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Two theoretical models, the ‘economic’ and the ‘optimal’ model, have been proposed to explain how the
fitness of prey changes in relation to flight initiation distance (FID): the distance between predator and
prey when the prey initiates escape. Both hypotheses assume that the cost for the prey of remaining
foraging (=capture by a predator) influences their decision to escape and this cost should decrease as FID
increases. Much qualitative research supports this prediction; however, no quantitative estimate of the
cost of escape behaviour exists. Here, we used a seminatural experiment on predator—prey interactions
using the black field cricket, Teleogryllus commodus, as prey. We quantified the probability of survival of
the prey as an ecological proxy of the cost of remaining at the foraging patch, and the FID of crickets at
four different starting distances. The shape of the curve for the prey's cost of remaining foraging for the
‘economic’ model graphically fits the cost of staying in the patch most closely. The shape of the curve of
survival of the prey, as proposed by the ‘optimal model’, is also appropriate, but the equation that best
represents this curve is quadratic rather than exponential as suggested by the model mentioned.

© 2014 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Antipredator behaviours reduce the probability of prey being
attacked (including pursuit; Conover, 2007; Fitzgibbon, 1990; Lima
& Dill, 1990) or captured once an attack ensues (Cresswell, 1993,
1994; Lima, 1995; Lima & Dill, 1990). Thus, escape behaviour con-
tributes to the latter category. In the context of escape behaviour, a
foraging prey must decide when to escape. This decision-making
process has been suggested to be based on the costs for the prey.
This is particularly true when a foraging prey detects an
approaching predator. In particular, a trade-off exists between the
cost of remaining in the foraging patch (i.e. predation risk) and the
cost of losing additional opportunity to forage, because in order to
minimize the risk of being captured, the prey must give up food
items or mating opportunities. To study this cost trade-off, flight
initiation distance (henceforth FID, the distance between the prey
and the predator when the former decides to escape) has been
widely used (reviewed by Stankowich & Blumstein, 2005).

Ydenberg and Dill (1986) proposed the first theoretical model to
explain when the prey should escape. This ‘economic’ model, based
on the cost of remaining foraging and the cost of leaving the patch
too soon, qualitatively states that the optimal FID should occur
when the cost of leaving the patch equals the cost of remaining.

* Correspondence: P. A. Lagos, Department of Biological Sciences, Macquarie
University, Eastern Rd, E8 building, North Ryde, NSW 2109, Australia.
E-mail address: palagosc@gmail.com (P. A. Lagos).
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Whenever the cost of remaining foraging outweighs the cost of
escaping, the prey is predicted to flee, with FID affecting the cost of
remaining foraging in a decreasing exponential trajectory. More
interestingly, the hypothesis predicts the existence of an optimal
FID, where the cost of remaining foraging and the cost of escaping
are equal (Fig. 1a). A slightly different theoretical approach
addressed prey that remains motionless when it detects an
approaching predator. In this alternative context cryptic prey
should either flee immediately after the predator is detected or
stand its ground if attacked because an early escape would alert the
predator to the presence of the prey (especially if the predator is
not yet aware of the presence of the prey; Broom & Ruxton, 2005).
A further modification to the ‘economic’ model (Blumstein, 2003)
hypothesized the existence of thresholds, with a minimum FID
(below which prey will always respond), and a maximum FID
(beyond which prey will never respond).

Despite its heuristic value, some of the predictions of this
‘economic’ model may be flawed or incomplete. Under the eco-
nomic model, prey would not have the choice of maximizing its
fitness when facing an approaching predator (Cooper & Frederick,
2007). For instance, an animal might accept closer approaches or
fight the predator if that increases the survival of its progeny
(Glover, Weston, Maguire, Miller, & Christie, 2011; Liker & Székely,
2005) or enhances mating opportunities (Gwynne, 1989;
Magnhagen, 1991). Cooper and Frederick (2007) developed a
mathematical model to incorporate this possibility under an
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Figure 1. Theoretical curves of (a) the cost of remaining in the patch and (b) the
probability of survival for a foraging prey, as proposed by Ydenberg and Dill (1986) and
Cooper and Frederick (2007), respectively. As flight initiation distance increases, the
probability of survival increases, and the cost of remaining foraging decreases.

optimal, rather than economic, perspective. Predictions of both
models are similar, except that under an optimal model, prey may
retain some benefits after death. This implies that, under certain
circumstances, animals may accept closer approach distances
provided that the benefits are large enough, even if the prey is
captured (for a comparison of the predictions of the two hypoth-
eses see Table 1 in Cooper & Frederick, 2007). One novel prediction
of the optimal model is that the probability of survival of a foraging
prey should increase exponentially with FID, with a negative
exponent (Fig. 1b).

Ever since the publication of the economic model, studies have
examined multiple determinants of FID, including distance to the
refuge (Bonenfant & Kramer, 1996; Dill & Houtman, 1987; Lagos
et al., 2009), quality of the foraging patch (Cooper et al., 2003;
Krause & Godin, 1996; Lagos et al., 2009), size of the foraging
group (Beauchamp, 2012; Grovenburg, Monteith, Klaver, & Jenks,
2012; Ydenberg & Dill, 1986), number (Geist, Liao, Libby, &
Blumstein, 2005) and speed of predators (Dangles, Casas, &
Coolen, 2006; Dangles, Ory, Steinmann, Christides, & Casas,
2006), directness of the attack (Cooper, 2003; Kramer &
Bonenfant, 1997) and starting distance of the predator
(Blumstein, 2003), among others (see Stankowich & Blumstein,
2005 for a review). To date, all studies conducted have been qual-
itative in nature, meaning we lack quantitative estimates of prey
fitness in a foraging context. Thus, the actual shapes of the cost
curves in both economic and optimal models remain theoretical.
This represents an important gap in our understanding of anti-
predator behaviour, especially if we are to comprehend and predict
how animals respond to predators. Importantly, a confirmation of
the existing models and their predictions would strengthen the last
25 years of research in this field.

Here, we used an experimental approach on the predator—prey
interaction between a reptile predator (lizard) and a foraging insect
prey (cricket). We measured FID and the probability of survival for a

foraging prey (as an ecological proxy for fitness) when it faces an
approaching predator. We predicted that the probability of survival
will increase with FID, as proposed by Cooper and Frederick (2007),
because the probability of reaching a safe refuge or outrunning the
predator would increase with larger FIDs. We also predicted that
the cost of remaining in the foraging patch will decrease with
increasing FID according to the economic model due to a lower
probability of being captured. To our knowledge, this represents the
first successful attempt to experimentally measure the curve of
survival probability and the shape of the cost curve of a foraging
prey.

METHODS
Study Species

We studied interactions between black field crickets, Tele-
ogryllus commodus, as prey and eastern water skinks, Eulamprus
quoyii, as predators in the laboratory, between July 2012 and
February 2013. Four adult female E. quoyii were used as predators.
These two species coexist in a large area around Sydney, making
this predator—prey system particularly suitable for testing our hy-
potheses, as a pilot experiment showed. For the experiment, only
female crickets were used, since different sexes may have different
antipredator behaviours (Worthington & Swallow, 2006), and these
might include differences in FID.

Ethical Note

Crickets were bred in the laboratory and kept in a plastic box
with food (Friskies Senior) and water ad libitum (Kasumovic, Hall,
& Brooks, 2012). Those crickets that survived after the experi-
ment were kept separately from the rest of the colony, and were not
reused. Whenever possible, trials that did not meet our criteria
were stopped before the lizard could capture the cricket, reducing
the number of animals used in the experiment.

The skinks were part of an existing captive colony used by other
researchers for behavioural experiments. They were kept in out-
doors facilities at Macquarie University, where they were housed in
round tubs (3 m diameter), in groups of about eight individuals of
the same sex. This is similar to densities found in the field, where it
is easy to find them every few metres. The tubs were partially
covered to provide shade, and clay tiles were provided in excess as
refuges, allowing the animals to have their own space. There, they
had water ad libitum and were fed three times a week in summer
and twice a week in winter, with domestic crickets. Before our
experiment was conducted, skinks were moved indoors, using cloth
bags (one individual per bag). Indoors facilities consisted of a room,
keep at 25 °C and environmental humidity, with 12:12 h light:dark
cycles (fluorescent tubes were used as the source of light). Animals
were kept in plastic tubs (40 x 30 cm and 30 cm high), one per tub.
Having one animal per tub was not considered stressful, since this is
not a group-living species, and they have been housed in the same
conditions for previous experiments, and always fed and behaved
normally. In any case, the health of every animal was constantly
assessed by checking that they fed and behaved normally. Under
each tub, an electrical warm wire was placed, to keep the temper-
ature of the box as constant as possible. A small black box was
provided as a refuge, and the bottom of the tub was covered with
paper, which was replaced every week as part of the cleaning
process. For the experiment, skinks were moved from their tubs to
the experimental arena by gently turning the tub over the arena,
minimizing the handling of the animal. The same procedure was
performed to return the animal to its tub. When the trials were
finished, animals were returned to the outdoor enclosures.
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The experiment adhered to the animal ethics regulations of
Macquarie University, in accordance with Australian animal welfare
standards (Animal Research Authority, number of project: ARA
2012-062).

Experimental Design

To study the effect of FID on the cost of remaining foraging, an
arena was prepared, consisting of a plastic box (60 x 40 cm and
40 cm high). The bottom was covered with graph paper, which pro-
vided both a rough surface for the animals to move on and also
allowed us to measure distances with a precision of 0.5 cm. Addi-
tionally, a 30 cmruler was placed in a corner. The cricket was released
at a foraging patch, at varying distance (see below) to the skink
predator. To provide the crickets with a refuge, a pack of egg cartons
was placed 10 cm from the foraging patch, diametrically opposite the
position of the skink. A surveillance camera (AVerMedia AVerDiGi
SEB3104H) was placed above the arena, to record each trial.

A single adult female cricket was introduced into the arena,
inside an upside down plastic jar (6 cm diameter x 8 cm height). At
the same time, one skink was introduced into the arena, inside a
small, black plastic box (17 x 12 cm and 6 cm high). By doing this,
we could manipulate the distance between the lizard and the
cricket (i.e. starting distance) before the trial started. A thread was
attached to the top of the jar, to pull it up without disturbing the
cricket (Fig. 2).

The side of the jar facing the skink was covered with duct tape to
prevent the cricket from visually detecting the predator, but the
other half of the jar was not covered, so the cricket could still see
the refuge.

We provided a single piece of dry cat food (Friskies Senior,
0.16 + 0.018 g, N = 79) to the cricket in the jar, thus controlling for
any effect of the quality of the patch, a factor known to influence
FID (Stankowich & Blumstein, 2005). We also did not feed crickets
for 2 days prior to the trial to ensure they would need to forage, but
they did have constant access to water (Booman, Folkvord, &
Hunter, 1991).

The trial began when the cricket started feeding at the patch. At
that point, the skink and cricket were released by simultaneously
lifting the jar and the box that enclosed them. We filmed the entire
skink—cricket interaction and noted whether the cricket survived
the attack or not. We recorded the following parameters: starting
distance (distance between cricket and lizard), latency to attack
(measured as the time between the release of the cricket and the
start of the attack), FID, survival of the cricket and the identity of
the skink used.
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In some cases (ca. 5% of all trials) crickets did not escape directly
into the refuge, and the skink had the chance to attack a second
time. These instances were not considered during further analyses
since the risk associated with the second attack is different (and not
comparable) to the risk at the start of the encounter. To standardize
attack trajectory, we only considered trials in which the skink
attacked the cricket directly in a straight line from its starting po-
sition. Skinks that did not attack or attacked indirectly and cases
where the skink moved outside the visual range of the cricket
(defined a priori as 180° in front of the cricket) were not included in
the analyses. Of 200 trials, 79 (39.5%) met our criteria as valid trials.

Four starting distances were chosen a priori (1, 5,10 and 15 cm),
and the four skinks used were randomized between these four
starting distances. Initially, we also trialled a starting distance of
20 cm, but it was not always evident that the cricket was able to
detect the skink at this distance, so it was excluded from the
experiment. Because there is no agreement on whether starting
distance (Blumstein, 2003; Cooper, Hawlena, & Pérez-Mellado,
2009; Geist et al., 2005; Runyan & Blumstein, 2004; Stankowich
& Coss, 2006, 2007) or alert distance (Blackwell, Fernandez-
Juricic, Seamans, & Dolan, 2009; Blumstein, Fernandez-Juricis,
Zollner, & Garity, 2005; Cardenas, Shen, Zung, & Blumstein, 2005;
Fernandez-Juricic, Jimenez, & Lucas, 2002; Ferndndez-Juricic, &
Schroeder, 2003) should be used in this kind of experiment, we
selected the four starting distances in a way that the prey would
detect the predator at the same moment the trial started (i.e.
starting distance = alert distance), as has recently been proposed
(Dumont, Pasquaretta, Réale, Bogliani, & Von Hardenberg, 2012).
Hereafter, we refer to it as starting distance.

Statistical Analyses

The outcome of every trial was tallied as either ‘cricket captured’
or ‘cricket survived’, two mutually exclusive categories. Accord-
ingly, we used logistic regression to analyse the probability of
cricket survival, with survival of the cricket as the dependent var-
iable. FID and latency to attack were used as continuous predictors,
and starting distance (four levels: 1, 5, 10 and 15 cm) and skink ID
(four levels: skink 1, 2, 3 and 4) were used as categorical predictors.
We analysed the effects of starting distance, latency to attack, skink
ID and FID on the probability of survival of crickets, using logistic
regression. We also evaluated the effect of starting distance, latency
to attack and skink ID on FID using a generalized linear model. To
select the most parsimonious models (i.e. the model that explained
most of the variability in the dependent variables using the fewest
independent variables), we used Akaike's information criterion.

d,
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Figure 2. Experimental set-up. From left to right: pack of egg cartons (refuge for the cricket); jar containing the food and the cricket; skink inside a black box (not coloured here for
purposes of the diagram). d, is the distance to the refuge (constant in all the experiments) and d; is the starting distance (1, 5, 10 or 15 cm).
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To identify the shape of the curve of survival of crickets, we
compared four different models (exponential, quadratic, logistic
and cubic), using equations that may resemble the theoretical
shape proposed by Cooper and Frederick (2007). To determine
which was the best fit to our data, log-likelihood analysis was used.
The exponential and quadratic equations were selected because
they graphically resemble the theoretical curve of survival pro-
posed by Cooper and Frederick (2007). We also included the hy-
perbolic function, but the log-likelihood score was too low
compared to the other equations, and was not included in the re-
sults. Likewise, the cubic and logistic equations were used to test
the existence of thresholds, as proposed by Blumstein (2003).

All analyses were run on R version 3.0.1 (The R Foundation for
Statistical Computing, Vienna, Austria, http://www.r-project.org).
Results are expressed as mean + SD. Unless otherwise specified, the
number of trials was 79.

RESULTS

Crickets showed a very distinctive antipredator behaviour.
When they detected the skink, they stopped foraging and remained
motionless, occasionally moving only their antennae. Even when
the skinks started approaching, crickets did not escape immedi-
ately. On average, crickets escaped when predators were within
144 + 1.72 cm (N = 79) resulting in a probability of survival of
0.582 + 0.496. FID was the only factor significantly affecting the
probability of survival: crickets escaping at longer FIDs showed a
higher probability of survival (logistic regression: P = 0.0002,
1 = 0.333, effect size r = 0.577).

Starting distance did not significantly affect the probability of
survival (logistic regression: P=0.707, 2= 0.009). In contrast,
there was a slight yet significant effect of starting distance on FID
(generalized linear model: P=0.013, 1?=0.065, effect size
r=0.255; Fig. 3). Moreover, starting distance did not significantly
affect the latency to attack (generalized linear model: P = 0.282,
1 =0.002).

Latency to attack was highly variable (71.03 + 101.80 s) and did
not affect the probability of survival (logistic regression: P = 0.343,
? =0.0002) or FID (generalized linear model: P =0.403,
? = 0.004). However, latency to attack varied with skink ID
(generalized linear model: P=0.045, 1?=0.038, effect size
r = 0.195), but not with starting distance (see above).

151

Predicted FID

0 5 10 15 20
Starting distance (cm)

Figure 3. Flight initiation distance of crickets as a function of starting distance (i.e. the
distance between the cricket and the predator at the beginning of the trial), as pre-
dicted by our empirical data. Dashed lines indicate 95% interval of confidence.

Table 1

Competing models explaining the probability of survival for crickets
Model Coefficient P Log-likelihood
Exponential® 1.109 3.3e-08 —33.55
Logistic BO=-0.901; B1 =1.183 0.012; 0.0002 —40.38
Quadratic 1.051 0.0002 —29.66
Cubic 1.715 2.9e-05 -30.47

2 Cooper and Frederick (2007).

Log-likelihood analysis was used to determine the curve that
best fitted our data. Of the four equations compared (Table 1), the
quadratic one provided the best fit. Thus, the predicted probability
of survival was related to FID in a quadratic fashion, with a negative
exponent, and asymptotically approached 1 (Fig. 4a), following the
equation: Pgqiva = 1— (1+A x FID)2. The estimated value for
the parameter A = 1.051 (Table 1).

One data point in Fig. 4a appeared to be an outlier, with an FID of
13 cm (not shown in the figure). We decided to keep this value in
the analyses for two reasons. First, it was the actual behaviour of
the cricket, and that cricket received the same treatments as all
other crickets. Second, this data point helps to illustrate what
happens at an FID larger than the average. As Fig. 4a shows, the
probability of survival is close to one when FID is large.

The cost of remaining foraging could be calculated from the
probability of survival, assuming that predation is the primary or
only cost associated with remaining foraging. In that case,
Psyrvival + Peapture = 1. Therefore, 1 — Psyrvival = Paying describes the
probability of dying, and its expression would be
Pyying = (14+A x FID) 2. Using this relationship we generated
Fig. 4b in which the cost of remaining in the patch decreases
exponentially with FID, approaching zero quickly.

DISCUSSION

For many years, behavioural ecologists have been examining
different factors affecting escape behaviour (Stankowich &
Blumstein, 2005) based on predictions from Ydenberg and Dill’s

(a) (©

Probability of survival

(b) (d

Cost of remaining

Flight initiation distance

Figure 4. Graphical comparison between (a) the experimental curves of the proba-
bility of survival recorded during this study, (b) the empirical curve of the cost of
remaining foraging, (c) theoretical curve of probability of survival according to Cooper
and Frederick (2007) and (d) the theoretical cost of remaining foraging according to
Ydenberg and Dill (1986). Dashed lines represent 95% confidence interval.
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(1986) model. These studies have provided abundant qualitative
support, yet the predicted curves of costs remained theoretical.
The results from our experiment provide the first empirical
measurement of the actual probability of survival for a foraging
prey under predation risk using different FIDs as predictor. Our
results showed that FID accounts for approximately 33% of the
variability in the probability of survival. This figure represents a
relatively large amount of variation given that FID was the only
predictor examined. Other factors linked to the predator such as
speed of the predator or predator efficacy and accuracy during
prey capture and subjugation may have contributed to the yet
unmeasured variation. Similarly, features and traits of the cricket
prey, such as age, agility or personality may have had an effect on
the probability of survival.

Most of the literature on escape behaviour has focused on ver-
tebrates (see Stankowich & Blumstein, 2005 for a review), which
makes studies on predation risk difficult, mainly for ethical reasons.
Regarding the few studies conducted on insects, crickets of a
different species (Nemobius sylvestris) escape at 1.6 cm from a wolf
spider (Pardosa spp.) predator (Dangles, Casas, & Coolen, 2006;
Dangles, Ory, et al, 2006), similar to our findings (1.4 cm).
Notably, studies with other species of orthopterans found larger
FIDs. The grasshopper Dissosteira carolina, for example, had an FID
of 1.7 + 0.2 m when approached slowly, and 3.3 + 0.3 m when the
predator approached at faster speeds (Cooper, 2006). Similarly, the
grasshoppers Psinidia fenestralis and Schistocerca alutacea showed
FIDs of 0.9+0.4m and 2.3 + 1.3 m, respectively (Bateman &
Fleming, 2014). FID generally increases with the size of prey, a
finding reported in fishes (Januchowski-Hartley, Nash, & Lawton,
2012), birds (Blumstein, 2003; Eason, Sherman, Rankin, &
Coleman, 2006; Geist et al., 2005; Weston, McLeod, Blumstein, &
Guay, 2012), lizards (Cooper, 2005; Cooper & Sherbrooke, 2013)
and small mammals (Bonenfant & Kramer, 1996; Dill & Houtman,
1987; Lagos et al., 2009). The positive relationship between body
size and FID has been demonstrated in birds (Blumstein, 2006), but
this pattern seems not to hold in amphibians, which can have FIDs
of only a few centimetres (Martin, Luque-Larena, & Lopez, 2005;
Tidwell & Hayes, 2013).

Crickets in our study behaved as predicted for a cryptic animal,
and allowed us to evaluate the predictions of the ‘economic’ and
‘optimal’ theoretical models. Broom and Ruxton (2005) predicted
that animals relying heavily on crypsis should either flee as soon as
they detect the predator or flee when being attacked. Our experi-
ment showed that crickets refrain from escape until the very last
moment, which supports predictions from this model. These au-
thors further suggested that this response of cryptic prey should
not be affected by whether the predator attacks the prey immedi-
ately or delays the attack. The observation that the latency to skink
attack did not affect escape behaviour of crickets confirmed this
expectation (but see Cooper, Lopez, Martin, & Pérez-Mellado, 2012;
Martin, Luque-Larena, & Lépez, 2009).

Our results provide the first empirical and quantitative esti-
mation of the cost of remaining foraging when a potential prey is
approached by a predator. In fact, the empirical curves estimated
(Fig. 4a, b) showed remarkable resemblance to the curves of
theoretical models (‘optimal’ model, Fig. 4c, and ‘economic’ model,
Fig. 4d). Our statistical analysis suggested that the exponential
optimal model (Cooper & Frederick, 2007) offers a good fit for the
shape of the curve of prey survival, but a more thorough analysis of
our data showed that a quadratic model represents an even better
fit. In fact, based on the log-likelihood scores, the quadratic model is
approximately four times more likely than an exponential model.
Graphically, both models are similar, but the quadratic model is a
better fit for quantitative predictions on the effect of FID in relation
to the prey's cost of remaining foraging. Regarding the biological

meaning of the equation that best fitted our data, it is difficult to tell
the difference between an exponential and quadratic model on
such a small scale. It is possible to think that a system that responds
in the way the crickets do will show an exponential curve, not a
quadratic one. One possible explanation for a quadratic curve is that
some delays exist in the crickets, such as a delay in the neurological
response or in the detection of the predator. In this case, the overall
response to a predator would be delayed, and the curve of survival
may look more quadratic than exponential. Of course, it is also
possible that we found a quadratic fit only because our sample size
was not large enough.

We found no support for FID thresholds, as proposed by
Blumstein (2003). In particular, we found no clear evidence of a
minimum FID in the curve showing the cost of remaining foraging.
It is still possible that this threshold exists, but because of limita-
tions to the experimental set-up, we were not able to detect it. For
example, our experimental design allowed us to measure FIDs with
an accuracy of 0.5 cm (ca. one-quarter of the length of an adult
cricket), setting a lower limit to the FID that we were able to
measure. Thus, the lack of a minimum threshold in our results may
be an issue of scale: the threshold may exist, but is too small to be
detected with our design. However, such a small threshold would
be of little biological relevance: avoiding a predator at such a short
distance would be virtually impossible, in particular when facing
rapid predators such as skinks. Our results suggest that the cost of
remaining foraging keeps increasing when FID decreases, until it
reaches the maximum cost possible. Therefore, all the benefits of
remaining foraging are reduced to the minimum, not necessarily
zero, since being captured may still increase the fitness of the prey
under certain circumstances (such as an animal protecting its
offspring).

An important parameter linked to the success of the prey's
antipredator strategy is the coefficient of curvature, A (c in the
‘optimal model’). The smaller the value, the lower the survival, and
the flatter the curve. In contrast, large values of parameter A imply
steeper curves and high survival rates at short FIDs. For a given FID,
animals showing relatively large values of A will have a similarly
high probability of survival. This coefficient further informs on the
antipredator strategy of the animal. For crickets, a small and cryptic
prey that delays escape, the coefficient shows a relatively high
value. In comparison, larger, less cryptic (or not cryptic at all) prey
that escape at greater distances should exhibit small values of A and
a flatter curve of survival. Alternatively, the value of A might be
relatively constant across species because prey animals adjust FID
exclusively. Clearly, more research is needed to elucidate this aspect
of escape behaviour.

Even though starting distance affected FID, and FID affected
the probability of survival, starting distance did not directly affect
the probability of survival of crickets. This finding suggests that
prey can assess the risk that the predator represents at a certain
distance, and can change their escape behaviour accordingly (i.e.
they can decide when to escape), but cannot modify the starting
distance of the predator, a condition set mostly by the predator.
Instead, prey may have some control over detection distance
(Blumstein, 2003; Blumstein et al., 2005; Lagos et al., 2009)
through different mechanisms, including vigilance or the use of
open (unobstructed) patches during foraging, both of which may
favour an earlier detection of an approaching predator and an
earlier escape (i.e. larger FID). Our results agree with the fact that
FID is affected by starting (or detection) distance as previously
shown in birds (Blumstein, 2003; Blumstein et al., 2005; Eason
et al, 2006; Weston et al., 2012), reptiles (Cooper, 2005;
Cooper et al., 2009; Cooper & Sherbrooke, 2013) and mammals
(Dumont et al., 2012; Lagos et al., 2009; Stankowich & Coss,
2006).
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Although we have quantified the cost of remaining foraging we
still do not know the actual cost of escaping a patch in terms of lost
foraging opportunities. This is an important, yet unquantified
component of the economic model and the focus of our current
research. Quantifying the actual shape (and equations) of both cost
curves would allow us to build more precise models, based on
empirical (in addition to theoretical) data. This will give us the
ability to make accurate and quantitative predictions about the
escape behaviour of animals.

We have examined the escape behaviour of one species of
cricket in a very specific ecological context. However, natural set-
tings may be much more complex. Animals live in challenging
environments, with different kinds of predators that may have
different hunting tactics, as well as nonpredator (anthropogenic)
disturbances (Schlacher, Weston, Lynn, & Connolly, 2013). Accord-
ingly, prey may show different antipredator tactics to deal with this
variety of threats. For instance, prey that survive an attack are likely
to learn from their experience and alter their escape response
during future encounters with predators, as a recent study on
grasshoppers revealed (Bateman & Fleming, 2014). Modelling these
different sources of risk and alternative prey strategies remains
challenging, but will take us one step closer to a more compre-
hensive theoretical framework for understanding the antipredator
behaviour of animals.
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