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Summary. When Thomson's gazelles (Gazella thomsoni) 
detect stalking predators, such as cheetahs (Acinonyx ju- 
batus) and lions (Panthera leo), they often approach and 

follow the predator for up to 72 min (average 14 rain). 
Coursing predators are rarely approached. Gazelle 

groups were more likely to approach cheetahs if the 
groups were larger, if the vegetation was low, or if the 
cheetahs came closer to the group. Immature gazelles 
were more likely to approach than adults, and a higher 
proportion of group members participated in inspection 
behaviour in small groups than in large ones. Gazelles 
approached closer in less risky situations: if they were in 
larger groups or if the vegetation was low. Inspection 
behaviour caused cheetahs to move further between rests 

and between hunting attempts. Approaching cheetahs 
was risky, particularly for younger gazelles (probability 
of being killed while inspecting a cheetah was 1 in 5000 
approaches for adults and 1 in 417 approaches for half- 

grown/adolescent gazelles), and the risks were higher 
than monitoring cheetahs from a distance. The time costs 

of predator inspection were also considerable (less than 
4.2% of daylight time budget), suggesting that the bene- 
fits must be substantial to offset these costs. The results 
suggested that inspection behaviour was multifunctional, 
causing stalking predators to move out of the vicinity, 
enabling gazelles to monitor the predators' movements, 
and providing an opportunity, particularly for younger 
animals, to learn about predators. By approaching, 
gazelles also inform predators that they have been detect- 
ed and alert other gazelles to the predators' presence. 
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Introduction 

Many prey animals, from a wide range of taxa, approach 
and follow predators, particularly when they are first en- 
countered (see Curio 1978 for a review). Such behaviour, 

called predator inspection, mobbing, fascination or in- 

vestigative behaviour depending on the circumstances, 
appears paradoxical. Rather than fleeing from approach- 
ing predators, individual prey reduce the distance be- 

tween themselves and the predator, apparently increas- 
ing their chances of being attacked (Curio and Regel- 
mann 1985, 1986; Dugatkin 1992). Since approaching 
predators is also costly, both energetically and in terms of 
lost opportunities for feeding and obtaining mates, par- 
ticipants are thought to benefit from a reduced risk of 
predation for themselves or their relatives. While a num- 

ber of possible functions of approach behaviour have 
been proposed, such as deterring the predator from fur- 
ther attacks, gathering additional information, and warn- 
ing other group members that a predator is present, few 

studies have attempted to distinguish between them (see 
Curio 1978; Dugatkin and Godin 1992 for reviews), 
mainly because of the difficulties of observing the reac- 

tions of predators to approach behaviour in the wild (but 
see Bildstein 1982; Buitron 1983; Ishihara 1987; Pettifor 
1990). Recent studies of predator inspection behaviour 

have often focused on the extent of cooperation between 
inspecting individuals (e.g. Dugatkin 1991), rather than 
the reasons that individuals inspect. Although predator 

inspection behaviour has generally been studied in birds 
and fish, it is widespread in ungulates, and the aim of this 
paper is to determine the costs and benefits of predator 
inspection behaviour for Thomson's gazelles (Gazella 
thomsoni). The costs and benefits are assessed in terms of 
changes in the risk of predation, time lost from other 
essential activities, such as feeding, and energy expendi- 
ture. 

The main benefits that gazelles may derive from 
predator inspection are: 

A. Reducing the current risk of predation. Approaching 
the predator may reduce an individual's probability of 
being attacked, by causing the predator to move on to 
hunt elsewhere (Curio 1978; Bildstein 1982; Shedd 1982; 
Buitron 1983; Pettifor 1990), by confusing the predator, 
particularly if the prey approaches in a saltatory manner 
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and as a member of a group (Hoogland and Sherman 

1976; Curio 1978), by informing the predator that it has 

been detected and that its chances of a successful attack 

are therefore reduced (Harvey and Greenwood 1978; 

Owings and Owings 1979), or by keeping the predator in 

sight, thereby reducing the risk of ambush (Lipetz and 

Bekoff 1980; Schaller 1972). 

B. Acquiring information about the nature of the potential 
threat. Many prey animals live in close proximity to their 

predators and encounter them frequently (e.g. fish, Pitch- 

er 1980). On account of their low motivation to hunt, the 

predators will often pose little threat, rendering extreme 

evasive action by the prey unnecessary. By assessing the 

risk posed by a particular predator, a prey animal could 

modify its behaviour accordingly, and consequently con- 

serve time and energy. Approaching and following 

predators may enable prey animals to gather such infor- 

mation. This has been proposed as an important benefit 

of predator inspection in fish (Csfinyi 1985; Magurran 

and Girling 1986; Pitcher 1986; Licht 1989; Dugatkin 

and Godin 1992), birds (Kruuk 1976; Curio 1978), and 

mammals (Walther 1969; Owings and Coss 1977; 

Robinson 1980; Rowe and Owings 1990). Inexperienced 

gazelles, in particular, may benefit from the opportunity 

to learn about predators in a relatively low-risk situation 

when the predators are out in the open (Altmann 1956; 

Kruuk 1972; Berger 1979). 

C. Informing others of the potential threat. A number of 

studies have shown that individuals that have ap- 

proached predators transmit information about the cur- 

rent threat of predation to conspecifics nearby (Pitcher et 

al. 1986; Magurran and Higham 1988). Usually they 

warn others of the presence of a predator in the vicinity, 

and consequently recruit more individuals to collectively 

approach the threat (Kruuk 1976; Curio 1978; Owings 

and Owings 1979; Tamura 1989). By observing con- 

specifics approaching potential predators, predator- 

naive individuals may also learn to recognise dangerous 

predators and to react to them accordingly (Curio et al. 

1978a, b; Buitron 1983; Bartecki and Heymann 1987). 

Thomson's gazelles in the Serengeti, Tanzania, com- 

monly approach and follow predators, sometimes for as 

long as 72 rain, and usually in large groups (Kruuk and 

Turner 1967; Walther 1969; Kruuk 1972; Schaller 1972). 

By comparing situations when gazelles are more or less 

likely to approach, and determining the effect of inspec- 

tion behaviour on the predator and on the behaviour of 

other gazelles nearby, I test the hypotheses outlined 

above. 

Methods 

Predator inspection behaviour in Thomson's gazelles is defined here 
simply as gazelles approaching and following a predator. Although 
a gazelle may approach just once, and then return to feed, it is usual 
for the behaviour to escalate, with many other gazelles being at- 
tracted to the disturbance, sometimes from distances of up to 800 m, 
and the gazelles milling around the predator, usually in a compact 
group (Walther 1969). It is similar to the mobbing behaviour of 

birds but there is no aggression against the predator (Walther 1969). 
Sometimes gazelles will run towards the predator, only turning 
away when 20-30 m from it. Other times they stand in front of the 
predator, only fleeing when it gets too close and then running away 
to watch from behind. Groups of up to 1000 individuals may be 
involved in following the predator at any one time. Gazelles some- 
times emit short snorts while following the predator. 

Thomson's gazelles interacting with four of their main preda- 
tors, cheetahs (Acinonyx jubatus), lions (Pamhera leo), spotted hyae- 
nas (Crocuta crocuta) and wild dogs (Lycaon pictus), were observed 
on the long-, intermediate-, and short-grass plains of the Serengeti 
National Park, Tanzania, between March 1985 and April 1987. I 
collected data only during daylight hours and mainly in response to 
cheetahs, diurnal predators whose main prey are Thomson's 
gazelles. In addition, I noted the reactions of gazelle groups to lions, 
wild dogs and spotted hyaenas opportunistically whenever I saw 
them interacting. These predators can be broadly categorised into 
two groups, coursers and stalkers, based on their main hunting 
technique (FitzGibbon and Fanshawe 1988). Stalkers, such as chee- 
tahs and lions, tend to rely on surprise and very short fast chases for 
their success, while coursers, such as wild dogs and spotted hyaenas, 
tend to rely more on stamina, approaching their prey in full view 
and running them down over long distances. 

Observations were made from a Landrover during daylight 
hours, using 10 x 50 binoculars, and were usually recorded onto 
tape for later transcription to data sheets. I followed cheetahs at a 
distance of 200~400 m and recorded the reactions of gazelle groups 
that detected them, noting whether they approached or simply 
monitored the predators from a distance. I only collected data in 
situations where I thought the cheetah had previously been unde- 
tected by all gazelles within 1 kin, either because it had been lying 
down, had walked out of cover or from over a hill, or because it had 
approached through an area with no gazelles; otherwise the reac- 
tions of the focal group might have been influenced by the be- 
haviour of other groups that had previously followed the cheetah. A 
group was categorised as having inspected if at least one group 
member approached and followed a predator. To measure the dura- 
tion of inspection behaviour, I started a stopwatch when the first 
gazelle approached and stopped it when 50% of the inspecting 
group had returned to feed. 

Whenever I saw a gazelle group inspect a cheetah, I recorded the 
following data: (i) the time of day, categorised as morning (0700- 
1100hours), midday (ll01-1500hours) and afternoon (1501- 
1900 hours); (ii) the height of the vegetation through which the 
cheetah was walking when the first gazelle detected, estimated to 
the nearest 10 cm; (iii) the number of cheetahs [the majority of data 
were collected in response to single cheetahs (73% of cases), but 
data were collected in response to groups of two and three cheetahs 
in 14% and 13% of cases respectively; no data were collected from 
female cheetahs with cubs]; (iv) the cheetah's belly size, categorised 
as follows: 1: thin, 2: intermediate, 3: very full (belly size is a good 
indicator of how recently a cheetah has fed, and therefore its likeli- 
hood of hunting again within the next few hours; cheetahs in groups 
usually have similar belly sizes, so one of the broad categories 
described here could be used to describe the whole group); (v) the 
cheetah's behaviour when it was first detected by a gazelle in the 
focal group, categorised as follows: 1: walking towards the gazelle 
group that detects it, 2: walking parallel to the group, 3: walking 
away, and 4: stalking; (vi) the initial size of the gazelle group (indi- 
viduals were defined as group members if they were within 50 m of 
each other) when the first group member detected the cheetah [de- 
fined as adopting the stare posture (Walther 1969) while looking in 
the cheetah's direction], and again when the group stopped inspect- 
ing or in the case of non-inspecting groups when 50% of group 
members had returned to feed; (vii) the shortest distance between 
the cheetah and the focal group before any group member ap- 
proached, or in cases where no group member approached, the 
shortest distance the cheetah came to the group; (viii) the total 
number of gazelles within 1 km of the cheetah when it was first 
detected, and the percentage of these gazelles which had detected 
the cheetah 10 min after the first gazelle detected; (ix) the distance 



from the cheetah to the nearest gazelle at 1-min intervals during 
predator inspection, estimated to the nearest 5 m if less than 30 m 
and to the nearest 10 m if greater than this; (x) the percentage of 
group members that participated in predator inspection, approxi- 
mately 5 rain after the first gazelle had started to approach; and (xi) 

the age and sex of gazelles in both the part of the group that 
approached and in the part that remained behind. Gazelles were 
divided into five age categories, fawns, half-growns, adolescents, 
subadults and adults, on the basis of external physical characteris- 
tics (Walther 1973). 

To determine whether inspection behaviour affected the move- 
ments of cheetahs, I carried out 23 all-day (daylight only) follows of 
cheetahs, recording the distances they walked and the time between 
rests (i.e. sitting or lying down), whether they were approached or 
not during each move, and the distances between successive hunting 
attempts. Series of moves by individual cheetahs were not indepen- 
dent. Therefore, in the final analysis to determine the effect of in- 
spection behaviour on the distance and duration of moves, I includ- 
ed only the first move recorded during the follow of each cheetah 
when it was/was not being inspected (i.e. two records/cheetah). The 
distances between rests were recorded from the Landrover odome- 
ter to the nearest 100 m, or estimated by eye if less than 200 m. All 
the cheetahs followed had belly sizes 1 or 2. 

From my follows of cheetahs, I knew the average number of 
gazelle groups that approached cheetahs each day, the size of these 
groups, and the average length of time for which they followed the 
cheetah. The approximate size of the gazelle (Campbell et al. 1990) 

and cheetah (Caro 1993) populations in the Serengeti are also 
known, and therefore I could estimate the percentage of an average 
gazelle's daily time budget spent following cheetahs (mean number 
of gazelles that approach a cheetah each day x mean duration of 
approach x number of cheetahs/number of gazelles in ecosystem). 
Gazelles also follow lions, but not having data on the behaviour of 
gazelles in response to these predators, I used the percentage of time 
spent following cheetahs, as calculated above, to calculate the 
amount of time spent following lions, multiplying it by 5.6 to take 
into account the relative size of the cheetah (500) and lion (2800) 
populations (see Caro 1993 for derivation of predator population 
estimates), and by 39/52 because of the differences in the probability 
of groups approaching cheetahs and lions (Table 1). 

Analysis. I used logistic regression models (Cox 1970) to determine 
the factors that influenced whether or not a group approached and 
followed cheetahs (see Albon et al. 1986 and Clutton-Brock et al. 
1992 for more detailed descriptions of this method). The parameters 
of the model were estimated by maximum likelihood, which pro- 
vides an index of the goodness-of-fit of a model including a particu- 
lar set of parameters, and can be used to determine whether the 
inclusion of extra parameters in the model significantly improves 
the fit. All likely explanatory variables were fitted as terms in the 
model, and terms were dropped until the model contained only 
those terms whose elimination would significantly decrease the ex- 
planatory power of the model. The "percent total deviance" pro- 
vides an index of the goodness-of-fit of the term compared to a 
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model which would explain all of the variation in the dependent 
variable. 

Results 

The probability that a gazelle group detecting a predator 

in daylight would approach and follow it varied accord- 

ing to the predator species (cheetahs>lions>wild 

dogs > spotted hyaenas, Table 1). Walther (1969) also not- 

ed that inspection behaviour was most common in re- 

sponse to cheetahs, and also leopards, while Schaller 

(1972) noted that it rarely occurred in response to wild 

dogs or hyaenas, but was common to lions. Inspection 

behaviour was never observed in response to jackals 

(Canis sp.). Predators vary in rarity in the study area with 

wild dogs currently being the rarest, and spotted hyaenas 

the most common, with lions and cheetahs intermediate 

(Table 1). In terms of the threat posed by the different 

predator species, spotted hyaenas kill the most gazelles/ 

individual predator, followed by cheetahs, lions and wild 

dogs in that order (Table 1). However, spotted hyaenas 

and lions primarily hunt at night (Kruuk 1972; Schaller 

1972; Van Orsdal 1984), wild dogs also hunt at night but 

to a lesser extent (Frame 1986), and cheetahs hunt almost 

entirely during the day, so that the risk posed by these 

predator species encountered during daylight hours 

is probably in the order cheetahs > wild dogs > hyaenas 

>lions. The incidence of inspection behaviour does not 

therefore simply reflect the rarity of the predator or the 

risk it poses to the gazelles, but is far more common in 

response to stalking predators than coursers. 

Inspection behaviour in response to cheetahs 

The percentage of group members which approached a 

cheetah varied from 0 to 100, but there were relatively few 

cases where only a proportion of the group approached 

(19.1% of groups). In the majority of cases either all 

group members approached (in 35.8% of groups) or none 

did (in 45.1% of groups, Fig. 1), and therefore the proba- 

bility of an individual group member approaching a 

cheetah was not independent of the behaviour of other 

group members. As a result, in order to determine the 

factors that influenced the incidence of predator inspec- 

Table 1. The incidence of predator inspection in response to four 
predator species, as measured by the percentage of groups detecting 
the predators that approach, the relative abundance of each preda- 
tor in Serengeti National Park, the relative importance of gazelles in 

the diet of each predator (measured in terms of the number of adult 
gazelles killed/individual predator) and the relative probability that 
the predator will hunt gazelles during the day (l = highest, 
4 = lowest) 

Predator Hunting % Groups Relative Importance of Probability that 
species method inspecting abundance gazelles in diet predator will hunt 

Cheetahs Stalker 52 (n = 173) 3 2 1 
Lions Stalker 39 (n = 52) 2 3 4 
Wild dogs Courser 3 (n = 176) 4 4 2 
Spotted hyaenas Courser 0 (n = 38) 1 1 3 

The data on relative abundance of the four predators, and killing rates are from Caro 1993 
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Fig. 2. Logistic curve fitted to the probability of gazelle groups of 
varying sizes approaching cheetahs, The height of the vegetation 
and the closest distance from the gazelle group to which the cheetah 
came before inspection started are set at their means of 40 cm and 
193 m respectively 

tion behaviour, I used the probability of the group ap- 
proaching as the dependent variable. Although a group 
was defined as having approached if at least one group 
member approached the predator, in most cases (66%) of 
inspection behaviour, all group members participated. 
The results of the logistic regression analysis showed that 
a gazelle group was more likely to approach and follow 
cheetahs if the group was larger, if the vegetation was 
lower, or if the cheetahs came closer to the group (Table 
2, Fig. 2). The size of the gazelle group could be replaced 
in the model by the number of gazelles within 1 km 
(Z 2 = 9.0, df = 1, P<0.01, deviance explained = 6.8%), 
but once gazelle group size had been put into the model, 
the number of gazelles within 1 km did not significantly 
improve the goodness of fit (Z 2 = 1.3, df = 1, NS). The 
time of day, and the number of cheetahs, their behaviour, 
and their belly size had no effect on the probability of the 
group approaching the predator (Table 2). 

Considering data only from groups in which at least 
one group member approached, the probability of a 
gazelle participating in predator inspection varied ac- 
cording to the initial size of the group and the gazelle's 
age. The percentage of group members participating in 
inspection behaviour decreased with increasing size of 
the group (when it first detected the predator, r -- -0.458, 
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Fig. 3. Scattergram showing the relationship between the percent- 
age of group members that approached cheetahs (using only groups 
in which at least 1 group member approached) and group size 

n = 93, P < 0.001), primarily because it was rare for all 
group members to participate when the group contained 
more than 100 gazelles (Fig. 3). Despite this, the number 
of gazelles which approached the cheetah increased with 
the initial size of the gazelle group (r = 0.819, n = 93, 
P < 0.001). Immature gazelles (subadults, adolescents and 

Table 2. Logistic regression models exam- 
ining the factors influencing whether a 

group approaches and follows a cheetah or 
not 

Term Coefficient Z 2 df P % Total 
deviance 

Constant 
Gazelle group size 
Shortest cheetah 

gazelle distance 
Vegetation 

Rejected terms 
Time 
Number of cheetahs 
Cheetah's belly size 
Cheetah's behaviour 

2.580 
0.01555 14.9 1 P<0.01 8.6 

-0.00976 14.2 1 P<0.01 8.2 

-0.2743 11.6 1 P<0.05 6.7 

4.8 2 
1.6 2 

0.2 2 
6.1 3 

%2 values refer to dropping the term from the full model in the case of terms included in the 
model and to adding the term to the full model in the case of rejected terms 
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Fig. 4. The percentage of gazelles in five age/sex classes that ap- 

proached the cheetah, using data from 39 gazelle group/cheetah 

interactions in which not all group members approached. Fawns 

were never observed to participate in predator inspection 

half-growns combined) were more likely to approach the 

cheetah than adults (percentage of adults approaching 

using data from 39 cheetah/gazelle group interactions in 

which not all group members approached, mean 

__SE -- 49.7+_2.6, mean percentage of immatures ap- 

proaching _+SE = 62.6+_3.7; t = 2.85, P<0.01). Divid- 

ing up the age classes, sub-adults and adolescents were 

more likely to approach than adult males and adult fe- 

males, while half-growns were less likely to (ANOVA, 

F4,167 = 7.73, P = 0.001, Fig. 4). Fawns were never ob- 

served to approach cheetahs; on detecting these preda- 

tors, mothers of fawns usually led their fawns away or the 

fawns adopted the prone position, lying flat with their 

heads on the ground (FitzGibbon 1990). 

Larger groups of gazelles followed cheetahs for longer 

(correlation between group size at end of inspection and 

duration of inspection, r = 0.604, n = 90, P < 0.001). The 

duration of inspection was not significantly correlated 

with vegetation height (r = ~).192, n = 90, NS) and did 

not vary with cheetahs' belly size (ANOVA, F2,88 = 0.61, 

NS). The duration of predator inspection was weakly 

correlated with the length of time for which the cheetah 

walked (r = 0.243, n = 86, P<0.05), but it was not clear 

whether gazelles followed for longer because cheetahs 

kept walking or whether cheetahs kept walking for 

longer because inspection continued for longer. 

The distance to which gazelles were prepared to ap- 

proach depended on the risk involved; they approached 

closer when in large groups (correlation between shortest 

cheetah-gazelle distance and group size, r =-0.355, 

n = 90, P<0.01 and between average cheetah-nearest 

gazelle distance and group size, r = ~3.400, n--90, 

P <0.01) and when in low vegetation, when the cheetah 

was in full view and the risk of ambush reduced (correla- 

tion between shortest cheetah-gazelle distance and vege- 

tation height, r = 0.490, n = 89, P<0.01 and between 

average cheetah-nearest gazelle distance and vegetation 

height, r = 0.262, n = 90, P < 0.05). 

Effects of predator inspection on gazelles 

The size of the gazelle group increased dramatically dur- 

ing predator inspection, compared with groups that de- 
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tected the cheetah but simply watched from a distance 

[t-test, t = 3.80, P < 0.001, mean increase in group size in 

groups that did approach = 53.4_+ 13.6 gazelles, n -- 90, 

and in groups that simply watched a cheetah (increase 

during time cheetah in view) = 0.1_+0.1 gazelles, 

n = 83]. Predator inspection resulted in a high percent- 

age of the gazelles in the vicinity being alerted to the 

predator's presence. The percentage of gazelles within 

1 km of the cheetah that detected it, 10 min after the first 

gazelle detected it, was greater when a group approached 

and followed the cheetahs than when it simply stared 

(t -- 2.87, P < 0.005, mean percentage that detected when 

group inspects = 99.4_+0.6, n = 90, and when no 

group < 1 km inspects = 83.0 + 2.3, n = 80). 

Effect of predator inspection on cheetahs 

Cheetahs moved further between rests when they had 

been approached and followed by gazelles (mean dis- 

tance moved = 483_+86 m, n = 18) than in cases where 

no inspection behaviour occurred (mean distance 

moved = 199_+47 m, n = 18; t = 2.93, P<0.01). To dis- 

count the possibility that the effect of predator inspection 

on cheetahs' movements resulted from the fact that chee- 

tahs which moved further were more likely to be inspect- 

ed, I only included "inspected moves" when cheetahs 

were inspected during the first 5 min of the move (5 rain 

is the mean duration of "non-inspected" moves). They 

also walked for longer and faster when gazelles ap- 

proached and followed them during the move (mean 

duration and speed of moves = 9.0+_1.2 min and 52.5_+ 

4.8m/min respectively) than when gazelles simply 

watched (mean duration -- 5.3 + 1.4 min, t = 2.01, 

P < 0.05 and 39.4 + 4.4 m/min, t = 2.03, P < 0.05 respec- 

tively). The height of the vegetation did not influence the 

distances that cheetahs moved (correlation between vege- 

tation height and distance moved, r = 0.195, n = 36), 

but they moved further when more gazelles were alert 

nearby (correlation between number of gazelles alert 

within 1 km and distance moved, r = 0.663, n--36, 

P < 0.01, Fig. 5). Cheetahs also moved further when being 
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Fig. 5. Scatterplot showing the relationship between the number of 

gazelles alert within 1 km of the cheetah at the beginning of the 

move and the distance subsequently moved before the next rest, 

including both "inspected" and "not-inspected" moves (r = 0.663, 

n = 36, P<0.001) 
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Fig. 6. Scatterplot showing the relationship between the size of the 

gazelle group at the start of inspection behaviour and the distance 
the cheetah subsequently moved (measured from the point at which 
the cheetah was first approached, r = 0.545, n = 50, P<0.001) 

followed by larger groups (correlation between distance 

moved from start of inspection behaviour to next resting 

point and gazelle group size, using all cases of inspection 

behaviour observed, r = 0.545, n = 50, P < 0.001, Fig. 6), 

suggesting that larger groups are more effective at keep- 
ing cheetahs moving. 

Whether gazelles followed cheetahs or not also influ- 

enced the distances they moved between successive 

hunts. Having hunted but failed to kill, cheetahs moved 

further before trying again if they had been inspected 

than if they had not (mean distance between 

hunts = 1.86_+ 0.35 km and 0.85_+ 0.24 km respectively, 

t = 2.50, P < 0.05). While I could not discount the possi- 

bility that cheetahs which moved further were more like- 

ly to be inspected, in most cases included in the analysis 

gazelles approached cheetahs soon after the initial hunt- 

ing attempt. 

Costs of predator inspection 

The costs of predator inspection for gazelles result from 

three main factors, the time and energy involved, and the 

risks of predation. While each predator inspection bout is 

fairly long (average 14 min, range 2-72 min), and much of 

the time is spent running, cheetahs are relatively rare and 

gazelles are estimated to spend only 0.8% of their daily 
daylight time budget inspecting these predators. Lions 

are 5.6 times more common than cheetahs, but gazelles 

are 25% less likely to approach them, so gazelles are 
estimated to spend 3.4% of their day inspecting these 

predators. While this is likely to be an overestimate, since 

lions are less active during the day than cheetahs, it sug- 

gests that gazelles spend less than 4.2% of their daily 
daylight time budget in inspection behaviour. 

By approaching cheetahs, adults risk an increased 

probability of being attacked, although the risk is low. I 
only saw one adult gazelle being attacked and killed dur- 
ing 90 cases of groups following cheetahs (average size of 
inspecting groups = 65 gazelles, 73% of which are 

adults, so the risk of predation for adults = 1/ 

(90 x 65 x 0.73) = 1/4271 = 0.0002 or 1 in every 5000 ap- 

proaches). None of the groups that monitored cheetahs 
from a distance were hunted during the 23 follows (83 

groups, containing a mean of 38 gazelles of which 84% 

are adults = 0/2649 cheetah/gazelle interactions). In ad- 
dition, outside of follows, I recorded a further 211 groups, 

containing a total of 7385 gazelles, that detected cheetahs 

without approaching, and were not attacked. Conse- 

quently the probability of being killed by a cheetah if the 

group detects but does not approach is less than 1 in 

8926, considerably lower than the risk of being killed by 
approaching the cheetah. 

I did not see cheetahs attacking any sub-adults from 

inspecting groups but one half-grown and one half- 

grown/adolescent were chased and killed (risk = 2/ 

(90 x 65 x 0.14) = 0.0024 or 1 in 417 half-grown/adoles- 

cent approaches). No half-growns or adolescents were 

chased from the groups that detected but did not ap- 
proach, which contained on average 9% half-growns and 

adolescents. Consequently, including the 211 groups 

recorded outside follows, the chances of being killed if the 
gazelle did not approach but monitored the cheetah from 

a distance were less than 1 in 949 gazelle/cheetah interac- 

tions, again far lower than the risk from approaching. 

Although I saw fawns being killed while cheetahs were 

being followed, the fawns were never members of the ap- 

proaching group. Fawns have been observed to approach 

and be killed (O. Newman, pers. comm.), probably be- 

cause they were disturbed out of hiding by the commo- 

tion, and in the absence of their mothers, followed other 

gazelles. Cheetahs have also been observed to kill wilde- 

beest that approached them (T.M. Caro, pers. comm.). 

Discussion 

The inspection behaviour of Thomson's gazelles de- 

scribed in this paper differs from the inspection be- 

haviour of fish and the mobbing behaviour of birds in a 

number of ways. In gazelles, normally all the group ap- 

proaches (or a high proportion of it) together and then 

follows the predator for considerable periods of time, 

while in fish, usually one or two group members ap- 

proach the predator for 1-2 s only, and then return to the 
group which is monitoring the predator from a distance 

(Magurran and Pitcher 1987). Alternatively, all the group 

approaches, but again only for a short time. The mob- 

bing behaviour of birds, on the other hand, is normally 

accompanied by aggression, with birds flying directly at 

and sometimes hitting the predator, and is often accom- 

panied by loud calling (Curio 1978). Despite these differ- 

ences, there is accumulating evidence that approaching 

individuals may derive similar benefits despite approach- 
ing in very different ways. For example, the approach 

behaviour of birds, fish and ungulates may cause preda- 

tors to move on (Ishihara 1987; Pettifor 1990; this study), 
and in a variety of species, it may also enable prey ani- 
mals to gather information about the predator (for exam- 
ple, in fish: Csfinyi 1985, in birds: Kruuk 1976, and in 
mammals: Owings and Coss 1977, this study). In gazelles, 

approach behaviour may also enable individuals to mon- 
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itor the movements of predators to ensure they do not 
ambush them at a later stage, inform the predator that it 

has been detected and alert other gazelles in the vicinity 
(see below). 

The costs of predator inspection 

Approaching predators is generally assumed to be risky, 
although the evidence is almost entirely circumstantial, 
consisting of anecdotal observations of predators killing 
mobbing individuals (e.g. Kruuk 1972; Poiani and Yorke 

1989; Sordahl 1990). Dugatkin (1992) has shown a nega- 
tive correlation between probability of survival and ten- 
dency to inspect in guppies (Poecilia reticulata), but it is 

not clear how this increased risk of mortality arises. The 
results of this study showed that by approaching and 
following predators, Thomson's gazelles incur an in- 
creased risk of predation. While the risk was low for 

adults and sub-adults, it was substantially higher for ado- 
lescents and half-growns, and apparently so high for 
fawns that they almost never approach. 

That approaching predators was risky was supported 

by the finding that the probability that a gazelle group 
approached and followed cheetahs was influenced by the 
risks involved. Gazelle groups were more likely to ap- 

proach in short vegetation, where the chances of being 
ambushed were lower, and when the group was larger. 

Gazelles also risked approaching closer when in safer 
situations, namely when in lower vegetation and in larger 
groups (although the negative correlation between chee- 
tah-gazelle distance and group size may have arisen be- 
cause larger groups were more likely to contain bold in- 
dividuals simply by chance). The fact that gazelles were 
far more likely to approach stalking predators than 
coursing predators could also be argued to be a risk re- 
duction tactic. Stalking predators are rarely successful 
once their prey is alerted to their presence, and are very 

dependent for their success on getting close to their prey 
before chases are initiated. In contrast, coursing preda- 
tors are less dependent on surprise, and at least in wild 
dogs their probability of success is not influenced by 

predator-prey distance at the start of the chase (Fan- 
shawe and FitzGibbon 1993). Consequently, approach- 
ing stalking predators may be less risky. These data sup- 
port findings from other studies of a variety of species 
that approachers modify their behaviour according to 
the perceived risk (Curio et al. 1983; Curio and Regel- 
mann 1985; Pitcher et al. 1986; Magurran and Pitcher 
1987). 

In addition to the risks involved, gazelles approaching 
predators also incurred time costs of less than 4% of their 
daylight time budget (less than 30 rain each day). While 

4% seems high and would reduce the amount of time 
available for feeding, parental care, territorial defence 
and other activities, it is difficult to assess the significance 
of this time cost without knowing the extent to which 
time is at a premium for this species, and how time lost 
from other essential activities affects survival and fecun- 
dity. 

The benefits of predator inspection 

Inspection behaviour is certainly multifunctional, 

gazelles deriving benefits in a number of different ways, 

each of which is discussed below. However, while many 

examples of prey approaching predators involve parental 
defence (e.g. Andersson et al. 1980; Curio et al. 1985; 
Montgomerie and Weatherhead 1988; Tamura 1989), it is 
unlikely that it play~ such a role in this case. Inspection 

behaviour is performed by young gazelles as well as old, 
and includes non-reproductive individuals, such as sub- 

adult bachelor males, which are unlikely to be associated 
with close relatives. 

Deterring predators 

Moving on the predator. Cheetahs moved further between 

rests and between successive hunts when they had been 
approached and followed by gazelles, particularly when 
followed by large groups, suggesting that inspection be- 
haviour causes stalking predators to move out of the 
local area. Kestrels (Falco tinnunculus) have also been 
shown to move further between hunting positions when 
they were mobbed compared to when they were not 

mobbed (Pettifor 1990), although why the kestrels moved 
was not clear. Similarly fish predators tend to leave the 
immediate area having been mobbed by damselfish (Po- 
macentrus coelestis) (Ishihara 1987). The most likely rea- 

son that cheetahs reacted to the gazelles approaching in 
this way was that, once gazelles had started to follow 
them, all the gazelles in the vicinity were alerted to their 
presence and therefore their chances of hunting success- 
fully were much reduced (FitzGibbon 1989). Consequent- 
ly, the cheetahs moved elsewhere to find less wary prey. 
Such approach behaviour would be less effective against 
coursing predators, since they do no~t rely on surprise and 

therefore their hunting success is relatively unaffected by 
high levels of prey alertness, and they would have less 

reason for moving on. 

Keeping predator in sight. Since gazelle groups were far 
more likely to approach stalking predators than coursing 

predators, one possibility is that gazelles follow cheetahs 
and lions to keep them in view, ensuring that they do not 

take them unawares at a later stage. Once the cheetah has 
moved out of the local area, the gazelle can return to feed, 
or in cases where the predator lies down, it can continue 
to monitor the predator to ensure that it is does not start 
to stalk. However, it is unlikely that gazelles would need 
to approach the predator so closely, since they could 

probably reduce their risk of being attacked to the same 

extent by following at a distance. Consequently, while 
gazelles will certainly benefit from keeping track of the 
predator's movements, it is unlikely to be the primary 
function of predator inspection behaviour. 

Signalling perception. Stalking predators are extremely 
sensitive to the level of alertness of their prey, usually 
abandoning stalks once the prey has detected their pres- 
ence and often selecting the less wary individuals avail- 
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able (FitzGibbon 1989). As Bildstein (1982) points out, it 
is unlikely that the prey would need to move repeatedly 
towards the predator, nor approach very closely, to in- 
form the predator that it has been detected. Such infor- 
mation could probably be signalled more cheaply and 
just as effectively by snorting. Certainly gazelles would 

not need to devote up to 72 min, and an average of 
14 rain, convincing a cheetah that it has been detected, so 
this is unlikely to be the main function of approach be- 

haviour. However, it will certainly be a supplementary 
benefit. 

Confusing the predator. Cheetahs rarely hunt gazelles 
once the gazelles are alert to their presence (FitzGibbon 
1989), so it is unlikely that predator inspection would 
function solely to confuse the predator. In this case it 
would be expected to be far more common in response to 
coursing predators which do not rely on surprise and 
could start to chase anytime. 

Acquiring information about the predator 

Gazelles could be approaching predators to identify 
them, improve their recognition skills and/or to acquire 
additional information, such as the predator's motiva- 
tion to hunt. Animals often approach objects that are 

unusual (e.g. displaying Kori bustards in the case of 
gazelles, Walther 1969, and predator models in the case of 
fish, Magurran and Girling 1986), suggesting that the be- 
haviour enables individuals to obtain information. While 
it is clear, from the varying responses of gazelle groups to 

the four predator species studied here, that gazelles can 
usually recognise the different predators without having 
to approach and follow them, the fact that younger 

gazelles were more likely to approach than older animals 
suggests that they may be using the opportunity to learn 

more about the predators. However, it is also possible 
that both adults and juveniles are equally keen to learn 
about predators but juveniles are less able to assess the 
risks associated with different situations. The additional 
information gathered might enable the gazelles to im- 

prove their ability to recognise predators in more difficult 
circumstances (e.g. partially concealed in dense cover) at 
a later stage. Although gazelles were no more likely to 
approach and follow rare predators, such as wild dogs, 

than more common species, such as lions, it may be more 
important to collect information on stalking predators, 
as compared with coursing predators, since these preda- 

tors rely so much more on concealment and surprise for 
their success. It could also be argued that it was more 
important to gain information about common predators 
because they are encountered, and therefore have to be 
identified, more often. 

Evidence, mainly from fish, suggests that predator in- 
spection enables approachers to gather information 
about the predator's motivation to hunt (see Introduc- 
tion). In this case, approachers should modify their be- 
haviour according to the information they gather 
(Magurran and Girling 1986), but there was no evidence 
from this study that hungry cheetahs were followed for 

longer than full ones. In addition, one would expect 

gazelles to approach all predators, at least to some ex- 
tent, and gazelles would only be expected to inspect for a 
relatively short time. Gazelles often followed cheetahs for 
long periods, occasionally up to 72 min, far longer than 
would be needed to determine the predator's belly size 

and thus motivation to hunt. Since it is more difficult to 
assess belly size and motivation to hunt from predators 

that are further away, gazelles should also be more likely 
to approach predators that are some distance from them. 
In fact, gazelle groups were more likely to approach and 
follow cheetahs if they passed closer to the group. Over- 
all, it seems unlikely that acquiring information about 

predators is the primary reason for predator inspection 
in gazelles, although younger animals may be making use 

of the opportunity to improve their predator recognition 
skills. 

Informing others of potential threat 

While it is clear that, by approaching, a gazelle alerts 
conspecifics nearby to the cheetah's presence, and that 

these gazelles consequently benefit, it is less certain 
whether the approacher derives any benefits from alert- 
ing them. If the first gazelle to detect the predator simply 
monitored it from a distance, other gazelles would be less 
likely to detect and consequently have a higher probabil- 

ity of being attacked (FitzGibbon 1989). However, if the 
attack was successful, the cheetah would be more likely 
to remain in the area to hunt again, while if all gazelles 
are alerted, the cheetah may move elsewhere in search of 
less wary prey. Since larger groups are more successful at 

keeping cheetahs moving than smaller ones, it would be 
beneficial to alert as many gazelles as possible. In addi- 
tion if a gazelle benefits in other ways from following a 

predator, for example by keeping track of its movements, 
by recruiting other gazelles, the approacher dilutes its 
own risk (Kruuk 1976; Curio 1978; Owings and Owings 
1979; Tamura 1989). Group size increased far more when 

the group approached the predator than if members sim- 
ply stared. 

Gazelle group size and predator inspection 

The results of this study showed that for individual 
gazelles the costs and benefts of approaching varied with 

group size, but was complicated by the fact that these 
costs and benefits are dependent on the behaviour of 
other group members. The probability that at least one 
gazelle approached the cheetah was higher in large 
groups than in small ones. Since a gazelle initiating 
predator inspection from a larger group will be joined by 
more gazelles than a gazelle initiating from a smaller 
group, one explanation is that the risks of approaching 
were lower for individuals from large groups as a result of 
the dilution effect. However, it is also probable that larger 
groups were more likely to contain a gazelle for which the 
benefits of inspecting a predator were high, and therefore 
was more likely to initiate predator inspection. 
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In groups where at least one group member ap- 

proached, the percentage of group members approaching 

decreased with increasing group size. Consequently, it 

seemed that a higher proportion of gazelles in larger 

groups were deciding that, as long as some group mem- 

bers approached, it was not worthwhile for them to ap- 

proach since they could forego the costs of predator in- 

spection without foregoing all the benefits. As long as 

sufficient gazelles approached to cause the predator to 

move on, gazelles staying behind would still benefit. 

The costs and benefits of approaching, therefore, vary 

with group size, not only because the risks are lower in 

larger groups but also because the effectiveness of preda- 

tor inspection does not increase linearly with the number 

of inspectors. As a result, the benefits to be gained from 

participating in predator inspection, compared to re- 

maining behind and benefiting from others approaching 

the predator (defecting), will decrease as group size in- 

creases. If the benefits of predator inspection are shared 

between individuals which inspect and those that defect, 

the evolution of predator inspection would appear to rely 

on cooperation, with individuals that consistently ap- 

proach the predator considered to be cooperators, and 

those that consistently remain behind considered defec- 

tors (Dugatkin 1990). The sharing of benefits could result 

from the transfer of information between inspectors and 

non-inspectors (e.g. in fish, Magurran and Higham 1988) 

or because predator inspection reduces the risk for all 

prey in the local area, for example by causing the preda- 

tor to move away. In Thomson's gazelles, however, some 

gazelles are likely to benefit from actually participating in 

predator inspection more than others (for example 

younger animals learning about predators). Consequent- 

ly, an individual's decision to inspect will depend on the 

relative benefits of actually participating in predator in- 

spection versus benefits that can be derived from other 

gazelles inspecting the predator (such as moving the 

predator on). 

In larger groups, the number of gazelles for which the 

benefits of participating in inspection behaviour are suffi- 

cient for them to approach, irrespective of whether other 

group members approach or not, will be greater. Conse- 

quently, gazelles for which the benefits derived from actu- 

ally participating in predator inspection are low will be 

unlikely to approach, since they will still benefit from the 

predator being moved on. In contrast, in smaller groups, 

if any group member stays behind, the number of gazelles 

participating in predator inspection may not be sufficient 

to move the cheetah on. In this case, it might be worth- 

while for all group members to participate in predator 

inspection, irrespective of whether they benefit from ex- 

periencing the predator at close quarters. As a result, a 

higher percentage of group members will participate in 

predator inspection in small groups than in large. The 

fact that it is not possible for gazelles to share all the 

benefits of predator inspection with non-participating 

group members may explain why a relatively high pro- 

portion of group members approach the predator, while 

in minnows, where inspectors transmit the information 

they collect, either passively or actively, to non-inspec- 

tors (Magurran and Higham 1988), only a few individuals 

from each group usually approach (Magurran and Pitch- 

er 1987). 
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