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Prey swarming: which predators

become confused and why?
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When confronted with a swarm of their prey, many predators become confused and are less successful in
their attacks. Despite the general notion that this confusion effect is a major reason for prey swarm forma-
tion, it is largely unknown how widespread it is and which predator or prey traits facilitate or impede it. We
carried out experiments with four predatoreprey systems: Aeshna and Chaoborus larvae, but not Libellula
and Triturus larvae, became confused when confronted with high Daphnia densities. When combining this
result with literature data, we found that predators became confused in 16 of the 25 predatoreprey systems
studied to date. Tactile predators appear to be generally susceptible, whereas visual predators are suscepti-
ble mainly when their prey is highly agile. This difference probably results from the superiority of the
visual sensory system. However, while our study is an important step towards the mechanistic understand-
ing of predator confusion, it also reveals how poor this understanding currently is.
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The formation of animal swarms, where sometimes tons
of biomass accumulate in a small space, is a spectacular
phenomenon that attracted the attention of early ecolo-
gists and has remained important to ecological research
(Allen 1920; Miller 1922). Animals form swarms because
of foraging, energetic, defensive and other benefits: for ex-
ample, they find food faster when they search together,
they save energy when they move together, and they are
better defended when they are together. Defence func-
tions of gregariousness can be subdivided into the dilution
effect (Hamilton 1971; Treisman 1975; Foster & Treherne
1981; Treherne & Foster 1982) on the one hand and ef-
fects that decrease predator hunting success on the other.
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Examples of these latter effects are early warning (Miller
1922; Eibl-Eibesfeldt 1962; Pulliam 1973; Treisman 1975;
Kenward 1978; Treherne & Foster 1981), a reduced detec-
tion probability by the predator (Treisman 1975; Inman &
Krebs 1987), the potential for active defence (Bertram
1978), and the confusion effect which is the focus of
this study.

The confusion effect is present if predators that are
confronted with a swarm of their prey are restricted by
their neuronal abilities, causing them to be less successful
in their attacks. We thereby follow the definition of Krause
& Ruxton (2002, page 19): ‘The confusion effect describes
the reduced attack-to-kill ratio experienced by a predator
resulting from an inability to single out and attack indi-
vidual prey’. Some researchers have defined the confusion
effect more broadly and also included cases where the
predator launches fewer attacks because of the decreased
expectation of success (Miller 1922). However, it is hard
to validate this reduction in attack rate empirically be-
cause attack rate also declines in the absence of confusion
for the same reasons that lead to a type II functional
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response (Jeschke et al. 2002, 2004). Furthermore, confu-
sion does not necessarily influence the shape of a func-
tional response, so it cannot be detected in this way
either (Jeschke & Tollrian 2005). We therefore focus here
on the confusion effect sensu stricto as defined above
(for further information and references, see the Appendix
and Bertram 1978).

Experimental work investigating whether a certain pred-
ator suffers from confusion is rare compared to the
popularity of this concept and has mainly been restricted
to two biological taxa, fish and birds (Appendix). To
broaden our taxonomic perspective of predator confusion,
we carried out experiments on the predatoreprey systems
Aeshna cyanea Müller (Odonata) e Daphnia magna Straus
(Crustacea), Libellula depressa Linnaeus (Odonata) e
D. magna, Chaoborus obscuripes van der Wulp (Diptera) e
Daphnia obtusa Kurz, and Triturus alpestris Laurenti
(Amphibia; Alpine newt) e D. obtusa.

We combined our results with data available from the
literature to investigate, first, whether predator confusion
is a widespread phenomenon and, second, which predator
or prey traits facilitate or impede it. The first question has
not, to our knowledge, been addressed before. Regarding
the second question, it has long been supposed that
erratic escape movements by prey might enhance predator
confusion (Eibl-Eibesfeldt 1962; Humphries & Driver
1970), but the validity of this supposition has not been
tested. The same is true for suggestions that predator con-
fusion is related to disordered movements among the prey
individuals forming a swarm, or to rapid changes in light
reflected from the bodies of prey (Humphries & Driver
1970; Treherne & Foster 1981; Nishimura 2002). We
have empirical data for only two predator or prey traits
that indicate an effect on predator confusion. First, the
confusion of predators is more severe if the prey individ-
uals forming a swarm are morphologically more similar
to each other (Ohguchi 1981; Landeau & Terborgh 1986;
Tosh et al. 2006). Second, three-spined sticklebacks, Gas-
terosteus aculeatus, apparently become more confused if
their prey is swimming faster (Ohguchi 1981). We general-
ized the latter finding and looked for further predator or
prey traits affecting confusion.

METHODS

Experiment

In each of our four predatoreprey systems, we trans-
ferred single predators to beakers containing defined
numbers of Daphnia, thereby confronting the predators
with a gradient of prey densities, up to those occurring
naturally in swarms (Malone & McQueen 1983; Davies
1985; Kvam & Kleiven 1995). This direct confrontation
precluded complications arising from predators avoiding
swarms (Milinski 1979). The predators were caught in
southern Bavarian ponds, and the prey came from labora-
tory cultures that originated from such ponds. The
odonate and newt larvae were kept in separate tanks
(40 � 60 cm, filled with water 5 cm deep) which con-
tained plants (Elodea) and stones, in a room with natural
daylight at 21�C. They were fed Daphnia from our cultures
ad libitum every day. After the experiment (after being
kept for approximately 6 weeks), they were released into
their native ponds. The Chaoborus larvae were kept in
quantities of 10 individuals in 1.5-litre beakers. Each larva
was fed with approximately 10 small Daphnia per day. The
Daphnia were reared in 1.5-litre beakers in an artificial
medium based on ultrapure water, trace elements and
phosphate buffer (Jeschke & Tollrian 2000) in a climate-
controlled room (20 � 1�C) at room light (16:8 h day:night
rhythm). They were fed the unicellular green alga Scene-
desmus obliquus ad libitum every day. The medium was
changed weekly. All predators had long experience
with the prey but were hungry at the beginning of a trial
(last fed on the previous day). The Chaoborus trials were
carried out in autumn 1997 and the others in summer
1998 in the laboratory at room temperature (21�C). Ex-
perimental time began with the first attack of the pred-
ator. We carried out short trials to prevent satiation of
the predators influencing their behaviour. Except for
T. alpestris e D. obtusa, we did not replace eaten prey,
to avoid disturbing the predators and because the num-
bers of prey eaten were small compared to the numbers
of prey present. In each trial, we counted the attacks
and the prey eaten and calculated predator attack effi-
ciency as the ratio of the latter to the former. Since
L. depressa larvae did not always eat the prey they suc-
cessfully attacked and killed, we also counted these
‘wasteful kills’ (Johnson et al. 1975) and added them
to the number of prey eaten. Wasteful kills were rare,
however. Our primary goal was not to compare effects
of the same food among predators but to test for confu-
sion, measured as decreasing attack efficiency, in each
system. Our predators differed considerably in their pre-
ferred prey size and prey-scanning volume. We therefore
ran test trials to adjust these two factors as well as den-
sity of prey and trial duration to the specific abilities of
each predator. In the following, we give additional infor-
mation on the organisms used and the specific experi-
mental conditions.

Aeshnacyanea (Odonata) e Daphnia magna (Crustacea)
Larvae of A. cyanea are visual predators with a saltatory

search behaviour, i.e. they can switch between an ambush
and a cruising foraging tactic (Pritchard 1965). An Aeshna
attack was defined as a rapid extension of the labium
towards a nearby prey. We replicated each of seven prey
densities (10, 25, 50, 100, 150, 200, 250) five times except
prey density 200 where we had four replicates, i.e. five or
four Aeshna individuals, respectively, were used at each
density. Each trial ran with third- and fourth-
juvenile-instar D. magna in a volume of 280 ml and lasted
2 min.

Libellula depressa (Odonata) e Daphnia magna
Larvae of L. depressa are ambush predators that select

their prey visually (Pritchard 1965). We defined an attack
as a rapid extension of the labium towards a nearby prey.
We replicated each of eight prey densities (1, 2, 3, 5, 10,
20, 50, 100) six times, except prey density 100 where we
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had five replicates. Each trial ran with small L. depressa
larvae (mean length ¼ 13 mm) and first-adult-instar
D. magna in a volume of 200 ml and lasted 10 min.

Chaoborus obscuripes (Diptera) e Daphnia obtusa
(Crustacea)

Chaoborus larvae are tactile hunting ambush predators
(Duhr 1955). Kvam & Kleiven (1995) suggested that daph-
nids sometimes form swarms to defend themselves against
Chaoborus larvae. An attack was defined as a jerky move-
ment directed to a nearby prey (Swift & Fedorenko
1975). We had 10 replicates for each of eight prey densities
(5, 10, 15, 20, 25, 35, 50, 70). We used fourth-instar Chao-
borus larvae (mean length ¼ 11.6 mm). To standardize the
many Daphnia to an equal size, we sieved them and used
those that passed a 500-mm gauze but were retained by
a 200-mm one. The experimental volume was 40 ml and
the duration 30 min.

Triturus alpestris (Amphibia; Alpine newt) e Daphnia
obtusa

Triturus alpestris larvae hunt visually. Similarly to A. cya-
nea, they switch between an ambush and a cruising forag-
ing tactic (R. Tollrian, personal observation). A Triturus
attack was defined as snapping at a nearby prey, which
usually followed an orientation into the direction of the
prey. We had six replicates for each of 10 prey densities
(1, 2, 3, 5, 7, 10, 20, 40, 60, 100), except prey densities
60 and 100 where we had five replicates. Each trial ran
with small T. alpestris larvae (mean length ¼ 25.8 mm)
and fourth-juvenile-instar D. obtusa in a volume of
400 ml and lasted 10 min.

Comparative Analysis

To investigate whether predator confusion is a wide-
spread phenomenon and which predator or prey traits
facilitate or impede it, we combined the results of our
experiment with those of previous studies, for which we
searched the databases BIOSIS and ISI Web of Science. In
these studies, together with those cited therein, we found
data from 24 predatoreprey systems, in addition to our
four making a total of 28 systems (Appendix). To test for
publication bias, we compared the presence/absence of
a confusion effect with the impact factor of the journal
where the results were published (Leimu & Koricheva
2004; Thomson ISI 2004).

Since predator confusion might correlate with the
degree of prey agility (Eibl-Eibesfeldt 1962; Humphries &
Driver 1970; Ohguchi 1981), we tried to quantify this
trait. It must be related to the agility of the predator’s
prey-catching organ and should ideally include speed,
acceleration and manoeuvrability (see also Howland
1974). The degree of prey position predictability (where
a prey item will be in the next moment) is partly included
in prey manoeuvrability because these should be nega-
tively correlated. Also important are the movements
of the prey items relative to each other. If they all flee
in the same direction, it is easier for the predator to predict
the position of a certain individual for the next moment
(Humphries & Driver 1970; Treherne & Foster 1981;
Nishimura 2002). Since information on these flight pat-
terns is rare, we did not consider them for our analysis
and focused instead on prey agility for which data are
more frequent but still scarce, especially for manoeuvrabil-
ity. When possible, we calculated relative prey agility as
relative prey speed (i.e. prey escape speed divided by pred-
ator attack speed) or relative prey acceleration (i.e. prey
escape acceleration divided by predator attack accelera-
tion). When no such data were available, we estimated
whether the agility of prey is much lower than that of
the predator or roughly similar.

Statistical Analyses

For statistical analyses, we used SPSS for Windows
version 12.0.1 (SPSS Inc., Chicago, IL, U.S.A.).

RESULTS

Experiment

We found a confusion effect for A. cyanea preying on
D. magna (two-tailed Spearman rank correlation: rS ¼
�0.784, N ¼ 34, P < 0.001) and for C. obscuripes preying
on D. obtusa (rS ¼ �0.630, N ¼ 80, P < 0.001) but not for
either L. depressa preying on D. magna (rS ¼ 0.242, N ¼ 47,
i.e. no negative correlation between attack efficiency and
prey density) or T. alpestris preying on D. obtusa
(rS ¼ �0.108, N ¼ 58, P ¼ 0.420; Fig. 1).

Comparative Analysis

Three of the 28 predatoreprey systems summarized in
the Appendix were excluded from our analysis because of
ambiguous results (see Appendix for details). In the re-
maining 25 systems, the overall frequency of confusion
was 64%. The median impact factor of journals in which
an absence of confusion was published was 2.14 compared
to 2.56 for journals in which the presence of confusion
was published. However, this slight publication bias is
not significant (two-tailed exact median test: N ¼ 21,
P ¼ 0.361), suggesting that studies reporting the presence
of confusion are not significantly less likely to be pub-
lished than those reporting the absence of confusion.
The correlation is small as well (rS ¼ 0.042). Thus, predator
confusion can be expected to be similarly common in sys-
tems other than the ones summarized in the Appendix.

The results do not indicate a strong influence of
taxonomy on confusion. The frequency of confusion was
60% for invertebrates (N ¼ 10) and 67% for vertebrates
(N ¼ 15; fish: 75%, N ¼ 8; birds: 80%, N ¼ 5). However,
the scarcity of data does not allow a definitive answer here.

The occurrence of predator confusion does appear to be
influenced by both the mode of prey detection and the
degree of prey agility. Predators that do not actively detect
their prey should not become confused at all. This agrees
with empirical data from both the carnivorous plant Utri-
cularia vulgaris, where an attack is triggered by direct con-
tact with the prey, and from the passively filter-feeding
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Figure 1. An empirical test of the presence of predator confusion in four predatoreprey systems. (a) Aeshna cyanea e Daphnia magna, (b)

Libellula depressa e D. magna, (c) Chaoborus obscuripes e Daphnia obtusa and (d) Triturus alpestris e D. obtusa. Means � SE are given. Attack
efficiency is the ratio of number of prey eaten to the number of attacks.
copepod Acartia tonsa. Conversely, all three tactile preda-
tors investigated so far showed a confusion effect. In
visual predators, finally, confusion seems to correlate
with the degree of prey agility. If we classify prey agility
as high for values larger than 0.3 in the Appendix, the fre-
quency of confusion is 79% for highly agile prey (N ¼ 14)
but only 33% for prey of low agility (N ¼ 6), and the cor-
relation between the occurrence of confusion in visual
predators and the degree of prey agility (low or high) is sig-
nificant (one-tailed Spearman rank correlation: rS ¼ 0.435,
N ¼ 20, P ¼ 0.028; we used a one-tailed test because a neg-
ative correlation between confusion and agility is not rea-
sonable). We can conceptually summarize the Appendix
as follows. (1) Visual predators tend to become confused
if they are confronted with highly agile prey. (2) Tactile
predators usually show confusion. (3) Predators without
a sensory system for detecting prey do not show confu-
sion. This conceptual summary is correct for 20 of the
25 predatoreprey systems (80%).

DISCUSSION

Predator confusion appears to be a widespread phenom-
enon, as it has been observed in 64% of the predatoreprey
systems investigated to date. This figure is not hampered
by a strong publication bias.

We found that tactile predators seem generally suscep-
tible to confusion. In contrast, visual predators seem
susceptible mainly if their prey is highly agile (Eibl-
Eibesfeldt 1962; Humphries & Driver 1970; Ohguchi
1981). The suggestion that tactile predators are generally
susceptible to confusion is challenged by a small sample
size and the fact that prey of only a single genus, Daphnia,
were used in all but one study. If we none the less assume
the validity of this suggestion, we may ask why tactile and
visual predators differ. Confusion has been empirically
and theoretically shown to decrease if a prey swarm
includes odd individuals (Ohguchi 1981; Landeau &
Terborgh 1986; Krakauer 1995; Tosh et al. 2006). Thus,
confusion appears to decrease if it is easier for a predator
to single out individual prey. This ability to single out
individuals includes the ability to concentrate on individ-
uals at the edge of a swarm and to reduce the field of
attack. It surely differs between predators, and our com-
parative analysis suggests that visual predators are better
able than tactile predators to single out individuals. This
is admittedly conjecture but makes sense because singling
out an individual means to detect one or more differences
between this and other members of the swarm (Milinski
1979), which requires a high spatial resolution, and
eyes have a higher resolution than mechanoreceptors
(Dusenbery 1992). Our results imply that predators as
well as prey have coevolutionary options to avoid or
enhance confusion, respectively. From the predators’ per-
spective, the crucial point in avoiding confusion seems to
be the ability to single out individual prey. From the prey’s
perspective, swarm formation should be an especially
effective defence against tactile predators.

This study is an important step towards the mechanistic
understanding of predator confusion. However, it also
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reveals how little is known about this classical concept,
thereby hopefully motivating researchers to address the
many important open questions. Specifically, the taxo-
nomic bias in the data calls for studies in further
predatoreprey systems. Second, since our finding that
tactile predators seem especially susceptible to confusion
is challenged by a small sample size, its validity should be
tested for other tactile predators. Third, our comparison of
the influence of the mode of prey detection and the
degree of prey agility on the occurrence of predator
confusion needs more measured data on prey agility.
Fourth, this comparison may be extended by considering
further potentially important animal traits, such as the
size of the prey relative to the predator’s prey-catching
organ (relatively smaller prey might allow less precise
attacks), the visibility of the prey, or the amount of light
reflected from the bodies of prey (Treherne & Foster 1981).
Finally, data on the relation between the probability of at-
tack and swarm density, as well as on attack rate and
swarm density, would be helpful to test the suggestion
that singling out individual prey is a mechanism that
allows predators to overcome confusion.

Acknowledgments

We appreciate funding from the DFG and thank Sonja
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Appendix

Table A1. Empirical data on the confusion effect

Predator

Prey

detection Prey

Relative

prey agility*

Confusion
observed?

(expected)y

Carnivorous plants
Utricularia vulgaris None Polyphemus pediculus (Crustacea) d �1(�)

Nematodes
Prionchulus punctatus Tactile Aphelenus avenae (Nematoda) (ca. 1) þ2(þ)

Molluscs: cephalopods
Loligo vulgaris (squid) Visual Atherina spp. (Pisces) (ca. 1) þ3(þ)
Sepia officinalis (cuttlefish) Visual Mugil spp. (mullet) (ca. 1) þ3(þ)

Crustaceans
Acartia tonsa None (filtering)4 Gyrodinium fissum (Flagellata) (<0.1) �4(�)

Insects
Odonate larvae

Aeshna cyanea Visual5 Daphnia magna (Crustacea) ca. 0.256 þ7(�)
Aeshna juncea Visual5 D. magna (small/medium/large) ca. 0.256 þ/�/�8(�)
Libellula depressa Visual5 D. magna ca. 0.256 �7(�)

Dipteran larvae
Chaoborus flavicans Tactile9 Daphnia pulex ca. 0.0210 þ11(þ)
Chaoborus obscuripes Tactile9 Daphnia obtusa ca. 0.0210 þ7(þ)
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Table A1 (continued )

Predator

Prey

detection Prey

Relative

prey agility*

Confusion
observed?

(expected)y

Fish
Aequidens pulcher (blue acara cichlid) Visual Poecilia reticulata (guppy) (ca. 0.5e1) þ12(þ)
Ambloplites rupestris (rock bass) Visual Semotilus atromaculatus (creek chub) (ca. 0.5e1) ?13(þ)
Esox lucius (pike) Visual Cyprinids14 (ca. 0.1e0.3)15 þ3(�)
Esox lucius (pike) Visual Rutilus rutilus (roach) (ca. 0.1e0.3)15 �16(�)
Micropterus salmoides (largemouth bass) Visual Hybognathus nuchalis (silvery minnow) (ca. 0.5e1)17 þ18(þ)
Morone americana (white perch) Visual Fundulus diaphanus (banded killifish) (ca. 0.5e1) ?19(þ)
Perca fluviatilis (perch) Visual Poecilia vivipara (guppy) (ca. 0.5e1)20 þ7(þ)
Perca fluviatilis (perch) Visual Rutilus rutilus (roach) (ca. 0.5e1)20 þ16(þ)
Sardinops sagax (South american pilchard) Visual Halobates robustus (ocean skater) (ca. 1)21 þ22(þ)
Stizostedion lucioperca (zander) Visual Rutilus rutilus (roach) (ca. 0.5e1) �16(þ)

Amphibians: newts
Triturus alpestris (Alpine newt) Visual D. obtusa (ca. 0.1)23 �7(�)

Birds
Accipiter gentilis (goshawk) Visual Columba palumbus (woodpigeon) (ca. 0.3e1)24 þ25(þ)
Accipiter nisus (sparrowhawk) Visual Tringa totanus (redshank) (ca. 0.3e1) þ26(þ)
Falco columbarius (merlin) Visual Callidris minutilla (least sandpiper) (ca. 0.3e1) ?27(þ)
Falco peregrinus (peregrine falcon) Visual Tringa totanus (redshank) (ca. 0.3e1)28 þ26(þ)
Motacilla spp. (wagtails) Visual Scatophagids (Insecta: Diptera) (ca. 0.5) þ29(þ)
Stercorarius parasiticus (Arctic skua) Visual Fish-carrying auks (ca. 1)30 �31(þ)

Mammals
Panthera leo (lion) Visual Ungulates 0.6/1.232 �33(þ)

This table lists predatoreprey systems in which the relation between predator attack efficiency and the number or density of aggregated prey
has been investigated, where attack efficiency is the number of successful attacks divided by the total number of attacks. Confusion is indicated
by a decrease in attack efficiency with the number or density of aggregated prey. We do not list predators that apparently show a confusion
effect but for which explicit data on the relation between attack efficiency and the number or density of aggregated prey are lacking (Welty
1934; Milinski & Curio 1975; Milinski & Heller 1978; Milinski 1979, 1990; Ohguchi 1981; Schradin 2000; Tosh et al. 2006). The inclusion of
such predators would lead to an overestimation of the overall frequency of predator confusion. This frequency is p ¼ 0.64 � 0.096 (X � SE,
N ¼ 25; ambiguous results (?) have been excluded). Sources: (1) Englund & Harms (2001); (2) Nelmes (1974); (3) Neill & Cullen (1974);
(4) Paffenhöfer & Stearns (1988); (5) Pritchard (1965); (6) relative prey speed ca. 0.25 (mean Daphnia escape speed ca. 0.1 m/s, Brewer
et al. 1999; mean odonate larva attack speed ca. 0.4 m/s, Pritchard 1965); (7) this study; (8) counted as ‘‘�’’ in the calculation of p, Hirvonen
& Ranta (1996); (9) Duhr (1955); (10) relative prey speed ca. 0.02 (mean Daphnia escape speed ca. 0.1 m/s, Brewer et al. 1999; mean Chao-
borus attack speed ca. 4.5 m/s, estimation based on Chaoborus attacking time given by Pastorok 1981); (11) Jensen & Larsson (2002); (12)
Krause & Godin (1995); (13) the presence of confusion is unclear because of a lack of replicates (Krause et al. 1998); (14) mostly Alburnus
alburnus (bleak) and Leuciscus leuciscus (dace); (15) maximum pike attack speed ¼ 4.0 m/s, maximum pike attack acceleration ¼ 120 m/s2

(Harper & Blake 1990); (16) Turesson & Brönmark (2004); (17) maximum bass attack speed ¼ 1.0 m/s (reviewed by Harper & Blake
1990); (18) Landeau & Terborgh (1986); (19) the presence of confusion is unclear because of inconsistent data (Morgan & Godin 1985);
(20) maximum perch attack speed ¼ 1.15 m/s, maximum perch attack acceleration ¼ 24 m/s2 (reviewed by Harper & Blake 1990); (21)
mean ocean skater escape speed ¼ 0.28 m/s (Treherne & Foster 1981); (22) Foster & Treherne (1981), Treherne & Foster (1982); (23)
mean Daphnia escape speed ca. 0.1 m/s (Brewer et al. 1999); (24) maximum goshawk attack speed ¼ 30 m/s (Alerstam 1987); (25) Kenward
(1978); (26) Cresswell (1994); (27) the data provided by Page & Whitacre (1975) do not allow a decision on the presence or absence of
confusion in their predatoreprey system; (28) maximum peregrine attack speed ¼ 44 m/s, maximum peregrine attack acceleration ¼ 5 m/s2

(Peter & Kestenholz 1998); (29) Davies (1977); (30) maximum prey escape speed ¼ 24 m/s (Alca torda, razorbill: 24 m/s; Fratercula arctica,
Atlantic puffin: 23 m/s; Uria aalge, guillemot: 25 m/s; Meinertzhagen 1955); (31) Caldow & Furness (2001); (32) relative prey speed ¼ 1.2
(maximum prey escape speed ¼ 19 m/s; Connochaetes taurinus (wildebeest): 22 m/s; Equus spp. (zebras): 19 m/s; Syncerus caffer (buffalo):
16 m/s; reviewed by Garland 1983; maximum lion attack speed ¼ 16 m/s; reviewed by Garland 1983); relative prey acceleration ¼ 0.6 (max-
imum prey escape acceleration ¼ 5.3 m/s2: wildebeest: 5.6 m/s2; zebra: 5.0 m/s2; Elliott et al. 1977; maximum lion attack acceleration ¼
9.5 m/s2; Elliott et al. 1977); (33) Van Orsdol (1984).
* When possible, we have calculated the relative prey agility as relative prey speed (i.e. mean or maximum prey escape speed divided by mean

or maximum predator attack speed, respectively) or relative prey acceleration (i.e. maximum prey escape acceleration divided by maximum
predator attack acceleration). When no such data were available, we have estimated relative prey agility. Such estimations are in parentheses.
y The ‘expectations’ are based on the conceptual summary given in the Results. They are correct in 20 cases (80%).
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