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INTRODUCTION

A large variety of antipredator adaptations exist in the animal kingdom, but one of the most common is escape, considering that even morphologically or chemically well protected species still often turn to escape when encountering a predator [START_REF] Hatle | Sluggish movement and repugnant odor are positively interacting insect defensive traits in encounters with frogs[END_REF][START_REF] Polo-Cavia | Interspecific differences in responses to predation risk may confer competitive advantages to invasive freshwater turtle species[END_REF]. The safest way to avoid being injured or depredated is to distance oneself from predators. However, escape can be costly if it interrupts a fitness enhancing activity, such as foraging, courting, or defending its territory, and escape itself can be costly in energetic terms [START_REF] Ydenberg | The economics of fleeing from predators[END_REF]. Therefore, it is necessary for prey to correctly assess the degree of predation risk posed by a predator or other threatening stimulus to avoid unnecessary costs [START_REF] Ydenberg | The economics of fleeing from predators[END_REF]. In other words, while an underestimation of risk could be lethal for prey, an overestimation of risk would be costly as well -especially if the prey reveals itself to a predator that had no prior intent of attack [START_REF] Broom | You can run-or you can hide: optimal strategies for cryptic prey against pursuit predators[END_REF].

The first and most recognized economic model of escape behaviour was a simple graph by [START_REF] Ydenberg | The economics of fleeing from predators[END_REF], illustrating the changes in the costs of fleeing and remaining of a stationary prey when approached by a predator. The model predicted that the optimal distance for escape would be when the cost of fleeing is equal to the cost of remaining. This model has been updated by [START_REF] Blumstein | Flight-initiation distance in birds is dependent on intruder starting distance[END_REF] to distinguish the risk assessment zone (Zone II in Fig. 1) from the zone where risk is not assessed due to overly long distance between prey and predator (Zone III in Fig. 1), and from the zone where escape is immediate due to short distance (Zone I in Fig. 1). These models have been made to predict flight initiation distance (FID) -the remaining distance between prey and predator at the moment of escape. FID has become a commonly used measure of fearfulness and has been used for various taxa to test hypotheses about decisions made under threat of predation (Cooper & Blumstein 2015). Most studies that make use of FID use a human observer as an approaching predator (Stankowich & Blumstein 2005) because humans and human-caused disturbances can also be considered a form of predation risk [START_REF] Frid | Human-caused disturbance stimuli as a form of predation risk[END_REF].

FID is a consistently repeatable personality trait [START_REF] Carter | Agamas exhibit behavioral syndromes: bolder males bask and feed more but may suffer higher predation[END_REF][START_REF] Holtmann | Personality-matching habitat choice, rather than behavioural plasticity, is a likely driver of a phenotype-environment covariance[END_REF][START_REF] López | The personality of escape[END_REF], but it is also affected by extrinsic factors, such as the speed, size, and directness of an approaching predator (Stankowich & Blumstein 2005). Moreover, FID is negatively correlated with the density of pedestrians [START_REF] Mikula | Pedestrian density influences flight distances of urban birds[END_REF]Stankowich & Blumstein 2005), which is likely to be a result of both habituation and risk allocation (Rodriguez-Prieto et al. 2008b).

Population level differences in FID, such as urban boldness, can also be explained by microevolutionary changes [START_REF] Møller | Flight distance of urban birds, predation, and selection for urban life[END_REF] or phenotypic sorting [START_REF] Holtmann | Personality-matching habitat choice, rather than behavioural plasticity, is a likely driver of a phenotype-environment covariance[END_REF].

Another important parameter of escape is distance fled [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF], orwhen measured in time units -escape duration or flight time (Collop et al. 2006).. Distance fled has received little attention in escape models (Cooper & Blumstein 2015, p. 57) and is often regretfully neglected when the costs of escape are discussed [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF][START_REF] Jr | Tradeoffs between escape behavior and foraging opportunity by the Balearic lizard (Podarcis lilfordi)[END_REF] have suggested that distance fled could be similarly modelled as FID, with one slope predicting risk of predation, and the other predicting cost of leaving a resource (as in Fig. 1). However, it is unclear whether distance fled is decided upon the moment of escape, or whether prey continuously, during escape, assess the risk of predation and other costs of escape to decide on the final destination. In addition, the so-called zigzagging escape during chase (characterized by frequent turns) is typically attributed to increasing unpredictability of escape (Domenici & Ruxton 2015, p. 213), and not seen as a series of informed corrections to escape trajectory. The question of dynamic risk assessment (DRA) has been briefly discussed in relation to FID [START_REF] Jr | Direction of predator turning, a neglected cue to predation risk[END_REF]Cooper 2006a;[START_REF] Bateman | Switching to Plan B: changes in the escape tactics of two grasshopper species (Acrididae: Orthoptera) in response to repeated predatory approaches[END_REF], time spent in refuge [START_REF] Martín | Wall lizards modulate refuge use through continuous assessment of predation risk level[END_REF], and distance fled [START_REF] Bateman | Switching to Plan B: changes in the escape tactics of two grasshopper species (Acrididae: Orthoptera) in response to repeated predatory approaches[END_REF]Collier & Hogdson 2017), but there seems to be ambiguity about what is dynamic assessment and what is not.

Cooper (1998) was possibly the first to point out that the economic model of escape [START_REF] Ydenberg | The economics of fleeing from predators[END_REF] does not account for rapidly changing risk curves, after studying how lizards react to sudden turns by an approaching human. The first study to have purposefully tried to demonstrate DRA in escape behaviour was by Cooper (2006a), who examined how lizards change their FID in relation to the speed of an approaching predator. More specifically, Cooper (2006a) tested whether switching his walking speed from slow to fast, and from fast to slow during approach have a different effect on FID from not changing speed midway. It was evident that slow and fast-slow speeds resulted in a highly similar short FID, and fast and slow-fast speeds had a similar long FID.

Cooper (2006a) concluded that FID depends only on the final approach speed, and that this was strong evidence for his hypothesis that prey continuously assess the predation risk when encountering a predator.

Other studies that have attempted to demonstrate DRA in escape have been done by making successive approaches towards prey after its escape. [START_REF] Bateman | Switching to Plan B: changes in the escape tactics of two grasshopper species (Acrididae: Orthoptera) in response to repeated predatory approaches[END_REF] and Collier & Hogdson (2017) found that grasshoppers change their escape strategies over successive approaches depending on the perceived risk of predation. While it was shown that risk of predation is quickly recalculated, it was unclear whether risk was assessed in real time during escape or just before each escape. If even a momentary delay can be enough to make new accurate risk assessments, as shown in [START_REF] Lind | Split-second escape decisions in blue tits (Parus caeruleus)[END_REF], then a methodology using repeat approaches cannot be regarded as a continuous pursuit. That is, new escape decisions could still have been made before each escape. The cost of remaining could have increased each time because of the heightened perception of predation risk from previous escape attempts.

Behaviour in these experiments on grasshoppers changed dynamically, but possibly not in the way originally hypothesized by [START_REF] Jr | Direction of predator turning, a neglected cue to predation risk[END_REF]Cooper ( , 2006a)).

While there is plenty of evidence to suggest that prey do indeed monitor approaching predators before initiating flight (Stankowich & Blumstein 2005;Cooper & Blumstein 2015), the extent to which they monitor while fleeing is less clear. For example, some lizards stop shortly after escape, and subsequently turn their heads to the side to monitor and assess risk [START_REF] Jr | Visual monitoring of predators: occurrence, cost and benefit for escape[END_REF]. While some species, e.g. the Eurasian woodcock (Scolopax rusticola), do have a 360º view of their surroundings [START_REF] Martin | Visual fields in woodcocks Scolopax rusticola (Scolopacidae; Charadriiformes)[END_REF], most birds tend to have a blind area at the back of their head [START_REF] Martin | Visual fields and their functions in birds[END_REF], including corvids [START_REF] Fernández-Juricic | Visual coverage and scanning behavior in two corvid species: American crow and Western scrub jay[END_REF]. Furthermore, visual acuity varies in different parts of the visual field, forcing birds to move their heads or eyes when monitoring their surroundings [START_REF] Fernández-Juricic | Sensory basis of vigilance behavior in birds: synthesis and future prospects[END_REF]. Thus, DRA during escape would put requirements on the movement of the head, or on the escape trajectory. Indeed, escape angles that allow continuous tracking of predator during escape are common in several taxa [START_REF] Domenici | Prey behaviors during fleeing[END_REF]. However, birds, though poorly studied regarding horizontal escape trajectories, have been characterized by having two peaks: 180º to maximize distance from the predator (sometimes followed by a turn towards the predator to fly over it), and 90º for rapid evasion from predator's line of attack [START_REF] Domenici | Animal escapology II: escape trajectory case studies[END_REF].

The goal of the current study was to test whether escape by birds change in a way consistent with DRA when escaping from predators -that is, to study the ability to adjust escape plans in real time according to the actions of predators.

For that, we made three different types of approaches: "halt" -the potential predator (human) comes to a halt when the bird initiates escape; "forward"approach is continued in a straight line after escape begins; "chase" -the bird is chased during escape (Fig. 2, see Materials and methods for details). Perceived risk of predation was assessed by measuring escape duration. We predicted that the time spent on escape will be the shortest in the case of approach type "halt", intermediate with type "forward", and the longest with type "chase". If prey would not continue risk assessment during escape, then there would be no significant variation among different approach types as the destination would be pre-fixed. In addition, we set out to further examine the patterns of escape durations by including potential covariates and factors -such as FID, escape angles, species identity, and escape strategy (see Materials and methods) -in a linear mixed-effects analysis. Furthermore, we took interest in finding potential predictors of initial escape angle and angular change during escape as these variables could provide additional explanations for the variation in escape routes. Three relatively similar species of corvids were used in the study: the hooded crow (Corvus cornix), the rook (Corvus frugilegus), and the Eurasian jackdaw (Coloeus monedula). We selected corvids because their high cognitive abilities [START_REF] Cramp | The birds of the western Palearctic interactive[END_REF][START_REF] Emery | The mentality of crows: convergent evolution of intelligence in corvids and apes[END_REF] should favour DRA, and larger species tend to have longer distance fled [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF]), which gives them more time to assess risk. We also examined whether there are any interspecific differences in how risk is assessed. Studying how animals react to different stimuli under threat of predation helps to understand how humancaused disturbances could affect the well-being of wild animals [START_REF] Frid | Human-caused disturbance stimuli as a form of predation risk[END_REF].

MATERIAL AND METHODS

Study system

The study was conducted in two major Estonian cities, Tartu (58°23′N 26°43′E) and Tallinn (59°26′N 24°44′E) from May to July, 2018. We set out to collect data until we had at least 90 behavioural observations of each corvid species. The final data set consisted of 90 hooded crows, 108 rooks, and 126 Eurasian jackdaws. Potential resampling of individuals was minimized by not visiting the same locations (e.g. parks, streets) more than once. Observations were conducted between 8 AM and 5 PM under similar weather conditions (no precipitation, wind speed less than 6 m/s, temperature 11-22 °C).

The hooded crow, the rook, and the Eurasian jackdaw are common species in Estonian cultural landscapes, but have often been persecuted by humans [START_REF] Elts | Linnuatlas. Eesti haudelindude levik ja arvukus[END_REF]. The hooded crow and the rook are similar in size (44-47 cm in length), while the Eurasian jackdaw is 75% smaller than the two (33-34 cm) [START_REF] Cramp | The birds of the western Palearctic interactive[END_REF]. Smaller birds usually have a shorter FID [START_REF] Blumstein | Developing an evolutionary ecology of fear: how life history and natural history traits affect disturbance tolerance in birds[END_REF] and distance fled [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF], and that is the case for the Eurasian jackdaw as well, compared with the other two species [START_REF] Livezey | Database of Bird Flight Initiation Distances to Assist in Estimating Effects from Human Disturbance and Delineating Buffer Areas[END_REF][START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF]. The Eurasian jackdaw and the rook are typically colonial, while the hooded crow is territorial [START_REF] Cramp | The birds of the western Palearctic interactive[END_REF]). All three species almost wholly forage on the ground and can be seen flocked together when foraging or roosting [START_REF] Cramp | The birds of the western Palearctic interactive[END_REF]). Picking food from the surface is the most frequent foraging behaviour for the Eurasian jackdaw and the hooded crow, while deep probing the soil is the most frequent for the rook [START_REF] Waite | Winter habitat selection and foraging behaviour in sympatric corvids[END_REF].

Starting distance

Upon finding a corvid on the ground, we measured the starting distance (i.e. the distance between the observer and the bird) with Laser Rangefinder PROSTAFF 3i (Nikon Vision Co., Ltd., Tokyo, Japan; measurement range 7.3-590 m, accuracy 0.1 m). We avoided starting distances that were considerably shorter than 30 m because with short starting distances, there is a risk that the bird is already in the zone of maximum risk where prey immediately escape when spotting a predator (Fig. 1; [START_REF] Blumstein | Flight-initiation distance in birds is dependent on intruder starting distance[END_REF]. Furthermore, unpublished data from our previous studies indicates that the three selected species of corvids very rarely have FIDs longer than 24 m in Estonian urban areas (6 observations out of 486). In the present study, starting distances ranged from 28.0 m to 59.4 m and the median was 33.7 m (1 st quartile 31.3, 3 rd quartile 37.4). We also recorded the activity of the focal bird. Out of the total 323 observations in this study, 278 (86.1%) focal birds were foraging, 27 (8.4%) were resting, 16 (5%) were eating, 1 (0.3%) was grooming itself, and 1 (0.3%) was vocalizing.

Approach type

Next, we approached the focal bird at a normal walking speed (about 1.3 m/s), but the termination of approach depended on the approach type. We approached birds in three ways: (I) approach until the bird initiated escape (defined as "halt"); (II) approach was continued in a straight line after escape begins (regardless of the escape direction of the bird) until the bird stops or the observer reaches the initial location of the bird (defined as "forward"); and (III) the bird was followed during escape until it stopped (defined as "chase") (Fig. 2). For approach type "forward", the initial location of the bird was selected as the termination point because often it is not possible to continue walking indefinitely beyond the initial spot due to obstacles such as trees, fences or buildings. The order in which approach types were executed followed a continuous loop, i.e. "halt"-"forward"-"chase"-"halt"-"forward"-"chase" etc.

Eliciting an escape response causes only a brief disturbance for urban birds that should not significantly differ from the daily disturbance involuntarily caused by pedestrians.

Flock size

Flock size was estimated as the number of individual corvids in a 15 m radius of the focal bird (chosen as the one closest to the observer), similarly to e.g. [START_REF] Guay | Distance from water, sex and approach direction influence flight distances among habituated black swans[END_REF], [START_REF] Samia | Rural-urban differences in escape behavior of European birds across a Latitudinal Gradient[END_REF] and [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF]. Other individuals from that flock were not experimentally approached. However, on some occasions, when flocks were few and large (extending over the 15 m radius), multiple individuals from these extended flocks were approached. The latter was done only when it was clear that the second individual showed no visible alert behaviour (i.e. head-up posture) after the first one had escaped, and when there was at least 30 m of starting distance to the second individual. In addition, the observer waited at least two minutes before initiating the new approach to further minimize potential carryover effects.

Escape duration and its predictors

We noted whether escape was terrestrial, aerial, or both (i.e. the bird switched from terrestrial to aerial escape strategy while fleeing). However, in the statistical models we used a binary escape strategy where terrestrial strategy also includes the strategy "both", because there were too few observations from the category "both" to make more precise models. Escape duration was measured with a stopwatch from the moment escape was initiated until the bird stopped (even if temporarily) with centisecond (cs) precision. If a bird escaped out of sight (13.3% of cases: N = 15 for approach type "halt", N = 14 for type "forward", and N = 14 for type "chase"), counting immediately stopped. Each escape trajectory was drawn onto a circle by visual estimation to measure initial and final escape angle in relation to the observer. Later, the difference between initial and final escape angles was defined as change in escape angle.

Whenever possible (93.2% of cases), distance fled was linearly measured in addition to escape duration, as in [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF], but we preferred to use escape duration as the dependent variable because it is a more precise characteristic when dealing with non-linear escape paths (e.g. zigzag movement). Furthermore, height and type of the chosen refuge (tree, ground, other, NA) were recorded. We also measured distance to the closest potential refuge (tree, bush, post, or fence), that is at least two meters high, from the initial location of the bird. Lastly, density of trees was calculated as the number of trees (defined as upright single-stemmed plants that are at least two meters high) in a 15 m radius to account for possible habitat effects.

FID-phi

Instead of ordinary flight initiation distance (FID), we used FID-phi [note to the Editor: we would like "phi" to be replaced with the corresponding Greek letter in the final version. PDF conversion at the submission site was unable to display the proper symbol.] that was calculated as the distance approached by the observer in relation to starting distance at the moment the focal bird began escaping. The exact equation of FID-phi was: 1 -(distance approached / starting distance). The use of phi index was inspired by [START_REF] Samia | Phi index: a new metric to test the flush early and avoid the rush hypothesis[END_REF], who used it to study the relationship between alert distance and FID, but we modified the equation so that the values can be interpreted similarly to ordinary FID, with larger values indicating an earlier escape. The use of a relative measure was necessary because approach type "chase" did not allow us to directly measure the remaining distance to the bird (and we could not simply subtract the walked distance from starting distance because the birds often moved while foraging). However, due to the almost universal positive correlation between starting distance and FID [START_REF] Blumstein | Flight-initiation distance in birds is dependent on intruder starting distance[END_REF], that may partly be due to mathematical reasons [START_REF] Dumont | Flight initiation distance and starting distance: biological effect or mathematical artefact[END_REF], relative measurement of escape components may provide more informative results (e.g. [START_REF] Samia | Rural-urban differences in escape behavior of European birds across a Latitudinal Gradient[END_REF]) that are not biased by mathematical constraints [START_REF] Samia | Phi index: a new metric to test the flush early and avoid the rush hypothesis[END_REF].

Statistical methods

The main hypotheses were tested with general linear mixed models using the library lme4 [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF] in R version 3.5.2 (R Core Team 2018).

Continuous variables (escape duration, distance to refuge, density of trees, change in escape angle) were log 10 -transformed to make the data conform more closely to the normal distribution. The sample means from the values of starting distance, FID-phi, and escape angle were subtracted to reduce multicollinearity from the included interaction terms. Escape angle was scaled by dividing by two times its standard deviation to put it on a similar scale of units with other predictors [START_REF] Gelman | Scaling regression inputs by dividing by two standard deviations[END_REF]. The relationship between escape angle and other variables could be non-linear, because angles below 90° indicate an escape towards the predator and over 90° indicates escape away from the predator, but we have too few observations below 90° to convincingly model such non-linearity. City district was used as a random factor in all models to account for potential site and population specific variation. Function dredge from the library MuMIn [START_REF] Bartoñ | MuMIn: Multi-Model Inference[END_REF]) was used to generate all combinations of predictors from the global model. Using the same library, these combinations were then ranked by Akaike information criterion (AIC) values and then model averaging was done on a set of models where ΔAIC < 4. Uninformative parameters were removed from the top model set according to the criteria suggested by [START_REF] Leroux | On the prevalence of uninformative parameters in statistical models applying model selection in applied ecology[END_REF]. The natural average method was used for model averaging. Estimates of predictors were considered to have support for an effect on the dependent variable whenever their 95% confidence intervals did not overlap zero. Library emmeans [START_REF] Lenth | emmeans: Estimated Marginal Means, aka Least-Squares Means. R package version 0[END_REF] was used for pairwise comparisons with Tukey's method, and for creating corresponding plots of estimated marginal means. Partial residual plots were created with the library visreg [START_REF] Breheny | visreg: Visualization of Regression Models. R package version 2[END_REF].

Circular statistics and figures were carried out with Oriana 4 software [START_REF] Kovach | Oriana -Circular Statistics for Windows, ver. 4[END_REF]. Escape angle data were divided into twenty 18° bins centered at 0°.

Escapes to the left and right side were pooled after finding no statistically significant differences between the distributions of the left and right side for any of the three species using Watson's U 2 tests (see Fig. A1 for initial escape directions before pooling). Escape angle of 180° indicates an escape straight away from the human observer, while an angle of 0° indicates escape towards the observer.

RESULTS

Escape strategy and refuge type

During escape, more individuals changed their escape strategy from terrestrial to aerial for approach type "chase" (34/43) compared with approach type "halt"

(5/39) as indicated by the Chi-square test of independence, χ 2 (1, N = 82) = 33.38, p < 0.001, and also compared with approach type "forward" (7/46), χ 2 (1, N = 89) = 33.95, p < 0.001. There was no significant difference in escape strategies between approach type "halt" and "forward", χ 2 (1, N = 85) = 0.1, p = 1.00. Previously listed p-values were adjusted with the Bonferroni correction.

Preference for refuge types was equally distributed among approach types "halt", "forward", and "chase", χ 2 (6, N = 323) = 3.58, p = 0.734, with ground being the most frequently used choice (56.5%, 64.2%, and 56.6%, respectively), followed by trees (17.6%, 16.5%, and 21.7%, respectively).

Escape duration

Escape duration was strongly positively correlated with distance fled, r = 0.79, N = 301, p < 0.001 (Fig. A2). The global model for escape duration contained the following predictors and their interactions (indicated by an asterisk): Approach type * Species + Approach type * Escape strategy + Approach type * FID-phi + Escape angle * Species + Distance to refuge + Starting distance * Species + Density of trees + Flock size. Density of trees and flock size were removed from the top model set (i.e. models with ΔAIC < 4) as these variables had little statistical impact, were not directly related to main hypotheses, and could be classified as uninformative parameters (model selection tables can be found in the Electronic Supplementary Tables S1-S4) [START_REF] Leroux | On the prevalence of uninformative parameters in statistical models applying model selection in applied ecology[END_REF].

Pairwise comparisons (using estimated marginal means from the model), showed that, for all three species, escape duration for approach type "halt" was significantly shorter than for approach type "chase", while there was a significant difference between approach types "halt" and "forward" only for the hooded crow (Fig. 3; Table 1 &A1). Escape duration for approach type "forward" was significantly shorter than for approach type "chase" for the Eurasian jackdaw and the rook but not for the hooded crow (Fig. 3, Table 1).

Compared among all species, escape duration for approach type "chase" was significantly different from approach types "halt" and "forward" for both terrestrial and aerial escape strategies (Fig. 4; Table 2). Approach types "halt" and "forward" did not differ significantly from each other for either escape strategy when analysed among all species (Fig. 4; Table 2). While aerial escape strategy, compared to terrestrial escape strategy, increased escape duration for approach types "halt" (β = -0.174, SE = 0.051, p < 0.001) and "forward" (β = -0.125, SE = 0.044, p = 0.005), it showed an opposite trend for approach type "chase" (β = 0.100, SE = 0.047, p = 0.035).

The interaction between escape angle and species showed that the relationship between escape angle and escape duration was positive only for the rook (Fig. A3; Table A1). Similarly, the relationship between starting distance and escape duration was positive only for the rook (Fig. A4; Table A1). There was also a significant interaction between approach type and FID-phi as the relationship between FID-phi and escape duration was positive only for approach type "halt" (Fig. A5; Table A1). Distance to the closest refuge was positively correlated with escape duration (Table A1). The density of nearby trees and flock size did not affect escape duration (Electronic Supplementary Table S1).

Escape angle

The global model for escape angle contained the following predictors and their interactions (indicated by an asterisk): FID-phi * Species + Escape strategy * Species + Distance to refuge + Starting distance * Species. Multi-model inference found no reliable relationships between the chosen predictors and escape angle (Table A2).

The mean escape angles (after pooling escapes to the left and right side; see Material and methods) were as follows: 123.4, 95% CI [118.0,128.8] for the Eurasian jackdaw (Fig. 5a), 118.1°, 95% CI [111.4,124.8] for the hooded crow (Fig. 5b), and 117.9°, 95% CI [111.3,124.5] for the rook (Fig. 5c). The distributions of the escape angles for the three species did not differ statistically from each other (p-values > 0.05 for all Watson's U 2 tests).

Change in escape angle

The global model for change in escape angle during escape contained the following predictors and their interactions (indicated by an asterisk): Approach type * Species + Approach type * Escape strategy + FID-phi + Escape duration + Starting distance * Species. Multi-model inference, coupled with pairwise comparisons of estimated marginal means, showed that the change in escape angle depended on approach type, with the change in escape angle being larger for approach type III than for approach type "halt", but a significant difference was found only for terrestrial escape strategy (Fig. 6; Table A3 

& A4).
Change in escape angle was positively related to escape duration (Table A3).

FID-phi, starting distance, and the interaction between approach type and species did not have support for a relationship with change in escape angle.

DISCUSSION

Overview

The main goal of the current study was to examine whether birds dynamically adjust escape behaviour during escape according to the perceived risk of predation. The most apparent finding to emerge from this study was that corvids can easily differentiate between a predator (in this case, a human observer) that pursues (approach type "chase") and one that immediately stops approaching when the bird initiates escape (approach type "halt"), by increasing time spent escaping (Fig. 3), by making larger adjustments in escape trajectory (Fig. 6), and by more frequently changing from terrestrial to aerial escape strategy. Surprisingly, the Eurasian jackdaw and the rook did not show clear differences in escape duration between approach type "halt" and approach type "forward" (where the predator continues moving to the initial location of the bird but does not chase it), while the hooded crow did (Fig. 3; Table 1). Another interspecific difference was that the relationship between escape angle and escape duration was positive only for the rook, while no clear relationship was found for the other two species (Fig. A3). The relevance of DRA during escape is clearly supported by the current findings, but the results also suggest that even closely related species have different escape strategies or use different cues for evaluating risk.

Indicators of dynamic risk assessment

Studies have shown that, when a stationary prey is being approached by a predator, the prey will assess the costs related to fleeing and not fleeing to decide on the optimal distance at which to escape (Stankowich & Blumstein 2005;Cooper 2006a). However, very little is known about cost assessment during escape. Before the present study, research on birds suggested that birds either maximize distance from the predator by escaping at 180°, or escape at 90° for rapid evasion [START_REF] Domenici | Animal escapology II: escape trajectory case studies[END_REF]). These peaks do not give an impression that monitoring predators is important to birds during escape. In our study, all three species had an average initial escape angle close to 120° with no distinctive peaks (Fig. 5), which most likely represents a middle ground between maximizing distance, being unpredictable, and monitoring the predator [START_REF] Hall | Predator evasion in a fish school: Test of a model for the fountain effect[END_REF][START_REF] Domenici | Escape trajectories in angelfish (Pterophyllum eimekei)[END_REF].

Several other results also suggest that corvids keep an eye on the actions of the predator even after initiating escape. Most importantly, escape duration increased when the intentions of the predator became more threatening (Fig. 3).

These results reflected those of Cooper (2006b) and Collier & Hogdson (2017), who found that distance fled increases in grasshoppers when the approaching human is more persistent. While the choice to use terrestrial escape strategy usually indicates a two to five times shorter distance fled in birds (Rodriguez-Prieto et al. 2008a;[START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF], our study shows that this is not always the case: escape duration was the longest for birds that used terrestrial escape when being followed (Fig. 4a). Yet, escape duration differed between approach types independently of escape strategy (Table 2), meaning that even flying individuals are likely to monitor predators to make necessary changes to escape duration. However, only birds using terrestrial escape showed a significant increase in the angular change when being chased, after controlling for escape duration that was a significant predictor of angular change (Fig. 6a; Table A3). A similar, albeit not significant trend was visible for aerial escape as well (Fig. 6b), although it seems that manipulating escape trajectory is more important during terrestrial escape. The latter is expected, considering that terrestrial escape was slower (Fig. A2). In general, prey are usually slower than predators because of their smaller size, but make up for it by having smaller turning radii and higher turning rates [START_REF] Domenici | Prey behaviors during fleeing[END_REF].

Escape duration in relation to escape angle

Escape duration was also related to initial escape angle but only for the rook. Contrary to our expectations, the rook showed an increase in escape duration when escaping at more obtuse angles (Fig. A3). We initially expected that escape angles away from the predator would decrease the time needed to reach a safe distance. However, a possible explanation is that the rook, when sensing low risk of predation, makes a short evasive manoeuvre to the side with the option to continue monitoring the predator, but, when sensing a high risk of predation, chooses to quickly maximize the distance. The lack of the described relationship in the Eurasian jackdaw and the hooded crow could be due to a more relaxed attitude towards humans, as indicated by shorter FID [START_REF] Livezey | Database of Bird Flight Initiation Distances to Assist in Estimating Effects from Human Disturbance and Delineating Buffer Areas[END_REF]) and shorter escape durations (this study). A possible explanation, for why the rook is more cautious, is that its preferred foraging technique is deep probing, rather than surface picking as in the other two species [START_REF] Waite | Winter habitat selection and foraging behaviour in sympatric corvids[END_REF].

Deep probing probably requires more attention on the ground that can negatively affect antipredator vigilance [START_REF] Lima | Back to the basics of antipredatory vigilance: can nonvigilant animals detect attack?[END_REF]. Still, a quick maximization of the distance from a human could be an unpopular option in highly urbanized birds. A further study comparing urban-rural differences in that matter could help to validate that hypothesis.

Escape duration in relation to FID and starting distance

Escape duration was longer for earlier escapes (as measured by FID-phi, the distance approached in relation to starting distance) but only for approach type "halt" (Fig. A5). This result is in accordance with a previous study examining the relationship between FID and distance fled [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF]. A most likely explanation for the lack of a similar relationship for approach type "chase" is that even bold prey need to spend time on escape when being chased. The lack of a relationship between FID-phi and angular change during fleeing could be an indication that late escapes did not suffer from worse initial escape angles. As a reminder, escape duration was the longest for birds trying to escape terrestrially when being chased, but the shortest when the predator stops (Fig. 4).

Therefore, it could be that boldness is an effective way to reduce costs of escape if the predator is unwilling to pursue prey, although otherwise, boldness can be costly. For example, Namibian rock agamas (Agama planiceps) with consistently shorter FIDs, i.e. a bolder personality type, spent more time basking, eating and moving around than shyer individuals, but at the same time suffered higher rates of tail loss -an indication of higher predation risk [START_REF] Carter | Agamas exhibit behavioral syndromes: bolder males bask and feed more but may suffer higher predation[END_REF]).

An interesting side-result was that starting distance, i.e. the distance at which the observer started his approach, was in a positive relationship with escape duration for the rook but not for the other two species (Fig. A4). While the positive -and variously interpreted -relationship between starting distance and FID is frequently shown in numerous taxa [START_REF] Blumstein | Flight-initiation distance in birds is dependent on intruder starting distance[END_REF], a relationship between starting distance and distance fled has not been found (e.g. [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF][START_REF] Kalb | Flight initiation distance and escape behavior in the black redstart (Phoenicurus ochruros)[END_REF]). The latter is not surprising if it is a species-specific trait as seen in our study. We do not know the exact reason for why only the rook increased escape duration when approached at a longer starting distance, but it could once again be related to wariness of the species (as discussed in chapter 4.3). For example, [START_REF] Tätte | Towards an integrated view of escape decisions in birds: relation between flight initiation distance and distance fled[END_REF] hypothesized that the relationship between starting distance and FID was positive in rural but not in urban habitat because urban birds need to lower their zone of awareness for not to be distracted too frequently. Starting distance did not relate to the choice of escape angle or angular change during escape.

Difference in the perception of approach types

The finding, that at least the hooded crow perceives approach type "forward" more threatening than approach type "halt" (Fig. 3; Table 1) has implications for future studies of escape behaviour. Researchers need to acknowledge that there could be a difference between approach type "halt" and "forward" when conducting their studies. Most certainly, studies using type "halt" and "chase" intermittently (e.g. Collier & Hogdson 2017) are in danger of producing skewed results. Whenever distance fled, escape duration, or hiding time are to be measured, one needs to decide beforehand which approach to choose in order to have all measurements taken under similar perceived risk of predation. It is up to debate whether the hooded crow, being able to differentiate between approach types "halt" and "forward", is better at DRA than the other two species, or whether it more often incorrectly translates continued approach as pursuit. After all, a predator that continues to move along the same trajectory while prey escapes in another direction could be an indication that it was not interested in the prey to begin with. However, making detailed assessment about the trajectory of the predator in mid-flight is probably not an easy task, which is why some species could rely on simple cues, i.e. whether the predator stops or not. Furthermore, we noticed that sometimes birds terminate escape, only to continue escaping just moments later. Such behaviour indicates that even corvids are not always capable of correctly assessing risk during escape.

Escape angle

We found no statistically reliable predictors for escape angle. That is not surprising as escape trajectories usually have a high variability to provide unpredictability [START_REF] Domenici | Animal escapology II: escape trajectory case studies[END_REF]. However, since distance to closest refuge was positively related to escape duration, it is possible that escape angle could have been partly predictable if we had measured the angles of closest refuges and added these measurements to the models [START_REF] Eason | Squirrels do the Math: Flight Trajectories in Eastern Gray Squirrels (Sciurus carolinensis)[END_REF]. Still, ground was the most preferred refuge type. In contrast to the study by [START_REF] Bateman | Switching to Plan B: changes in the escape tactics of two grasshopper species (Acrididae: Orthoptera) in response to repeated predatory approaches[END_REF], the preference of refuge type did not change with increasing risk of predation. It is also probable that the choice of initial escape angle, including vertical angle, could become more important during high-speed attacks where swift evasion is required [START_REF] Lind | Split-second escape decisions in blue tits (Parus caeruleus)[END_REF].

Conclusions

In general, the results of this research support the idea that birds monitor the intentions of the predator while escaping to dynamically adjust their escape plans. Although the study was done only on three species of corvids, it is probable that similar behaviour exists in a variety of taxa because, in addition to saving time and energy, prey often need to outmanoeuvre the predators that chase them. In terms of studying the impact of human disturbance on wildlife, the findings highlight that if one wishes to measure the true costs of escape, it might be better to simulate a typical pedestrian that does not stop when prey escapes. A further study on non-urbanized animals, or using a model of some other predator, could shed light on whether these behavioural patterns hold up when the perceived risk of predation is considerably higher.

FIGURE LEGENDS

Figure 1. The graphical model by [START_REF] Ydenberg | The economics of fleeing from predators[END_REF] predicted that when the distance between a prey and an approaching predator decreases (horizontal axis), cost of not fleeing (solid line) increases, while cost of fleeing (dashed line) decreases, and that the intersection of these two curves would predict optimal flight initiation distance (D optimal ). The zones indicate whether risk assessment takes place (zone II) or not (zone I & III) depending on the distance from the predator [START_REF] Blumstein | Flight-initiation distance in birds is dependent on intruder starting distance[END_REF]. Table A4. Pairwise comparisons of angular change for approach types "halt", "forward", and "chase" across terrestrial and aerial escape strategies. 
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  Figure is redrawn from Cooper & Blumstein (2015) with permission from Cambridge University Press.

Figure 2 .

 2 Figure2. Schematic illustration of the three approach types compared in this study. T 1 = time when bird initiated escape, t 2 = time when bird stopped escaping, t 2 -t 1 = escape duration, FID = flight initiation distance, DF = distance fled. Arrows indicate movement. Termination of approach is determined by t 1 for "halt", and by t 2 for "forward" and "chase". See Material and Methods for a detailed explanation.
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 3 Figure 3. Relationships between approach type and escape duration for (a) Eurasian jackdaw, (b) hooded crow, and (c) rook. Black circles represent estimated marginal means and grey rectangles represent confidence intervals (both are based on predictions from a linear mixed model).
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 4 Figure 4. Relationships between approach type and escape duration for (a) terrestrial and (b) aerial escape strategies. Black circles represent estimated marginal means and grey rectangles represent confidence intervals (both are based on predictions from a linear mixed model).
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 5 Figure 5. Distributions of initial escape angles of (a) Eurasian jackdaw, (b) hooded crow, and (c) rook. Escapes to the left and right are pooled. The human observer is positioned at 0° and 180° indicates an escape angle directly away from the human observer. Black line with error bars indicates mean escape angle with 95% confidence intervals. Numbers inside the circle help to count the number of escapes in different directions. Bin intervals are 18°.
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 6 Figure 6. Relationships between approach type and change in escape angle for (a) terrestrial and (b) aerial escape strategies. Black circles represent estimated marginal means and grey rectangles represent 95% confidence intervals (both are based on predictions from a linear mixed model).
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 A1 Figure A1. Distributions of initial escape angles of (a) Eurasian jackdaw, (b) hooded crow, and (c) rook. The human observer is positioned at 0°, and 180° indicates an escape angle directly away from the human observer. Numbers inside the circle help to count the number of escapes in different directions. Bin intervals are 18°.
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 A2 Figure A2. Relationships between escape duration and linearly measured distance fled by escape strategy. Blue rectangles and solid line correspond to aerial escapes, red circles with dashed line correspond to terrestrial escapes, and green triangles with semi-dashed line depict terrestrial escapes that changed into aerial escapes midway. Model estimates (black line; linear regression) are shown with 95% confidence intervals (coloured area). Only the observations that contain data on distance fled are presented.
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 A3 Figure A3. Relationships between initial escape angle and escape duration of (a) Eurasian jackdaw, (b) hooded crow, and (c) rook. Predicted model estimates (black line) are shown with 95% confidence intervals (grey area).
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 A4 Figure A4. Relationships between starting distance and escape duration of (a) Eurasian jackdaw, (b) hooded crow, and (c) rook. Predicted model estimates (black line) are shown with 95% confidence intervals (grey area).
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 A5 Figure A5. Relationships between FID-phi and escape duration for approach types (a) "halt", (b) "forward", and (c) "chase". Larger values of FID-phi indicate earlier escapes. Predicted model estimates (black line) are shown with 95% confidence intervals (grey area).

  . Initial top model set predicting escape duration. Electronic Supplementary Table S2. Top model set used for model averaging escape duration after removing uninformative parameters. Electronic Supplementary Table S3. Top model set used for model averaging escape angle. Electronic Supplementary Table S4. Top model set used for model averaging angular change during escape.
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708 Table 1. Pairwise comparisons of escape durations for approach types "halt", 709 "forward", and "chase" across species of birds in Estonia. The natural average method was used for model averaging (on 13 models with ΔAIC < 4, see Electronic Supplementary Table S2). Parameter estimates are followed by unconditional standard errors (SE) and 2.5 th and 97.5 th percentiles (95% CI). Estimates in bold indicate that 95% CI does not include 0. W ip is the relative importance of each predictor in the model set. City district was included as random effect. Some species-related effects are not showing meaningful comparisons but were needed for more specific post-hoc tests. The natural average method was used for model averaging (on eight models with ΔAIC < 4, see Electronic Supplementary Table S3). Parameter estimates are followed by unconditional standard errors (SE) and 2.5 th and 97.5 th percentiles (95% CI). W ip is the relative importance of each predictor in the model set. Estimates in bold indicate that 95% CI does not include 0. City district was included as random effect. 
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