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Optimal escape theory predicts that individuals should escape when the costs of staying (risk of being 
injured or killed) exceed the costs of leaving (energetic costs of escape, lost foraging opportunities and 
costs incurred for monitoring the approaching predator). We extend these theoretical principles to 
analyse preferences for alternative escape modes in a model animal group, birds, which can escape by 
either flight (costlier but safer) or using cheaper but riskier alternatives (jump, walk, or swim). We used 
a large, published database that included 21 222 records on 179 species taken in 15 European localities 
during the breeding seasons of 2009—2019, with data on escape mode, latitude, habitat (urban or rural), 
precipitation and temperature. Most individuals escaped by taking flight (15 940 records; 79%). Vari-
ation in escape mode decisions was mostly driven by species-specific traits (body size, diet), whereas 
external environmental variables (climate, geography, habitat) showed small effects. Flight initiation 
distances were longer when birds escaped by taking flight than when they chose lower-cost alternatives. 
Overall, escape mode preferences showed spatial and temporal variation compatible with expectations 
from risk—energy trade-off optimization. Escape mode decisions seemed more related to predation 
avoidance and flight initiation distance decisions to energy-saving goals. Thus, escape mode preferences 
interacted with fleeing—staying decisions, suggesting a behavioural integration of different aspects of 
escape strategies under a general optimization model.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of The Association for the Study of Animal 

Behaviour. This is an open access article under the CC BY-NC license (http://creativecommons.org/ 
licenses/by-nc/4.0/).

The trade-off between finding enough food and avoiding 
disturbance and predation is key to an individual’s survival and 
reproduction (Houston et al., 1993). Many organisms adjust their 
behaviour in response to changing food, predation and 

disturbance levels (Blumstein et al., 2016; Cooper & Blumstein, 
2015). Understanding an organism’s decision rules are especially 
relevant under rapid human-driven global change (Díaz et al., 
2021; Díaz, 2023; Díaz & Møller, 2023). Optimal escape theory 
predicts that individuals should escape from approaching sources 
of potential danger when the costs of staying (risk of being injured 
or killed) exceed the costs of leaving (energetic costs of escape, lost 
foraging opportunities and costs incurred for monitoring the 
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approaching predator; Blumstein et al., 2016; W. E. Cooper & 
Frederick, 2007; Samia et al., 2013, 2017; Ydenberg & Dill, 1986).

Long after the pioneering observations by Hediger (1934) on 
how mobile organisms react to the risk of being killed by a pred-
ator, recent work has shown how bird flight initiation distances 
(FIDs), the distances at which individuals escape when approached 
by a human observer under standardized conditions (Blumstein, 
2006), change along geographical, temporal and disturbance gra-
dients (Diamant et al., 2023; Díaz et al., 2013, 2021, Díaz & Møller, 
2023; Mikula et al., 2018; Samia et al., 2015). Results suggest that 
FIDs estimate how individual birds integrate direct and indirect 
effects of food needs, predation risk and human disturbance into 
their fearfulness (Díaz et al., 2021). FIDs are generally shorter in 
urban areas than in nearby rural areas, apparently due to relaxed 
predation risk and increased human activity that is harmless to 
birds (Díaz et al., 2013; Díaz & Møller, 2023; Møller, 2012; Morelli 
et al., 2018). FIDs also tend to be shorter in areas with lower pre-
dation risk (St. Clair et al., 2010; Zamora-Camacho & Arag�on, 
2022), lower food availability (Møller, 2012; Møller et al., 2015) 
and higher energy needs (Díaz et al., 2021; Møller, 2015a; Møller et 
al., 2013).

Despite the usual name (‘flight initiation distance’), a variety of 
escape response modes in addition to flying away can be estab-
lished, such as jumping, running or swimming away (Cooper & 
Blumstein, 2015). However, despite the numerous studies inves-
tigating escape behaviour, comparatively little work has been done 
on how animals would trade-off the costs and benefits of alter-
native escape modes (Ekanayake et al., 2022; Grim et al., 2024; 
Kalb et al., 2019; Nov � ci � c & Para � ca, 2021; Rodríguez-Prieto et al., 
2008). Furthermore, the escape mode may also modulate the 
costs and benefits of staying versus escaping, influencing FIDs. 
Alternative non-flight escape strategies incur lower-energy costs 
than flying but can also increase the risk of being caught by a 
predator (Rodríguez-Prieto et al., 2008).

Here, using birds as a model group because they have a variety 
of alternative escape modes, we investigated whether the selec-
tion of alternative modes follows similar patterns to those already 
found for FIDs. We also investigated the potential influence of 
escape mode on FID, under the general hypothesis that escape 
behaviour reflects an optimal adjustment to changing food, pre-
dation and disturbance levels. We used a large database compiled 
during the breeding seasons of 2006—2019 in 24 European local-
ities spanning a 5000-km latitudinal gradient (Díaz et al., 2021). 
Data on escape modes started to be gathered regularly from 2009 
onwards. Restriction to the breeding season eliminated potential 
bias due to seasonal changes in perceived risks and food needs 
(Mikula et al., 2018), and standardization of data collection 
methods controlled for potential effects of different approaching 
modes on risk perception (Cooper & Blumstein, 2015). We made 
several predictions.

First, we expected a stronger prevalence of flying away 
compared to lower-cost alternatives (i.e. running or jumping 
away) outside cities and southwards, where predation risk is 
higher, and the opposite patterns if energy-saving strategies were 
driving escape mode. Milder climatic conditions (higher temper-
atures and rainfall) should decrease the use of lower-cost escape 
modes, although this effect could depend on the bird’s body mass 
and diet. Larger birds should prefer less demanding but riskier 
escape modes if energy conservation is at stake because the energy 
costs of flight tend to increase with a bird’s body mass 
(Hedenstr € om & Alerstam, 1992; Møller et al., 2012); hence, body 
mass effects should be weaker under milder climatic conditions. 
Potential prey species (i.e. foliage-gleaning insectivores, herbi-
vores and omnivores) should select riskier but more energy-saving 
modes of escape than active predators (i.e. predators, fish eaters 

and aerial insectivores), thereby predicting weaker or opposite 
effects of climatic conditions for predators than for herbivores 
(Díaz et al., 2021). Preference for flight would be higher for birds 
perched above ground because the costs of flying from high 
perches would be lower than flying from the ground (Møller, 
2010), although this effect should be lower under lower levels of 
predation risk (i.e. in urban habitats and northwards).

Second, the optimal FID should be modulated by escape mode 
(Rodríguez-Prieto et al., 2008). If this is the case, positive effects of 
starting distance (SD) and/or alert distance (AD, which estimate 
vigilance costs during approach under the FEAR ‘Flush Early and 
Avoid the Rush’ model; Blumstein et al., 2016; Samia et al., 2013, 
2017) on FID should be stronger when birds escape by flight than 
when they use lower-cost alternatives (Blumstein, 2010; Samia 
et al., 2013). Differences among escape modes in these relation-
ships should be modulated by predation risk and/or food condi-
tions. Riskier conditions and harsher food conditions (i.e. 
southwards and outside cities for risk, and in colder climatic 
conditions for food) would decrease the importance of vigilance 
costs if predation risk effects predominate, leading to decreasing 
differences among escape modes in the effects of SD and/or AD on 
FID. By contrast, we should see increasing or no differences among 
escape modes along food and/or risk gradients if energy-saving 
effects predominate. Responses to spatial and temporal gradients 
should be modulated by species-specific body mass and diet in the 
same way as they would influence escape mode decisions, as these 
traits influence flight costs and predation risk (see above).

Overall, we expect spatial and temporal patterns in the pref-
erence of the escape mode used to react to an approaching human 
and modulating effects of escape mode on FID if individual birds 
trade-off delayed escape with their associated costs (Rodríguez- 
Prieto et al., 2008). Identifying the patterns will help us under-
stand how individuals integrate escape mode and fleeing—staying 
decisions in response to approaching threats, thus expanding our 
knowledge of the drivers of escape decisions.

METHODS

Data were extracted from a published database on bird escape 
distances in European localities, pairing urban and nearby rural 
sites to consider urbanization effects on fear responses (details in 
Díaz et al., 2013, 2021; Samia et al., 2017). Urban study sites 
included areas with multi-storey buildings and roads and parks, 
while nearby rural areas had open farmland and woodland, single- 
family houses and did not contain continuous urban elements (e.g. 
buildings, roads or parks). Behavioural data were recorded in the 
Spanish localities by M.D., A.P.M. and J.D.I.A.; in France, U.K., 
Denmark and Norway by A.P.M.; in the Czech Republic by T.G., F.M. 
and Y.B.; in Hungary by G.M.; in Poland by P.T.; in Estonia by K.T.; 
and in Finland by J.J., M.-L.K.-J. and A.P.M. (see Díaz et al., 2021 for 
details).

We recorded FIDs using the standard procedure developed by 
Blumstein (2006). Observers wore neutrally coloured clothes and 
behaved as normal pedestrians, moving at ordinary walking speed 
towards every individual bird previously detected and identified 
by species, using sight or sound, along random walks across the 
study areas carried out during the local breeding season under fair 
weather conditions (no rain, no strong wind; Díaz et al., 2013, 
2021). Observers recorded the distance to the focal bird at the start 
of approach (SD), the distance when the bird showed behavioural 
signs of detection of the approaching observer and started moni-
toring the researcher (AD), the distance when birds initiated 
escape (FID) and the bird’s perch height if it was located above 
ground at the start of the approach (Samia et al., 2013). Horizontal 
distances were measured by pacing, rangefinders or measuring 
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tapes and heights by rangefinders or by eye to the nearest metre, 
consistently by different observers in different cities. Distances 
were calculated as Euclidean distances, which equals the square- 
root of the sum of the squared horizontal distance and the 
squared height above ground (e.g. Díaz et al., 2022; Møller, 2010). 
Juvenile birds and adults engaged in reproductive activities 
(incubating, food provisioning) were not approached. Sex and age 
were determined by plumage when possible, and double records 
were avoided by not approaching birds of the same species, sex 
and age as previously sampled at the same site.

Escape modes were classified as either taking flight or moving 
away from the approaching observer by walking/running on the 
ground, jumping (either on the ground or to nearby perches) or 
swimming away (for birds located on water that did not fly away 
when approached). Mean temperature and total precipitation for 
the breeding season of each study year and site were obtained by 
either averaging or summing up data from the three months 
covering the main breeding season for birds in each European city 
and their surroundings (March—May for Western Europe, 
April—June for Central Europe, May—July for Southern Scandi-
navia and Estonia and June—August for Northern Finland). 
Climate data were downloaded for the corresponding months, 
years and grid cells from the Essential Climate Variables database 
of the Copernicus project (following Díaz et al., 2021). Species- 
specific bird traits (diet and body mass) were taken from Díaz 
et al. (2021).

Effects of climatic, geographical, habitat and bird trait vari-
ables on escape mode selection were tested using generalized 
linear mixed models (GLMMs) with escape mode as the depen-
dent variable, logit link and binomial distribution of errors. Non- 
flying modes (walking, jumping and swimming away) were 
grouped into a single non-flying escape mode due to extremely 
unbalanced sample sizes (see below). Potential effects of flock 
size were not considered as recent work has demonstrated them 
to be small and strongly species-specific (Morelli et al., 2019; 
Shuai et al., 2024). Species nested within year nested within city 
were included as the random factor to account for site (including 
observer’s and measurement methods, as each city was usually 
sampled by a different observer using consistent measurement 
methods) and year effects other than climate and latitude. We 
tested whether patterns of phylogenetic relatedness would have 
biased results by analysing the taxonomic structure (as a surro-
gate for phylogeny) of the model’s residuals using a mixed linear 
model with Order as the fixed factor and species nested in Genus 
nested in Family nested in Order as the random factor (Bell, 1989; 
Díaz et al., 2021). Taxonomy corresponded with that from the 
Birds of the World database (birdsoftheworld.org/bow/home, 
accessed 15 February 2024). We used a taxonomic control of 
potential phylogenetic effects for consistency with previous 
studies using the same database (Díaz et al., 2021), but we also 
included results from alternative Bayesian phylogenetic methods 
to check robustness of the results (see below). We also tested 
fixed effects of latitude, temperature, precipitation, habitat (rural 
or urban) and perch height, as well as their interactive effects 
with body mass and diet.

Modulating effects of escape mode on FID were tested by fitting 
GLMMs with the same random structure previously described; FID 
was the dependent variable in this case, and we used a model with 
a logarithmic link and Gaussian error (Díaz et al., 2021). Inde-
pendent variables were escape mode, SD or AD, latitude, temper-
ature, precipitation, habitat (rural or urban) and perch height and 
three-way interactions of escape mode with SD/AD and the other 
independent variables. These three-way interactions estimated 
the two-way interactions of escape mode and each environmental 
factor after accounting for the expected effects of SD and/or AD on 

FID, which estimate vigilance costs under the FEAR model 
(Blumstein et al., 2016; Samia et al., 2013, 2017). AD is a more 
direct surrogate for vigilance costs than SD, but it is less frequently 
measured and reported because it is harder to estimate accurately; 
however, SD is also used as this surrogate because of strong cor-
relations with AD and larger sample sizes (Blumstein et al., 2016; 
Samia et al., 2013, 2017). Second-order interactions were also 
included to properly estimate the effects of three-way interactions 
(Underwood, 1996), but the results were not interpreted because 
we had no predictions for them. Main and interactive effects of 
body mass and diet were not included because the complexity of 
the resulting models precluded convergence.

We used type III (orthogonal) sums of squares and the Sat-
terthwaite method to compute approximate degrees of freedom, 
and independent variables were standardized to mean = 0 and 
standard deviation = 1 before analyses to improve the interpret-
ability of main and interactive terms (Díaz et al., 2021; Schielzeth, 
2010). Statistical analyses were performed with SPSS 29.0. Effect 
sizes were computed as Pearson’s product-moment correlation 
coefficients from F values (t > √F; Wilson, 2023) and interpreted 
as small (r < 0.10), intermediate (r = 0.11—0.49) or large (r > 0.50), 
following Cohen (1988).

To check for consistency, we also analysed the effects of cli-
matic, geographical, habitat and bird trait variables on escape 
mode selection and FID using Bayesian phylogenetic GLMMs via 
the MCMCglmm v.2.36 package (Hadfield, 2010; Hadfield & 
Nakagawa, 2010). We incorporated a phylogenetic covariance 
structure (computed using the inverseA function) estimated from 
a single maximum credibility phylogenetic tree as a random effect 
in our models to control for phylogenetic structure. The tree was 
obtained by generating 1000 phylogenies using the Hackett 
backbone on BirdTree.org online tool (Jetz et al., 2012), from which 
the maximum credibility tree was reconstructed using maxCla-
deCred function in the phangorn v.2.11.1 package (Schliep, 2011). 
All continuous predictors were centred and scaled before analysis 
(mean = 0, SD = 1; Schielzeth, 2010). We implemented Bayesian 
hierarchical models to analyse the influence of predictors on 
escape mode selection and FID, incorporating year nested in lo-
cality as a random effect. We did not incorporate species within 
the nested design structure for random effects to avoid over-
parameterization, as species effects were also included in the 
phylogenetic covariance structure. We specified uninformative 
inverse-gamma priors for random effects and an uninformative 
prior for residual variance. For escape mode selection, we used a 
threshold model with a binomial response, while for FID, we used 
a Gaussian response model with identity link on log-transformed 
FIDs (Díaz et al., 2021). We then fitted models using the same 
predictors and interactions between them as specified in taxo-
nomic models. Models were run for 130 000 iterations with a 
burn-in of 30 000 and a thinning interval of 100 to reduce auto-
correlation. Convergence of model parameters was assessed using 
the Gelman—Rubin statistic (Gelman & Rubin, 1992), ensuring that 
within-chain and between-chain variances were comparable, 
which is most suitable when multiple parameters are estimated 
(Du et al., 2022). We examined posterior fixed effect distributions 
using 95% highest posterior density intervals to determine statis-
tical significance, also giving effective sample sizes for each 
parameter estimate.

Ethical Note

Disturbance to birds while measuring FIDs does not imply 
additional stress than those derived from normal human activities 
at the sampling sites. Furthermore, we avoided disturbing adults 
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engaged in reproductive activities. Finally, no permits were 
needed because the data came from a published database.

RESULTS

The database of Díaz et al. (2021) includes 21 222 records on 179 
species with information on escape mode. They were collected at 
15 localities during the breeding seasons of 2009—2019. Most in-
dividuals escaped by taking flight (15 940 records; 79%), 26% (5265 
records) escaped by jumping or walking, and only 17 (0.002%) by 
swimming away, which were not discarded for consistency with 
our multi-species, multi-site approach aimed at testing general 
hypotheses. Further, results obtained after excluding these 17 re-
cords were almost identical (not shown). The same was true when 

excluding species with <5 records (98 records from 49 species). 
Missing data for SD, AD or perch height reduced sample sizes 
accordingly in the corresponding models (Tables 1 and 2).

Factors Modulating Escape Mode Decisions

Climatic and geographical factors had small, not significant, 
pure effects on escape mode decisions, whereas bird traits (body 
mass and diet) had significant intermediate effects (Table 1). Po-
tential phylogenetic effects were controlled for by the GLMM, as 
the residual variance accounted for by the random taxonomic 
structure did not differ from zero (variance = 0.00, Z = 0.50, 
P = 0.618). Bayesian models produced the same overall results 
(Table S2), although they were more powerful at detecting 

Table 1 
Results of the GLMM testing for the effects of climatic, geographical and bird trait variables, as well as perch height when approach started, on escape mode decisions

Effect F df P B ± SE Effect size (r)

Precipitation 0.00 1, 20 284 0.999 − 3.11 ± 144.76 0.000
Temperature 0.00 1, 20 284 0.982 − 0.43 ± 248.55 0.000
Latitude 0.00 1, 20 284 0.986 5.64 ± 251.10 0.000
Habitat 0.01 1, 20 284 0.937 U]R 0.000
Body mass 6.56 1, 1343 0.011* 0.57 ± 0.10 0.176 (I)
Diet 5.16 5, 2089 <0.001* (Fig. 1) 0.112 (I)
Perch height 0.00 1, 20 284 0.992 3.83 ± 55.06 0.000
Latitude × body mass 8.26 1, 1314 0.004* − 0.27 ± 0.09 0.222 (I)
Latitude × diet 6.13 5, 1832 <0.001* (Fig. 2) 0.142 (I)
Precipitation × body mass 0.01 1, 1187 0.934 0.01 ± 0.07 0.000
Precipitation × diet 3.05 5, 1756 0.010* (Fig. 2) 0.073 (S)
Temperature × body mass 2.07 1, 1739 0.150 − 0.09 ± 0.06 0.050
Temperature × diet 2.41 5, 1984 0.034* (Fig. 2) 0.054 (S)
Habitat (R) × body mass 56.18 1, 11 020 <0.001* − 0.71 ± 0.09 0.472 (I)
Habitat (R) × diet 1.87 5, 20 284 0.095 0.013
Perch height × body mass 29.30 1, 20 284 <0.001* − 0.35 ± 0.06 0.202 (I)
Perch height × diet 3.96 5, 20 284 0.001* (Fig. 2) 0.028 (S)

Binomial error and logit link. Escape mode decisions are scored as 1 for flight and 0 for lower-cost alternatives. Positive coefficients (B) thus indicate higher likelihood of 
escape by flight, or enforcement of pure effects in the case of interactions, and negative coefficients indicate lower likelihood of flight and attenuation of pure effects. Model 
statistics: F 41, 2622 = 18.83, P < 0.001, marginal pseudo-R 2 = 0.328, conditional pseudo-R 2 = 0.522, AICc = 105190.54. Effect sizes (r) were computed from t values (t = B/SE 
(B)) following Wilson (2023) and judged small (S), intermediate (I) or large (L) following Cohen (1988). R: rural habitat. 
*P < 0.05.

Table 2 
Results of the GLMMs testing for the effects of escape mode decisions on relationships between alert distance (AD) on FID, and how climatic and geographical variables 
influenced such effects

Effect F df P B ± SE Effect size (r)

Escape mode 389.90 1, 13 320 <0.001* − 0.27±0.02 0.118 (I)
AD 3266.27 1, 13 372 <0.001* 0.47±0.01 0.364 (I)
Precipitation 0.71 1, 1100 0.398 0.00±0.01 0.009
Temperature 20.23 1, 1192 <0.001* 0.04±0.01 0.080 (S)
Latitude 2.24 1, 1184 0.135 0.02±0.01 0.043
Habitat (rural) 1051.92 1, 13 279 <0.001* 0.43±0.01 0.328 (I)
Perch height 410.62 1, 13 372 <0.001* 0.05±0.00 0.108 (I)
Escape mode × AD 82.10 1, 13 351 <0.001* 0.11±0.03 0.038 (S)
Escape mode × precipitation 1.21 1, 13 371 0.271 0.02±0.01 0.010
Escape mode × temperature 15.14 1, 13 291 <0.001* 0.06±0.01 0.034 (S)
Escape mode × latitude 0.05 1, 13 347 0.824 0.00±0.02 0.002
Escape mode × habitat (rural) 2.71 1, 13 160 0.100 − 0.04±0.02 0.014
Escape mode × perch height 72.74 1, 13 315 <0.001* 0.07±0.01 0.074 (S)
Mode × AD × precipitation 1.36 1, 13 367 0.244 − 0.02±0.01 0.010
Mode × AD × temperature 72.39 1, 13 350 <0.001* − 0.12±0.01 0.073 (S)
Mode × AD × latitude 39.51 1, 13 365 <0.001* 0.08±0.01 0.054 (S)
Mode × AD × habitat (rural) 3.10 1, 13 366 0.078 0.05±0.03 0.015
Mode × AD × perch height 3.69 1, 13 326 0.055 − 0.01±0.01 0.017

Gaussian error and log link. Models included all two-way interactions between fixed factors (Table S1), but results are shown only for interactions relevant for the hy-
potheses tested. Model statistics: F 24, 6410 = 1346.21, P < 0.001, marginal pseudo-R 2 = 0.486, conditional pseudo-R 2 = 0.671, AICc = 22 546.95. Effect sizes (r) were computed 
from t values (t = B/SE(B)) following Wilson (2023) and judged small (S), intermediate (I) or large (L) following Cohen (1988). AICc: corrected Akaike information criterion; 
FID: flight initiation distance; GLMM: generalized linear mixed model. 
*Indicates P < 0.05.
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significant effects of climatic and geographical factors: preference 
for the flight escape mode was larger in rural than in urban hab-
itats, increased with latitude, and decreased with temperature and 
rainfall.

Larger birds were more prone to escape using low-energy 
modes than smaller birds, and active predators (raptors, fish 
eaters and aerial insectivores) took flight to escape more 
frequently than foliage-gleaning insectivores, herbivores and 
omnivores (Fig. 1, Table 1). Body mass effects varied with latitude, 
habitat and perch height and had intermediate effect sizes, 
whereas diet effects varied with climate, latitude and perch height 
and had comparatively small effect sizes (Table 1). Latitude, rural 
habitat and perch height interacted negatively (i.e. reduced) with 
the positive effects of body mass on preference for lower-cost 
escape modes, with no significant interactive effects of climate 
variables (Table 1).

Diet differences in escape mode preference did not vary 
among habitats, whereas latitude, climate and perch height 
modulated them (Table 1, Fig. 2). Predator preferences for flight 
escape were not modulated by these variables (coefficients for 
the variable × escape mode interaction did not differ from zero; 
Fig. 2). Preferences for flight escape by fish eaters and aerial 
insectivores increased with latitude and decreased with precip-
itation, temperature and perch height (Fig. 2). Foliage-gleaning 
insectivores showed the same pattern except for perch 
height, which increased preferences. Omnivore and herbivore 
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preferences decreased with temperature and increased with 
precipitation, latitude and perch height, although results were 
not significant for herbivores along latitude and precipitation 
gradients (Fig. 2).

Modulating Effects of Escape Mode on Escape Distances

Potential taxonomic effects (as surrogates for phylogenetic ef-
fects) were controlled for in the AD GLMM model (residual vari-
ance accounted for by the random taxonomic structure = 0.002, 
Z = 1.51, P = 0.132) but not in the SD model (variance = 0.002, 
Z = 2.26, P = 0.024). Corrected Akaike information criterion (AICc) 
values were smaller for the AD than for the SD model (22 546.95 vs 
41 604.65) despite lower sample sizes (N = 13 397 vs N = 18 297) 
due to more missing data for AD than for SD. Lack of control for 
taxonomic effects, higher AICc and lower theoretical connection 
between SD effects and vigilance costs supported not considering 
the SD model further; besides, the results of both models were 
very similar (not shown). FIDs were longer when birds escaped by 
taking flight than when they chose lower-cost alternatives (Fig. 3) 
after accounting for significant well-known effects of AD, tem-
perature, latitude, habitat and perch height (Table 2). Effect sizes of 
escape mode on FID were intermediate (Table 2). Bayesian models 
produced the same overall results, with varying differences at 
detecting significant effects (Table S3). Results of these models did 
not change after including potential effects of body mass and were 
almost the same when testing for SD or AD effects (Table S4).

FID differences between escape modes increased with 
temperature and perch height, with small effect sizes, and were 

larger in rural than in urban habitats (Table 2). AD effects on FID 
were larger when birds escaped by flight than when they used 
other alternatives (Fig. 4, Table 2). However, the effect sizes were 
small. Finally, temperature and latitude modulated escape mode 
differences in AD—FID relationships, with small effect sizes 
(Table 2). Differences decreased with increasing temperature and 
latitude (Fig. 5).

DISCUSSION

Escape decisions by animals often include two main steps: (1) 
when to escape when approached by a potential predator 
(Blumstein et al., 2016; W. E. Cooper & Frederick, 2007; Morelli 
et al., 2022; Samia et al., 2013, 2017; Ydenberg & Dill, 1986), and 
(2) the escape mode for those species that have alternative modes, 
which may differ in costs and benefits (Grim et al., 2024; Kalb 
et al., 2019; Nov � ci � c & Para � ca, 2021; Rodríguez-Prieto et al., 
2008). Using birds as a model group and a large dataset, we 
expanded the study of optimal escape behaviour to integrate de-
cisions on escape modes with the decision on when to escape an 
approaching threat.

Preferences for alternative escape modes varied spatially and 
temporally in a way consistent with the expectations from 
risk—energy trade-off optimization. Comparisons with patterns of 
FID variation along environmental gradients and life history traits 
allowed us to analyse whether escape mode decisions were 
complementary or compensatory to escape distance decisions and 
whether decisions were more associated with risk avoidance or 
energy-saving strategies. Escape mode preferences interacted 
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with fleeing—staying decisions, suggesting a behavioural integra-
tion of different aspects of escape strategies under a general 
optimization model.

Overall, we found that birds preferred to escape by flight over 
alternative modes. This may suggest that avoiding risks was rela-
tively more important than energy conservation when birds 
decided how to move away from an approaching threat. However, 
this result may also arise from other advantages of flying, such as 
moving away from potentially depleted patches to explore new 
ones (e.g. Pulido & Díaz, 2000 and references therein) or moving to 
exposed places to monitor ambush predators better (Kalb et al., 
2019). Escape mode variation along geographical and climate 
gradients helped test whether escape decisions result from vari-
able effects of energetic and risk avoidance needs, as already done 
for FID variation (Díaz et al., 2021; Díaz & Møller, 2023).

Surprisingly, environmental variables known to affect FIDs 
(precipitation and temperature, as surrogates for food availability 
and needs, and latitude, habitat and perch height, as surrogates for 
predation risk; Díaz et al., 2021; Díaz & Møller, 2023) had rela-
tively small effects on escape mode decisions, while species- 
specific traits known to modulate escape distances, namely body 
mass (Møller, 2015b) and diet (Díaz et al., 2021), had large effects. 
Increased preference for less demanding but riskier escape modes 
by larger birds indicated that avoiding predation risk was rela-
tively less important than energy conservation for escape mode 
decisions because the energy costs of flight tend to increase with a 

bird’s body mass (Hedenstr€ om & Alerstam, 1992). However, the 
probability of attack by a predator decreases for the largest birds 
(Møller et al., 2012). The modulating effects of latitude and perch 
height were consistent with this interpretation because body mass 
effects tended to be weaker at increasing latitudes and perch 
heights, and in rural compared with urban habitats. Abundance 
and/or exposure to predators decreases along these environmental 
gradients and among habitats (Díaz et al., 2013; Møller, 2010) so 
weaker effects of predation risk on escape mode decisions were 
expected compared to energy saving.

Results on diet effects suggest that potential prey species (i.e. 
foliage-gleaning insectivores, herbivores and omnivores) selected 
riskier but more energy-saving modes of escape than active 
predators (i.e. predators, fish eaters and aerial insectivores), also 
indicating stronger importance of energy saving than risk avoid-
ance. Active predators are usually good flyers (Hedenstr € om & 
Ros � en, 2001) so escaping by flight would be less costly for them. 
There were mixed patterns when we examined diet-related vari-
ations in preferences along environmental gradients. Bird and 
mammal-eating raptor preferences were not sensitive to envi-
ronmental variation. However, fish- and insect-eating predators 
escaped by flight less often when food conditions were better or 
were perched above ground but with decreasing predation risk, a 
pattern partially consistent with both energy saving and risk 
aversion strategies. Potential prey (herbivores and omnivores) had 
comparatively weaker responses to temperature and latitude 
variation and sometimes had the opposite response: There were 
increased preferences for the safer but costlier modes with 
increasing rainfall and height above ground, a pattern not ex-
pected under a risk aversion scenario. However, interactive effects 
of diet on environmental influences on escape mode preferences 
had small effect sizes, so these mixed results should be taken with 
caution.

Overall, geographical, climatic and bird trait effects on escape 
mode selection point to a baseline risk avoidance function of 
escape mode, secondarily modulated by energy-saving re-
quirements in certain contexts. We emphasize that this interpre-
tation somewhat contradicts current views on the underlying 
causes of FID decisions. Our results suggest that birds delay escape 
to avoid energy and lost opportunity costs, but this decision is 
further influenced by overall levels of predation risk, disturbance 
or energy needs (Cooper & Blumstein, 2015; Díaz & Møller, 2023).

Escape mode decisions should be integrated in future studies of 
FID in birds and other animals. Simple models would predict a 
higher likelihood of flight escapes for shorter FIDs, to compensate 
for higher risk incurred when allowing a closer approach to 
decrease energy and lost opportunity costs (Rodríguez-Prieto 
et al., 2008). Nevertheless, this prediction would change when 
considering the costs and risks of monitoring a predator (or its 
human surrogate) during the approach. In this case, longer ap-
proaches imply higher costs, so lower-cost escape modes would be 
selected (Grim et al., 2024; Nov � ci � c & Para � ca, 2021).

Longer FIDs for flight escapes did not support a compensatory 
integration between escape and fleeing—staying decisions. We 
further tested this potential integration by analysing how escape 
mode and environmental conditions influenced the effects of AD 
on FID under the FEAR model (Blumstein et al., 2016; Samia et al., 
2013, 2017). This model predicts positive effects of AD on FIDs 
because AD estimates the costs of monitoring an approaching 
predator. Effects of AD on FID were stronger when escape was by 
flight, whereas stronger effects would have been predicted for less 
costly escape modes if escape mode selection compensated for 
monitoring costs. Differences in the effects of AD on FID decreased 
along temperature and latitudinal gradients, as expected if risk 
avoidance rather than energy-saving strategies predominate, 
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pointing again towards a risk-managing function of escape mode 
preferences.

Our study had some limitations. We conducted our research 
during the breeding season. Therefore, our results are not directly 
applicable for other seasons, when optimal cost—benefit trade-offs 
can change due to both changing needs associated with courtship 
or nest defence (Mikula et al., 2018) or to changing environmental 
conditions (e.g. lower abundance or accessibility of food sources, 
or restrictions of alternative escape modes by e.g. snow cover). We 
did not measure vegetation cover or distance to the refuge, which 
may influence FIDs (e.g. Morelli et al., 2022), which could also 
affect escape mode decisions. Small sample sizes for predators and 
for birds escaping by swimming away also precluded more 
detailed analyses. These additional aspects should be investigated 
in future studies.

To conclude, integrating escape mode and escape distance an-
alyses suggest complementary rather than compensatory re-
sponses regarding behavioural decisions under the predator 
risk—food needs trade-off. While FID decisions seem mostly 
driven by energy and opportunity gain, escape mode seemed more 
related to reducing predation risk. Future work on escape behav-
iour should expand the integration of escape mode decisions with 
FIDs and post-escape behaviour (Kalb et al., 2019; Morelli et al., 
2022), using environmental gradients or experiments to test 
alternative underlying causal explanations (Díaz et al., 2022; Díaz 
& Møller, 2023).
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