mundy 1983, Mendelssohn and Leshem 1983, 

Richardson et al. 1986). Daily, or at least twice-weekly 

deliveries are more likely than less frequent deliveries to 

ensure continuously adequate feeding of nestlings. Results 

from this study and others (Mundy 1982, Brown and Jones 

1989) suggest that adult vultures dominate subadults when 

food is limited, so managers need not provision an entire 

population in order to ensure that diets of breeding adults 

and chicks are supplemented. 

Food placement 

When supplemental feeding is intended to bolster subadult 

survival (e.g., scott and Boshoff 1990), food should be 

supplied in many "pieces" so that adults cannot dominate all 

of it. Alternately, if nesting birds are confined to 

specific areas, as is often the case among cliff-nesting 

species, supplemental food for subadults can be delivered to 

areas beyond the foraging range of breeding adults (Scott 

and Boshoff 1990). 

Vultures can be "guided" to new foraging sites by 

placement of supplemental food. During this study, Egyptian 

vultures rapidly found and used a new food source within 

their usual foraging range. This technique can be used to 

support released, captive-reared or translocated birds and 
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to teach them to forage in their new environs (Anderegg et 

ale 1984, Terrasse 1988). 

competing scavengers 

Food losses to mammalian scavengers can be reduced, but not 

eliminated, by removing or covering food at night. During 

this study, attendance by hyenas was eliminated in 1990 by 

the practice of bringing carcasses to fenced areas at night. 

Wolves, however, often fed during midday, and were not 

deterred from using the IFS when carcasses were unavailable 

at night. But mammalian scavengers ate a far smaller 

proportion of carcasses when they could only feed during the 

day. 

Elsewhere in Israel, researchers have successfully 

reduced food loss to mammalian scavengers by covering 

carcasses with large, heavy plastic shipping crates at night 

(Dov, pers. comm.). If carcasses are dismembered or in an 

advanced state of decay, covering them is easier than 

removing them to another location. 

Eagles are the principal avian competitors with 

vultures. All eagles observed during this study were 

migrants, and I could find no way to reduce their 

visitation. But where eagles are resident, visitation may 

be reduced by siting feeding stations in areas eagles do 

not frequent or by placing a station within the territory of 

a breeding pair. Both approaches have been used with some 



success during releases of California condors (Clendenen, 

pers. corom.). 

'Multiple-use' feeding stations 
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The vulture feeding station at Sde Boker functioned both as 

a feeding site and as a research site during this study. 

On-site blinds allow researchers to track population size 

and age structure, observe interactions among scavenging 

species, read rings or tags, and monitor visits by migrating 

or vagrant raptors and vultures (Friedman and Mundy 1983, 

Brown and Jones 1988, Scott and Boshoff 1990, McCollough et 

ale 1994). Well-built blinds not only facilitate research 

but also allow visitors to view the feeding station without 

disturbing feeding birds. Several feeding stations in South 

Africa open to tourism (Piper 1990) and funds generated by 

such enterprises can be used to defray the costs of storing 

and transporting carcasses, or for other conservation 

projects . 
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RELATIONSHIPS AMONG SITE, GROUP AND INDIVIDUAL 
CHARACTERISTICS IN DETERMINING INDIVIDUAL FORAGING BEHAVIOR 

INTRODUCTION 

Animals that forage in groups may improve their chances of 

survival by reducing risk of predation and improving 

knowledge of food sources. Species reduce individual time 

spent in vigilance and individual risk of predation by 

sharing both costs with other group members (e.g., Pulliam 

1973, Caraco et ale 1980, McNamara and Houston 1992). 

Information concerning location and quality of food patches, 

communicated among group members, may improve feeding rates 

(e.g., Clark and Mangel 1984, 1986, Real and Caraco 1986). 

Within a group, individual foraging behavior may vary 

as a function of characteristics of the site, group, or 

individual. Among sites, factors such as cover or 

visibility may affect perceived predation risk and thus 

vigilance behavior (reviews in Lima and Dill 1990, Houston 

et ale 1993). Food quality and quantity (mean and variance) 

at feeding sites affect both group and individual aspects of 

foraging (e.g., Clark and Mangel 1986, Stephens and Krebs 

1986, Barkan 1990). Group size, which may vary with site 

characteristics, may affect vigilance behavior (e.g., 

Magurran et ale 1985, McNamara and Houston 1992) and 

aggressive behavior (e.g. Monaghan and Metcalf 1985, 

Risenhoover and Bailey 1985) in individuals of many species. 
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competition among individuals in a group can affect feeding 

rates (e.g., Clark and Mangel 1986) and feeding strategies 

(e.g., Milinski 1982, Barnard and Brown 1985, Saino 1994). 

Among individuals, age and social status also may determine 

access to food (e.g., Hogstad 1989, Marzluff and Heinrich 

1991, Cresswell 1994b). Breeding may confer higher social 

status, but also increases energetic demands which affects 

foraging behavior (e.g., Appleby 1983, Colagross 1993). 

Interaction between subsets of the effects of site, 

group, and individual characteristics on individual feeding 

behavior have been well documented (see above). Most 

reports have focused on the effects of one of site, group, 

or individual characteristics. Some studies have dealt with 

two levels (e.g., Barnard and Brown 1985, Holbrook and 

Schmitt 1988, Lima 1992), but relatively few have addressed 

interrelations of all three levels (but see Theimer 1987, 

Morgan 1988). My objective was to determine how 

differences in predictability and availability of food at 

sites affect the balance between group and individual 

characteristics in determining individual behavior of 

Egyptian vultures (Neophron percnopterus). 
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STUDY AREA AND METHODS 

The Negev desert comprises the southern three-fifths of the 

State of Israel. The central Negev highlands make up 

roughly a quarter of the desert and include the present 

towns and settlements of Yeroham, Dimona, Sde Boker and 

Mitzpe Ramon, and the ruins of the Nabatean city of Avdat. 

The Wadi zin is the main drainage near Sde Boker. It 

includes a series of deeply-incised canyons and a main, 

broad floodplain and harbors a major roost site, and the 

majority of nest sites, for Egyptian vultures in the Negev 

(Frumkin 1986). A series of plateaus borders the Zin, and 

beyond these are gentle but rocky hills with small wadis 

(drainages) running through them. Average annual rainfall 

is approximately 50-100 mm and yearly fluctuations in 

rainfall are pronounced. vegetation is sparse except in the 

bottom of the wadis, where xeroriparian vegetation occurs. 

A detailed description of the landforms and vegetation of 

the region is provided in Evenari et al. (1982) and Danin 

(1983) . 

Naturally-occurring foods for Egyptian vultures in the 

Negev include carcasses, occasional small, live-caught 

birds, mammals and reptiles, and a wide variety of 

arthropods. Additional food is obtained from road kills, at 

garbage dumps near the settlement, kibbutz and park, at 

carcass disposal sites for the kibbutz chicken barns, and 
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sheep herds. Extensive irrigation at the settlement and 

kibbutz, and several natural springs, provide a ready supply 

of water. 

The study was conducted in three areas near the 

settlement of Sde Boker: 1) a 17x15-km area centered on the 

Zin drainage in which small amounts of food were randomly 

placed (random sites: RSs) , 2) a feeding station on a 

plateau above the Zin ~tocked daily with small amounts of 

food (regular feeding station: RFS) , and 3) a feeding 

station established for griffon vultures, also on a plateau 

above the Zin, stocked approximately 2x/month with livestock 

carcasses (irregular feeding station: IFS) (Fig 1). 

The sites used during this study represented three 

kinds of feeding situations commonly encountered by Egyptian 

vultures. Random sites simulated small carcasses that are 

encountered naturally. The RFS was similar in 

predictability to many small artificial food sources (e.g., 

village garbage dumps or open sewers) used by Egyptian 

vultures in Africa and Asia (cramp 1980, Mundy et ale 1992). 

The amount of food available at the IFS, and its 

arrangement, was similar to remains of large predator kills, 

to sites used by farmers in South Africa and France to 

dispose of livestock carcasses by feeding them to vultures 

(Terrasse 1988, Mundy et ale 1992) and to larger sources of 
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Figure 3.1 study area in the Negev desert, Israel, showing 
sites used to observed feeding Egyptian vultures during 1989 
and 1990. Small circles indicate random feeding sites, 
stocked once with 2 chickens during April-August, 1990. The 
upper diamond indicates a fixed feeding site stocked daily 
with 4 chickens during April-August, 1989. The lower 
diamond indicates a fixed feeding site stocked twice monthly 
with livestock carcasses during April-August, 1989 and 1990. 
A major roost site is marked with a triangle and chicken 
barns are marked with an inverted triangle. Insert shows 
position of study area in Israel. 
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human-generated wastes such as abattoirs in Africa and Asia 

(Cramp 1980, Mundy et ale 1992). 

The IFS was run by the Nature Reserves Authority prior 

to the study to support the local griffon vulture 

population. During the study, it was stocked every 2-3 

weeks during April-August of 1989 and 1990 (details in Chpt. 

2). Carcasses were provided by veterinarians and farmers 

who brought dead livestock (calves, sheep and goats) to a 

central freezer in coastal Israel where carcasses were 

stored until needed. 

Carcasses were usually placed in the feeding station in 

the afternoon. The next morning, if mammalian scavengers 

had not already opened carcasses, I partially skinned 2-3 

carcasses so that vultures could feed easily. In 1990, 1-3 

carcasses were delivered each day over a 2-3 day period to 

reduce the volume of food taken at night by mammalian 

scavengers, and carcasses were often removed to a fenced 

area at night. I observed the IFS from a blind on the 

plateau or from a vehicle on a neighboring ledge. 

I operated the RFS during April-Aug, 1989. It was 

stocked daily, before sunrise, with four chicken carcasses. 

I observed the site from a vehicular blind approximately 80 

m from the feeding site. From this position I could also 

observe the IFS. 
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I simulated naturally-occurring carcasses by placing 2 

chicken carcasses (4-5 kg total) at random locations near 

Sde Boker during 1990 (Figure 1). Two random numbers were 

used to determine the north and east coordinates of a 

kilometer square, and a third random number determined a 

quadrant within the square. I rejected quadrants if they 

were inaccessible or if they were contiguous with previously 

selected locations. 

Carcasses were positioned at the RSs before dawn. I 

observed carcasses at RSs from a vehicle or blind with a 15-

40x spotting scope and binoculars. Observation points were 

50-100 m from the carcasses and the same observation point 

was used for all observations at a given location. sites 

were observed for several hours after food was completely 

consumed or at least 6 hours after the last visit if food 

was abandoned before it was completely consumed. 

I determined appropriate observation distances for 

Egyptian vultures during pilot work in 1987. Egyptian 

vultures at Sde Boker were not exceptionally wary, but I 

made every effort to avoid disturbing birds at either 

feeding station. I arrived well before sunrise and did not 

depart while birds were present on the ground. At the RFS I 

usually continued observations until the food was consumed 

or until all birds had departed and the station was 

unoccupied for 30-45 min. 
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During observations, I scanned the flock (Altmann 1974) 

every 5 min to record the activity (feeding, lying, 

standing/preening) and age class of all birds present. 

Birds with all dark feathers were considered juveniles 

(second year birds, hatched previous year); those with a 

preponderance of dark feathers were classified as immatures 

(mainly third and some fourth year birds); those with mostly 

white feathers but still retaining dark feathers other than 

flight feathers were considered subadults (some fourth year, 

mainly fifth and sixth year birds). Only birds with no dark 

feathers except flight feathers were classified as adults 

(some sixth year birds, mainly seventh year and older) 

(Cramp 1980). 

Facial markings and variations in coloration permitted 

some individuals to be recognized for part or all of the 

study. I classified known individuals as breeding birds if 

I saw them carry food from a site. Food carrying started at 

the beginning of May in both years, and continued to the end 

of both study seasons. I found the nest sites of some 

recognizable breeding adults by watching them fly to nest 

sites with food. 

Visit data were compiled by searching through each 

day's scans for each bird tracked individually during the 

day to determine the length of each visit to the site, and 

the activities that occurred during each visit. Visits with 



data gaps larger than 10 min, and visits with data gaps 

totalling more than 5% of the visit were discarded. 
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Absences of less than 10 min were recorded as non feeding 

intervals. Absences of more than 10 min terminated the 

visit. When time permitted, I made scans only of known 

individuals between the every-5-min scans. These additional 

data were used to improve estimates of time spent feeding 

during visits. Scans were weighted by the time they 

represented, calculated as one-half the interval to the 

preceding scan and one-half the interval to the subsequent 

scan. 

Between scans, I observed haphazardly-chosen feeding 

individuals for 60-sec intervals to record time spent 

feeding and number of aggressive encounters. I could not 

devise a rapid, truly random, selection technique for 

picking a single individual from a group with changing size, 

shape and composition. 

I recorded disturbances (sonic booms, wolves (Canis 

lupus negevensis), hikers, etc.) and visits by other avian 

and mammalian scavengers (primarily brown-necked ravens, 

Corvus ruficollis) as they occurred. For calculations, the 

minimum time span was 1 min. 

Analysis. 

Visit parameters. To examine differences among sites in 

visit length and proportion of visit time spent feeding, I 
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analysed data taken at the most common feeding times at each 

site. At the RFS I used data taken before noon, and from 

visits which had disturbances occurring for less than 10% of 

the visit. Food at the RFS generally was consumed by noon, 

and foxes and steppe eagles created long disturbances at the 

RFS that often precluded feeding by Egyptian vultures (Chpt. 

2). At the IFS I used data from days which began with at 

least 10 kg of food to ensure that food remained present 

throughout the day. Data from random sites were restricted 

to visits beginning after the first feeding attempt in order 

to eliminate the "familiarization period" that only occurred 

at random sites. Small flocks (often single birds or mated 

pairs) were also common only at random sites, so I used 

visits during which the median flock sizes was at least 5 

birds. Lastly, visits were only used if some feeding 

occurred. 

To determine the impact of group behavior on individual 

behavior, I used proportion of flock feeding as an 

independent variable in several analyses. In all cases, to 

avoid autocorrelation, the calculation was made by excluding 

the focal individual from the analysis, producing a variable 

that would more properly be called proportion of remainder 

of flock feeding. In models that included age as an 

independent variable, age was modelled as a categorical 

variable (juvenile, immature, subadult, adult), a continuous 
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variable, and as a binomial variable (adult, nonadult); the 

model accounting for most variation was presented. 

Differences among adult visits. To investigate the 

effects of breeding status on visit characteristics, I 

subdivided adult visits during normal feeding times into 

delivery visits (by breeding adults), nondelivery visits by 

breeding adults, and nondelivery visits by adults whose 

breeding status was unknown. Analyses of adult visits were 

conducted separately for the three site types to avoid 

restrictions on flock size needed to standardize among-site 

comparisons; April visits were excluded because food 

deliveries began in the first week of May in both years. 

Visits were only used if the bird was seen in the act of 

flying from the site. 

I only analysed visit length data for adults. Adults 

constituted most of the long-term recognizable individuals; 

because I continued to recognize them throughout a field 

season, there was a smaller risk of losing them during a 

day. 

Focal observations. Vigilance and aggressive behavior 

were analysed using the 1-min focal observations. Logistic 

models were used to analyse occurrence of aggression during 

focal observations - results predict the probability that 

aggression will occur, not the number of aggressive 

encounters. Poisson models were used to examine the 



119 

probability of wins during observations that included at 

least one aggressive encounter. General linear models were 

used to analyse vigilance data. Vigilance data were log 

transformed to achieve normality. 
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RESULTS 

I observed the IFS for 463 hours over 61 days in 1989. The 

RFS was observed for 393 hours over 62 days in 1989. I made 

observations at 22 RSs during 15 April - 2 August 1990. I 

abandoned one site due to inadvertent disturbance by Bedouin 

herders; data from this site prior to the disturbance are 

included. 

Visit length during adult visits 

Visits by adults were divided into delivery visits, other 

visits by known breeding adults, and visits by adults of 

unknown breeding status. Nest surveys suggested that I 

recognized 1/3-2/3 of the breeding adults in either year, so 

adults of unknown breeding status were a mix of breeding and 

nonbreeding adults. 

I ranked visit types from potentially least constrained 

to potentially most constrained energetically; unknown 

adults were ranked 1, breeding adults not making deliveries 

were ranked 2, and delivery visits were ranked 3. Rank was 

significantly correlated with visit length at the IFS and 

RSs (Table 3.1). Ranking was not correlated to visit length 

at the RFS; three of ten nondelivery visits by breeding 

adults were unusually long. within visit types, visits by 

unknown adults were longest at the IFS, and visits by 

breeding adults were shortest (Table 3.1). Flock size and 

proportion of flock feeding were included in early models 
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Table 3.1. Visit length (min) and proportion of visit spent feeding as a 
function of breeding status and food delivery behavior of adult Egyptian 
vultures. Visits to three lcinds of feeding sites in the Negev desert, 
Israel during May-August 1989 (RFS, IFS) and 1990 (IFS, RSs) were 
analysed (RFS: single site stocked daily with 10 kg food; IFS: single 
site stocked biweekly with >50 kg food; RSs: random sites stocked once 
with 5 kg food). Numbers of visits are shown in parentheses. R3 
measures correlation between potential energetic constraints (coded 1 
for adults of unknown breeding status leaving without food, 2 for 
breeding adults leaving without food and 3 for breeding adults leaving 
with food) and visit length or proportion of visit spent feeding. R3 
values for proportion of visit spent feeding are partial R3s for models 
including a covariate to control proportion of flock feeding. Letters 
indicate significant groupings of sites within visit types by sequential 
Bonferroni tests (Holm 1979). 

Unknown Breeding Breeding 
adults adults adults 
leaving leaving leaving 

Variable Site w/o food w/o food with food R3 P 

Visit RFS 43.2b (25) 66.0" (10) 33.2" (21) 0.014 0.389 
length IFS 92.9' (14) 68.5' ( 1) 14. b (25) 0.364 0.001 

RSs 5l.7b (32) 39.6' (29) 31.9' (69) 0.044 0.017 

Prop. RFS 0.52 • (21) 0.696' (10) 0.689" (21) 0.105 0.008 
feed IFS 0.455' (25) 0.511 ( 1) 0.574" (25) 0.075 0.088 

RSs 0.471' (69) 0.385" (29) 0.623" (69) 0.066 0.003 



but were eliminated because they had no effect on visit 

length. 

Feeding time during visits 
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Factors affecting the proportion of time an individual fed 

during a visit included age, the proportion of feeding birds 

in the rest of the flock, and visit length. Due to an 

interaction among age, proportion of feeding birds and site 

(F=2.78, df=4,488, p=0.0265), separate analyses were 

performed for each site type. 

The proportion of visit time spent feeding increased by 

5-6% for each 10% increase in the median proportion of 

feeding birds in the flock (less the focal bird) during the 

visit (Table 3.2). Proportion of nonfocal birds feeding was 

the best predictor of the proportion of time the focal bird 

spent feeding at all site types, accounting for 65-80% of 

variation explained by the final models (i.e., 20-28% of 

total variation at a site). 

Breeding adults spent more time feeding than nonadults 

at all three site types, and more time feeding than adults 

of unknown breeding status at the RFS and IFS (Table 3.2). 

Differences between unknown adults and nonadults were not 

significant at any site type (Table 3.2). 

Birds at the IFS showed a decrease of 1% in the 

proportion of the visit spent feeding for each 10 minutes 

that visit length increased (Table 3.2); in longer visits a 
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Table 3.2. Regression parameters for variables affecting the proportion 
of an Egyptian vulture visit spent feeding. Data were collected at 3 
kinds of feeding sites (RFS: single site stocked daily with about 10 kg 
food; IFS: single site stocked biweekly with >50 kg food; RSs: random 
sites stocked once with about 5 kg food) in the Negev desert, Israel, 
during April-August 1989 (RFS, IFS), and 1990 (IFS, RSs). Independent 
variables were median proportion of non focal birds feeding during visit 
(MPRF), bout length (BOUTL) (min), and age/breeding status 
(nonadult/adult, status unknown/breeding adult). MSM indicates mean 
squared difference explained by final model; MSE indicates mean squared 
error. Part B shows least squares means for proportion of time spent 
feeding by the age/breeding classes at the three sites, and the results 
of pairwise T-tests. Asterisks indicate which comparisons are 
significant by sequential Bonferroni correction (Holm 1979). Least 
squares means cannot be compared between sites as different covariate 
values at used for each site. 

A) 
MSM MSE 

MPRF BOUTL AGElBR (df) (df) P R2 

RFS estimate 0.584 not shown 1. 374 0.038 0.0001 0.314 
stderr 0.063 used below (3 ) (237) 
P 0.0001 0.0001 

IFS estimate 0.534 -0.0007 shown 0.064 0.044 0.0001 0.294 
stderr 0.091 0.0003 below (4) (141) 
P 0.0001 0.0427 0.014 

RSs estimate 0.563 not shown 0.760 0.041 0.0001 0.354 
stderr 0.098 used below (3 ) (104) 
P 0.0001 0.0058 

B) 
LS MeanslStdErrlN 

non unk breeding Probabilities for T-tests 
adults adults adults 

(A) (B) (e) A-B A-e B-e 

RFS 0.482 0.527 0.657 0.1489 0.0001* 0.0001* 
0.025 0.018 0.024 

60 114 67 

IFS 0.390 0.430 0.535 0.3298 0.0043* 0.0219* 
0.032 0.026 0.036 

43 67 36 

RSs 0.308 0.415 0.453 0.0758 0.0021* 0.5445 
0.027 0.053 0.037 

57 15 33 
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larger proportion of time was spent in nonfeeding activities 

such as waiting for access to food, preening or resting. 

Visit length did not explain significant variation in 

proportion of visit spent feeding at the RFS or RSs (Table 

3.2). Median flock size was included in the original model, 

but was eliminated in each case. 

Because of differences in the final models, it was not 

possible to statistically compare proportions of visit time 

spent feeding among the three site types. The RFS and RSs 

did share the same model and Egyptian vultures at the RFS 

spent more of their visits feeding than did vultures at RSs 

(F=-11.05, df=1,344, p=O.0010). Over a range of covariate 

values, birds at the RFS and IFS were predicted to spend a 

larger proportion of ,time feeding than birds at RSs (Table 

3.3). Predicted IFS values were slightly greater than RFS 

values for visit lengths shorter than an hour, and less than 

RFS values for longer visits. 

Feeding during adult visits. Potential energetic 

constraints were significantly correlated with proportion of 

feeding during visits at the RFS and RSs; the correlation 

was not significant at the IFS (Table 3.1). Flock size and 

median proportion of flock feeding during visits were 

included in early analyses but were removed because they had 

no significant effects on feeding. 
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Table 3.3. Linear model predictions of proportion of time 
Egyptian vultures spend feeding during a visit, as a 
function of type of feeding site, age/breeding status, 
proportion of flock feeding (focal bird excepted) (MPRF) and 
bout length (min; IFS only) (BOUTL). Feeding sites were a 
single site stocked daily with about 10 kg food (RFS), a 
single site stocked biweekly with >50 kg food (IFS)m and 22 
randomly-located sites stocked once with about 5 kg food), 
all in the Negev desert, Israel. Data were collected May
August 1989 (RFS, IFS), and 1990 (IFS, RSs). 

site MPRF 

RFS 0.1 
0.3 
0.5 

IFS 0.1 

0.3 

0.5 

RSs 0.1 
0.3 
0.5 

BOUTL 

15 
60 

105 
15 
60 

105 
15 
60 

105 

nonadult 

0.2617 
0.3785 
0.4953 

0.2975 
0.2661 
0.2347 
0.4043 
0.3729 
0.3415 
0.5111 
0.4797 
0.4483 

0.1642 
0.2769 
0.3895 

unknown breeding 
adult adult 

0.3065 0.4365 
0.4233 0.5533 
0.5401 0.6701 

0.3376 0.4420 
0.3062 0.4106 
0.2748 0.3792 
0.4444 0.5488 
0.413 0.5174 
0.3816 0.486 
0.5512 0.6556 
0.5198 0.6242 
0.4884 0.5928 

0.2703 0.3090 
0.3829 0.4217 
0.4956 0.5343 
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Vigilance 

Birds that lifted their heads from feeding, looked around, 

and then resumed feeding, were scored as vigilant during the 

nonfeeding interlude. Birds that walked away from carcasses 

or preened were scored as nonfeeding, rather than as 

vigilant. 

vigilance patterns varied by flock size, site and age 

class; these variables explained 43% of the variability in 

vigilance during 60-sec observations (F=54.51, df=29,2138, 

p=O.OOOl; vigilance and flock size were log transformed). 

Age was not significant as a main effect (p=O.2395), and 

flock size and site accounted for 41% of variance (F=291.63, 

df=5,2139, p=O.OOOl), so age was dropped from the final 

model. By site, flock size accounted for 4.5% of variation 

at the IFS, 19.4% of variation at the RFS and 35.0% of 

variation at RSs. 

Vigilance was least at the IFS, at all flock sizes 

(compared to RFS: t=-7.4305, nRFS=603, n1FS=833, p=O.OOOl; 

compared to RSs: t=-5.3418, nRs=703, n1FS=833, p=O.OOOl), and 

was barely significantly affected by changes in flock size 

(p=O.0489), declining less than 3% for each doubling of 

flock size. The flock size and age model predicted higher 

vigilance at RSs than at the RFS at flock sizes smaller than 

8, and lower vigilance at the RFS at larger flock sizes. 

Vigilance at RSs declined by 33% for each doubling of flock 
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size (p=O.OOOl)i vigilance at the RFS declined by 24% for 

each doubling of flock size (p=O.OOOl). Model predictions 

of seconds of vigilance/60 sec observation, at flock sizes 

of 4 and 32, were IFS: 3.36, 3.13; RSs: 6.8, 2.05; RFS: 

6.113, 2.649. 

Aggression 

Behaviors scored as aggression ranged from displacements 

(one bird giving ground to another) to active defense of 

food using bill and wing strikes. 

Encounters. Probabilities of aggression were analysed 

using i-min focal observations from May-August, taken when 

at least two birds were present. Fewer than half the focal 

observations at each site included aggressive incidents 

(RFS: 47.6%, IFS: 30.1%, RSs: 25.9%). Age and the logarithm 

of flock size significantly affected the probability of 

aggression (Table 3.4) (X 2=134.55, df=6, p=O.OOl). Model 

results showed that probability of aggression during a i-min 

period increased by 23% with each increase in ageclass from 

juvenile to adult. Information about breeding status did 

not improve results. 

The effect of flock size varied among sites (X2=7.298, 

df=2, p=O.0260). Doubling the flock size increased the 

probability of aggression by 53% at the RFS, 19% at the IFS, 

and 67% at RSs. 
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Table 3.4. Mean number of aggressive encounters (aggr) during 1-min 
focal observations of Egyptian vultures. Data were collected at three 
feeding situations (RFS: single site stocked daily with about 10 kg 
food; IFS: single site stocked approximately biweekly with >50 kg food; 
RSs: random sites stocked once with about 5 kg food) in the Negev 
desert, Israel, during May-August 1989 (RFS, IFS), and 1990 (IFS, RSs). 
Because flock size also affected the probability of aggressive 
encounters, average flock size (flock) is also shown; numbers of 1-min 
observations are in parentheses. 

Age Class 

Juvenile 

Immature 

Subadult 

Adult 

IFS 
aggr-ilock 

0.43 22.86 
(174) 

0.38 24.41 
(152) 

0.48 25.64 
(276) 

0.71 24.26 
(231) 

RFS 
aggr-ilock 

0.77 16.74 
(103) 

0.70 15.35 
( 83) 

0.91 14.15 
(178) 

0.97 13.78 
(237) 

RSe 
aggr-ilock 

0.23 4.36 
(136) 

0.71 3.29 
( 14) 

0.35 4.31 
( 71) 

0.53 4.12 
(156) 
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Wins. The number of wins (successful defense or 

acquisition of food or position) occurring during 

observations that included aggressive encounters increased 

with age at all sites (Table 3.5). Information on adult 

breeding status significantly improved the original model at 

the RFS (X2=11.923, df=l, p<O.0006, percent of variation 

explained: 8.46) and at the IFS (X2=12.826, df=l, p=O.0003, 

percent of variation explained: 2.40), but not at RSs 

(X2=0.001, df=l, p=0.9748, percent of variation with 

original four ageclasses: 8.74%). Breeding adults at the 

RFS won 14% more encounters than adults of unknown breeding 

status; at the IFS breeding adults won 29% more encounters 

than unknown adults. 

Number of wins tended to increase with increasing flock 

size, as aggression did, but the effect was not significant 

(X 2 =5.591, d.f.=3, p=0.133). 
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Table 3.5. Results of Poisson regression on factors affecting the number 
of wins observed during 1-min focal observations of Egyptian vultures 
experiencing at least one aggressive encounter during the observation. 
Data were collected at three feeding situations (RFS: single site 
stocked daily with about 10 kg food~ IFS: single site stocked 
approximately biweekly with >50 kg food~ RSs: random sites stocked once 
with about 5 kg food) in the Negev desert, Israel, during May-August 
1989 (RFS, IFS), and 1990 (IFS, RSs). Part B gives mean number of wins 
observed and sample sizes for the ageclass-site combinations (variances 
of Poisson-distributed variables are equal to their means). The model 
accounted for 6.29 of observed variation (X 2 =95.940, df=5, n=634 obs, 
p<O.OOl). 

Factors Incidence rate std. err. 
categories ratios (IRR} of IRR Z 12 

Ratio of wins 
Age class to adult wins 

Juvenile 0.348 0.056 -6.574 0.0001 
Immature 0.485 0.082 -4.292 0.0001 
Subadult 0.51 0.059 -5.859 0.0001 

Ratio of wins 
site type to wins at IFS 

RFS 1.326 0.138 2.704 0.007 
RSs 1.503 0.200 3.058 0.002 

B) 

Mean wins/60-sec focal observation 

Age class IFS RFS RSs Total 

Juvenile 0.37 0.335 0.542 0.392 
(46) (44) (24) ( 114) 

Immature 0.473 0.544 0.750 0.526 
(37) (34) ( 6) ( 77) 

Subadult 0.528 0.619 0.412 0.561 
(79) (88) (17) (184) 

Adult 0.823 1.258 1.438 1.141 
(89) (122) (48) (259) 

Combined 0.596 0.838 0.984 
(288) (251) (95) (634) 
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DISCUSSION 

Length of adult visits - effect of breeding status 

sites differed substantially in the degree to which breeding 

status and food delivery affected visit length. The 

strongest effect occurred at the IFS, which had the highest 

levels of disturbance, competition, and variability in 

proportion of Egyptian vultures feeding (see Chpt. 1 for 

disturbances at RSs, Chpt. 2 for IFS and RFS) , but also the 

largest amounts of food. Delivery visits were shortest at 

the IFS, and visits by adults of unknown breeding status 

were longest. Large carcasses at the IFS were not defensible 

by Egyptian vultures, and had sufficient food to permit 

adults to gather a beakful of food in only one or two pecks. 

But access was unpredictable; breeding adults often grabbed 

a beakful of food and left as soon as food became available, 

rather than feeding for a time before taking food to the 

nest, as commonly occurred at the RFS and RSs. Adults also 

were observed to return to the IFS only to grab another 

beakful and leave almost immediately. 

Reduced and variable food accessibility caused adults 

to favor feeding young over feeding themselves, leading to 

short delivery visits. If they were displaced by other 

scavenging species while feeding, adults risked having no 

food for their young, as they do not feed by regurgitation. 

In contrast, birds needing to forage for themselves did not 



leave when food became available, and their longer visits 

reflect the generally lower access to food at the IFS. 
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In comparison to the IFS, RSs had low levels of 

competition and disturbance (Chapt. 1), and food lasted 

longer because flock sizes were smaller. Ready access and 

longer availability meant that adults had low risk of losing 

access to food if they fed for themselves before gathering 

food to take to the nest. In addition, because of the 

openness of the study area, adults feeding alone (a common 

occurrence) risked attracting conspecifics when they flew 

up. Birds flying with food were easily detected at long 

distances; in addition to the food in their beaks, their 

flight was heavy, with fewer and shorter glides than usual. 

Since a bird in flight could be seen by more competitors 

than one on the ground, adults feeding alone probably 

maximized their share of the carcasses by feeding before 

flying off with food. 

The RFS had intermediate levels of disturbance and food 

availability, but Egyptian vultures were seldom excluded 

from food (Chpt. 1). While food was available for only a 

few hours each day, access was predictable and lengths of 

delivery visits and visits by unknown adults were similar to 

lengths at the RSs. Nondelivery visits by breeding adults 

were unusually long, possibly the result of small sample 

size. 
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Proportion of visit spent feeding 

Flock behavior, represented by the median proportion of 

feeding birds in the flock, was the best predictor of 

proportion of feeding behavior during visits at all site 

types. Most Egyptian vultures at a feeding site at anyone 

time were feeding or waiting to feed, so this result is 

unremarkable. If feeding sites were consistently used for a 

greater variety of behaviors (e.g., roosting, courtship), 

then group behavior would not predict individual behavior so 

significantly and consistently. 

site effects on proportion of time spent feeding may 

have been related to Egyptian vulture familiarity with the 

sites. Birds fed at the RFS and IFS throughout a season, 

but only for 1-3 days at RSs. Proportionally, birds spent 

the least time feeding at RSs. Lack of familiarity with a 

feeding site has been shown to cause birds to increase 

vigilance at the expense of feeding (Desportes et ale 1991). 

At all sites, breeding adults spent the greatest 

proportion of time feeding. Breeding Egyptian vultures had 

less foraging time available to them than nonbreeders 

because they spent time incubating and caring for young 

(responsibilities shared among the sexes). When 

provisioning young, they also needed more food than 

nonbreeders. Food was probably never limiting in the area, 

but it was not superabundant and adults' additional time 



constraints and increased food needs resulted in more 

intensive feeding. 
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Feeding tended to be most concentrated during delivery 

visits. This was at least partly an artifact of differences 

in whether birds stayed at feeding sites after feeding. 

Adults with beaks full of food left feeding sites, rather 

than staying on site after feeding as other birds often did. 

The overall proportion of the visit spent feeding was 

therefore likely to be higher during delivery visits. This 

effect was least noticeable at the IFS where lower and less 

predictable access to food increased the length and 

variability of time adults had to wait before feeding. 

vigilance 

Vigilance behavior has been shown to reduce risk from harm 

(e.g., Krause 1993, Cresswell 1994b) and also to reduce risk 

of losing access to food to competitors (e.g., Knight and 

Skagen 1988). Death and injury in vultures have only rarely 

been reported to occur at carcasses (e.g., from attacks by 

mammalian scavengers), and no injury or death of Egyptian 

vultures was observed during this study. Lack of observed 

harm does not connote safety, however (Lima and Dill 1990), 

and in the absence of vigilant behavior, predation or injury 

would almost certainly have occurred. Nevertheless, risk 

of predation was apparently not the main motivation for 

group foraging (Chpt. 1). 
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Vigilant behavior may also have allowed individuals to 

retain access to food. Among eagles, individuals that had 

their heads up when approached by pirating conspecifics 

retained food more often than those that were not vigilant, 

possibly because they were able to communicate their own 

motivational state and detect the motivational state of the 

conspecific (Knight and Skagen 1988). Egyptian vultures may 

have used vigilance to similar advantage. While age decided 

the outcome of Egyptian vulture contests wherein one bird 

displaced another from food, age did not affect the outcome 

when access to food was retained, or both birds fed after 

the contest (Chpt 1). Motivation was probably important in 

these instances, and vigilance allowed the opportunity to 

demonstrate motivation. 

Egyptian vultures were usually the only animals feeding 

at the RFS and RSs, and vigilance at those sites was 

strongly and similarly related to flock size. Many studies 

of group foragers have shown similar relationships (e.g., 

Kenward 1978, Bertram 1980, Hogstad 1988) or have 

demonstrated theoretically that individual safety is 

maintained by reducing vigilance as group size increases 

(Lima 1995, reviews in Elgar 1989, McNamara and Houston 

1992) • 

Vigilance at the IFS was much more weakly related to 

flock size than at other sites. Egyptian vultures at the 
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IFS were more often at risk from nonconspecifics than at 

other sites. Griffon vultures were often present at the 

site, and wolves and hyenas were not uncommon. Wolves and 

hyenas were potential predators. While griffon vultures 

probably would not attack Egyptian vultures to feed on them, 

they occasionally trampled Egyptian vultures during 

intraspecific squabbles at food. In addition, griffon 

vulture behavior most often reduced food availability for 

Egyptian vultures. Given the potential risk from other 

scavengers, and their importance in determining food 

availability, flock sizes of Egyptian vultures at the IFS 

did not represent the major source of harm or information on 

food availability, and thus were unrelated to vigilance. 

Information on whether Egyptian vultures were feeding 

from dispersed, low quality food sources or from opened 

carcasses might have improved prediction of vigilance. 

Lower food quality and more dispersed food would result in 

lower levels of intraspecific competition and would further 

reduce the link between Egyptian vulture flock sizes and 

vigilance. 

Aggression 

Aggression has been observed to increase with increasing 

group size (e.g., Caraco 1979, Saino 1994); the effect has 

tentatively been ascribed to increasing bird density. This 

explanation fit results from this study. At RSs and the 
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RFS, increasing flock size resulted in increased density 

because more birds were trying to feed from a few, small 

carcasses. At these sites, the probability of aggression 

increased more rapidly with increasing flock size than at 

the IFS. Feeding birds were more dispersed at the IFS, even 

at large flock sizes, because they were feeding on larger 

carcasses and because individuals also foraged from the 

ground, for scraps and perhaps beetles. 

Levels of aggression and dominance often increase with 

age (e.g., Craig et al. 1982, Barkan et al. 1986, Hogstad 

1989, Cresswell 1994a, McDonough 1994). Increased energetic 

constraints resulting from breeding only explain adult 

dominance over subadults. I observed increasing dominance 

with age among nonadults as well. Whereas older birds had 

more experience in the area, the fixed feeding sites were 

used repeatedly by all age classes and were surely familiar 

to most of the population. Furthermore, species that feed 

on patchy resources should not require extensive 

familiarization with particular feeding sites. 

Developmental changes may account for the gradation in 

dominance I observed among nonbreeding age classes 

(Groothuis and Van Mulekom 1991). 

Results from this study may underestimate aggression at 

the IFS. As with vigilance, aggression was difficult to 

measure during "feeding frenzies." While these were 
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most important feeding periods at the IFS because they 
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occurred at carcasses that still had lots of food; in this 

context, aggression was in defense of a position at the 

carcass, not in defense of the carcass. Unfortunately, 

during intense feeding, birds tended to crowd together and 

move rapidly, and they were often obscured by the carcass 

when they lowered their heads to feed. Usually birds fed 

from scraps, carcasses already cleaned by griffon vultures, 

or picked at unopened carcasses and beetles. These 

substrates were relatively scattered and uncontested; birds 

feeding on them were readily observed. 

synthesis: differences in individual vs. group determination 
of behavior among sites 

Flock size predicted most of the variation in feeding time 

during visits, and most of the variation in vigilance, but 

these effects were modified by site familiarity. Lack of 

familiarity with the sites apparently caused Egyptian 

vultures at the RSs to spend a smaller proportion of their 

visits feeding than at other sites. Small flock sizes at 

the RSs, with concomitant high vigilance rates, accounted 

for some of decrease in feeding, but vigilance increased 

more sharply with decreasing flock size than at other, 

familiar sites. 
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Effects of site differences in food predictability 

(both timing and accessibility) and quantity were most 

readily seen at the IFS. Adults did not feed preferentially 

at the IFS, and proportions of younger birds increased, 

probably because food could not be monopolized (Chpt 2). 

This result was reflected in a decrease in aggression at the 

IFS. Large amounts of food and low defensibility of food 

also permitted breeding adults to make short visits when 

taking food to the nest. Such visits were necessitated by 

lower predictability of access due to large flock sizes of 

conspecifics and many interspecific competitors. In 

addition, disturbance from other species and more dispersed 

feeding eliminated the relationship between flock size and 

vigilance at the IFS, and introduced an effect of bout 

length on proportion of time spent feeding. 

In contrast, the lower level of competition and 

disturbance at the RSs permitted breeding adults to feed for 

themselves before taking food to the nest. Scarcity of 

other species at the RSs and RFS also resulted in more usual 

relationships between flock size and vigilance. 

Overall, the importance of group feeding in determining 

individual feeding was the only group determinant of 

individual behavior to remain virtually constant among 

sites, and its strength was due to probability theory and 

the unsurprising fact that Egyptian vultures tend to feed 
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where there is food. Among individual characteristics, age 

classes had the same relative probabilities of aggressive 

encounters at all sites. But effects of age and breeding 

status on dominance and proportion of time spent feeding, 

and effects of group size on vigilance and aggression were 

all modified by site characteristics - chiefly perceived 

physical risk (due to unfamiliar surroundings or other 

competitors), food dispersion, and food availability. 



Literature cited 

Altmann, J. 1974. Observation study of behavior: sampling 
methods. Behaviour 49:227-265. 

Appleby, M.C. competition in a red deer stag social grou: 
rank, age and r~latedness of opponents. Anim. Behav. 
31:913-918. 

Bachman, G.C. 1993. The effect of body condition on the 
trade-off between vigilance and foraging in Belding's 
ground squirrels. Anim. Behav. 46:233-244. 

140 

Barkan, C.P.L. 1990. A field test of risk-sensitive foraging 
in black-capped chickadees (Parus atricapillus). Ecology 
71:3919-400. 

Barkan, C.P.L., J.L. Craig, S.D. Strahl, A.M. stewart, and 
J.L. Brown. 1986. social dominance in communal Mexican 
jays Aphelocoma ultramarina. Anim. Behav. 34:175-187. 

Barnard, C.J., and C.A.J. Brown. 1985. competition affects 
risk-sensitivity in foraging shrews. Behav. Ecol. 
Sociobiol. 16:379-382. 

Bertram, B.C.R. 1980. Vigilance and group size in ostriches. 
Anim. Behav. 28:278-286. 

Caraco, T. 1979. Time budgeting and group size. Ecology 
60:611-617. 

Caraco, T., S. Martindale, and H.R. Pulliam. 1980. Avian 
flocking in the presence of a predator. Nature 285:400-
401. 

Clark, C.W., and M. Mangel. 1984. Foraging and flocking 
strategies: information in an uncertain environment. Am. 
Nat. 123:626-641. 

Clark, C.W., and M. Mangel. 1986. The evolutionary 
advantages of group foraging. Theor. Pop. BioI. 30: 45-75. 

Colagross, A.M.L., and A. Cockburn. 1993. vigilance and 
grouping in the eastern grey kangaroo, Macropus 
giganteus. Aust. J. Zool. 41:325-334. 

craig, J.L., A.M. Stewart, and J.L. Brown. 1982. Subordinate 
must wait. Z. Tierpsychol. 60:275-280. 



141 

Cramp, S. 1980. Handbook of the birds of Europe, the Middle 
East and North Africa: the birds of the western 
Pa1earctic, vol. 2. Oxford University Press, Oxford, 
England. 

Cresswell, W. 1994a. Age-dependent choice of redshank 
(Tringa totanus) feeding location: profitability or risk? 
Jl. Anim. Eco1. 63:589-600. 

Cresswell, W. 1994b. Flocking is an effective anti-predation 
strategy in redshanks, Tringa totanus. Anim. Behav. 
47:433-442. 

Danin, A. 1983. Desert vegetation of Israel and sinai. Cana 
Publishing House, Jerusalem, Israel. 

Desportes, J.-P., A. Gallo, and F. Cezil1y. 1991. Effet de 
la familiarisation avec l'environnement sur 1e 
comportement de vigilance de la tourterelle rieuse 
Streptope1ia risoria. Behavioural Processes 24:177-183. 

Elgar, M.A. 1989. Predator vigilance and group size in 
mammals and birds: a critical review of the empirical 
evidence. Bio1. Rev. 64:13-33. 

Evenari, M., L. Shanan, and N. Tadmor. 1982. The Negev: the 
challenge of the desert, 2nd ed. Harvard University Press, 
Cambridge, MA. 

Frumkin, R. 1986. The status of breeding raptors in the 
Israeli deserts, 1980-1985. Sandgrouse 8:42-57. 

Groothuis, T., and L. Van Mu1ekom. 1991. The influence of 
social experience on the ontogenetic change in the 
relation between aggression, fear and display behaviour in 
black-headed gulls. Anim. Behav. 42:837-881. 

Hogstad, O. 1989. Subordination in mixed-age bird flocks -
a removal study. Ibis 131;128-134. 

Holbrook, S.J., and R.J. Schmitt. 1988. The combined effects 
of predation risk and food reward on patch selection. 
Ecology 69:125-134. 

Holm, S. 1979. A sequentially rejective multiple test 
procedure. Scand. J. Stat. 6:65-70. 



142 

Houston, A.I., J.M. McNamara, and J.M.C. Hutchinson. 1993. 
General results concerning the trade-off between gaining 
energy and avoiding predation. Phil. Trans. Royal Soc. 
London B 341:375-397. 

Kenward, R.E. 1978. Hawks and doves: factors affecting 
success and selection in goshawk attacks on woodpigeons. 
J. Anim. Ecol 47:449-460. 

Knight, R.L., and S.K. Skagen. 1988. Agonistic asymmetries 
and the foraging ecology of bald eagles. Ecology 69:1188-
1194. 

Krause, J. 1993. The effect of 'Schreckstoff' on the 
shoaling behaviour of the minnow: a test of Hamilton's 
selfish herd theory. Anim. Behav. 45:1019-1024. 

Lima, S.L. 1992. Vigilance and foraging substrate: anti
predatory consideration in a non-standard environment. 
Behav. Ecol. Sociobiol. 30:283-289. 

Lima, S.L. 1995. Back to the basics of anti-predatory 
vigilance: the group-size effect. Anim. Behav. 49:11-20. 

Lima, S.L. and L.M. Dill. 1990. Behavioral decisions made 
under the risk of predation: a review and prospectus. Can. 
J. Zool. 68:619-640. 

Magurran, A.E., Oulton, W.J., and T.J. Pitcher. 1985. 
Vigilant behaviour and shoal size in minnows. Z. 
Tierpschol. 67: 167-178. 

Marzluff, J.M., and B. Heinrich. 1991. Foraging by common 
ravens in the presence and absence of territory holders: 
an experimental analysis of social foraging. Anim. Behav. 
42:755-770. 

McDonough, C.M. 1994. Determinants of aggression in nine
banded armadillos. J. Mamm. 75:189-198. 

McNamara, J.M., and A.I. Houston. 1992. Evolutionarily 
stable levels of vigilance as a function of group size. 
Anim. Behav. 43:641-658. 

Milinski, M. 1982. optimal foraging: the influence of 
intraspecific competition on diet selection. Behav. Ecol. 
sociobiol. 11:109-115. 



Monaghan, P., and N.B. Metcalfe. 1985. Group foraging in 
wild brown hares: effects 'of resource distribution and 
social status. Anim. Behav. 33:993-999. 

143 

Morgan, M.J. 1988. The influence of hunger, shoal size and 
predator presence on foraging in bluntnose minnows. Anim. 
Behav. 36:1317-1322. 

Mundy, P.J., D. Butchart, J.A. Ledger, and S.E. piper. 1992. 
The vultures of Africa. Acorn Books CC and Russel Friedman 
Books CC, South Africa. 

Pulliam, H.R. 1973. On the advantages of flocking. J. Theor. 
BioI. 38:419-422. 

Real, L. and T. Caraco. 1986. Risk and foraging in 
stochastic environments. Ann. Rev. Ecol. Syst. 17:371-390. 

Risenhoover, K.L., and J.A. Bailey. 1985. Relationships 
between group size, feeding time, and agonistic behavior 
of mountain goats. Can. J. Zool. 63:2501-2506. 

saino, N. 1994. Time budget variation in relation to flock 
size in carion crows, Corvus carone corone. Anim. Behav. 
47:1189-1196. 

Stephens, D.W., and J.R. Krebs. 1986. Foraging theory. 
Princeton university Press, Princeton, NJ. 

Terrasse, M. 1988. Reintroduction du vautour fauve dans les 
Grands Causses et renforcement de population du vautour 
percnoptAre. colloqium "Reintroductions d'especes 
animales", saint-Jean du Gard, France, December 1988. 
Fonds d'Intervention pour les Rapaces, st. Cloud, France. 

Theimer, T.C. 1987. The effect of seed dispersion on the 
foraging success of dominant and subordinate dark-eyed 
juncos, Junco hyemalis). Anim. Behav. 35:1883-1890. 



144 

CONCLUSION 

Observations at large and small carcasses suggested that 

Egyptian vultures are facultative social foragers, foraging 

in groups at predictable or large food supplies, or at small 

carcasses when these happen to attract many birds before 

they are consumed. In general, small carcasses were 

sufficiently cryptic, and were eaten sufficiently rapidly, 

that large flocks of Egyptian vultures rarely gathered to 

feed at them; individual birds did not recruit conspecifics 

to carcasses. 

Egyptian vultures were the major avian scavengers 

feeding on small carcasses, whether these were randomly 

placed or delivered daily to a fixed site. Mammalian 

scavengers rarely fed during the day from randomly-placed 

small carcasses, but foxes fed regularly from a site stocked 

daily with small carcasses. 

At large carcasses stocked approximately twice monthly 

at a fixed site, griffon vultures and mammalian scavengers 

(mainly at night) ate the majority of food. Egyptian 

vultures ate from intact carcasses or parts of carcasses 

when griffon vultures were absent, or before griffon 

vultures approached carcasses to feed. Egyptian vultures 

also picked scraps from the ground while griffon vultures 

were feeding and from the abandoned skin and bones left by 
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griffon vultures; they may also have fed on beetles around 

the carcasses. 

Adult Egyptian vultures dominated feeding situations in 

several respects. Adults, especially breeding individuals, 

located a higher proportion of randomly-placed, small 

carcasses than would be predicted by their relative numbers 

in the population. Under all feeding regimes they fed more 

intensively than nonadults and dominated them in aggressive 

encounters. At the site stocked daily, they fed in higher 

proportion than their presence suggested, at least in part 

because food items were small enough to defend aggressively. 

At large carcasses, the carcasses were too large to defend 

effectively, and scattered scraps and insects were too 

diffuse and too small to defend effectively. Thus, age 

classes fed in relation to their proportion in flocks at 

large carcasses. 

Higher levels of competition and disturbance at the 

large-carcass site altered several aspects of Egyptian 

vulture foraging as observed at small-carcass sites where 

disturbance and competition were rarer. Vigilance levels at 

small-carcass sites were related to flock size, in agreement 

with other observations and theories that show that 

individuals in flocks can reduce vigilance, while 

maintaining safety, by sharing the cost of vigilance. But 

at the large-carcass site, food availability was more 
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dependent on griffon vulture behavior than Egyptian vulture 

behavior, and griffon vultures, Negev wolves and hyenas 

presented an additional threat of physical harm. As a 

result, vigilance was unrelated to Egyptian vulture flock 

size. 

Unpredictable and reduced access to food at the large

carcass site caused breeding adults to switch from feeding 

themselves before making a food delivery to the nest (as 

they did at small-carcass sites) to making short visits 

during which they gathered food and left immediately for the 

nest, placing their highest priority on feeding young. 

Among all age classes, visits to the large-carcass site 

reflected the frequent need to wait for access to food -

during longer visits, birds spent less time feeding. At 

small carcass sites, the proportion of time spent feeding 

was constant with respect to visit length. 

Egyptian vultures demonstrated a high degree of 

behavioral plasticity during this study. They fed from a 

wide range of carcass sizes, and in groups of widely-ranging 

size. They are adapted for feeding on scraps and small 

items, but they foraged from largely intact, skinned 

carcasses when possible. In contrast, among other Old World 

vultures, griffon vultures feed almost exclusively from 

large carcasses, and as a result, in large groups; lappet-
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faced and white-headed vultures feed almost exclusively in 

small numbers at carcasses of various sizes. 

Managers can take advantage of this behavioral 

plasticity when stocking supplemental feeding sites. By 

skinning and jointing large carcasses they can permit large 

and small vultures to feed together. If only one species 

needs additional food, intact large carcasses with limited 

skinning will favor large species, whereas small carcasses 

will favor small species. Adult domination of food can 

partially be regulated by the number and dispersion of food 

items. 


