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1  | INTRODUC TION

While climbing a warm rising-air column (thermal), soaring birds 
need to balance too early departure (waste of climbing opportunity) 
against too late departure (waste of time with no further significant 
displacement), given the uncertainty about the thermal ahead. Such 

decisions that deal with where and when individuals move affect 
energy reservoirs and determine the accompanying costs of move-
ment (Alerstam & Lindström, 1990; Nathan et al., 2008; Shepard 
et al., 2013). The use of passive soaring instead of self-powered 
flight affects locomotion costs, as passive soaring costs 3–20 times 
less than self-powered flight (Sapir, Wikelski, McCue, Pinshow, & 
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Abstract
1.	 Animals are often required to make decisions about their use of current resources 

while minimising travel costs and risks due to uncertainty about the forthcoming 
resources. Passive soaring birds utilise warm rising-air columns (thermals) to climb 
up and obtain potential energy for flying across large areas. However, the utilisa-
tion of such inconsistent natural resources may be challenging for soaring-gliding 
birds and involve a set of decisions to maintain efficient flight.

2.	 To assess which temporal scales of previous experience with environmental in-
puts best predicted thermal-climbing departure decisions of soaring birds, we 
used movement data from Eurasian griffon vultures (Gyps fulvus) tracked by GPS 
transmitters. We applied Cox proportional hazard regression and a model selec-
tion approach to identify thermal-climbing departure decisions and to compare a 
range of temporal scales.

3.	 Our findings support the use of current and recent (short-term; last 20 min) expe-
riences, compared to longer term, past experiences, in predicting the time until 
departure from thermals. The models supported decision rules that integrated 
information originating from different temporal scales, implying a tendency to de-
part from a thermal later when the current climb rate was higher than experienced 
recently and vice versa. In addition, climb rates in thermals revealed significant 
autocorrelation over short time-scales (shorter than 30 min).

4.	 The correspondence between thermals’ characteristics and the factors that best 
predicted thermal-climbing departure decisions presumably reflects optimal deci-
sions individuals make to handle their dynamic environment and to reduce move-
ment-related costs of such a basic activity for soaring-gliding birds.
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Nathan, 2010; Videler, 2006). However, compared to self-powered 
flight, passive soaring incurs dependency on strong thermals that 
exhibit inconsistent variation between nearby thermals and within 
single thermals (Hedenström, 2003; Reichmann, 1978). Therefore, 
passive soaring birds routinely perform time-related decisions to 
remain aloft and maintain efficient search for their food resources.

Due to the challenge in gathering high-resolution data to es-
timate the characteristics of the different phases of passive soar-
ing, most previous studies coupled soaring and gliding decisions 
and estimated time-related costs over large scales (Klaassen et al., 
2014; Mellone et al., 2012; Miller et al., 2016; Rus, Duerr, Miller, 
Belthoff, & Katzner, 2017; Shamoun-Baranes, Baharad, et al., 2003; 
Shamoun-Baranes, Leshem, Yom-tov, & Liechti, 2003; Vansteelant 
et al., 2015). However, the characterisation of the different phases 
of passive soaring enabled further insights on the different deci-
sions individuals make. In the gliding phase, individuals choose how 
quickly to glide forward while exploiting the potential energy gained 
during thermal climbing (Harel, Duriez, et al., 2016; Hedenstrom & 
Alerstam, 1995; Horvitz et al., 2014; Pennycuick, 1972; Pennycuick, 
Akesson, & Hedenström, 2013; Taylor, Reynolds, Thomas, & Taylor, 
2016). Variation in the resulting gliding speed was explained by dif-
ferences in individual’s environment (Horvitz et al., 2014; Taylor 
et al., 2016), as well as by intraspecific (Harel, Duriez, et al., 2016; 
Taylor et al., 2016) and interspecific variation (Horvitz et al., 2014; 
Pennycuick, 1972; Pennycuick et al., 2013). After a thermal column 
was spotted, individuals decide whether to use it, how to best utilise 
it (Harel, Horvitz, & Nathan, 2016) and when to depart (Shepard, 
Lambertucci, Vallmitjana, & Wilson, 2011). Soaring-gliding birds are 
expected to maximise soaring–gliding efficiency and cross-country 
speed by minimising the duration of stay in thermal columns in rela-
tion to the horizontal forward gain during the gliding phase (Harel, 
Duriez, et al., 2016; Reichmann, 1978). However, additional consid-
erations may affect decisions of soaring birds, such as a preference 
to fly at higher altitudes above-ground level to avoid risk of ground-
ing (Horvitz et al., 2014; Reichmann, 1978) or the need to balance 
the gain from thermal columns while being bounded by the need to 
identify food items that are located on the ground (Shepard et al., 
2011).

The study of the factors that determine departure decisions 
from patchy resources typically used information over a restricted 
time span or was based on the assumption that individuals possess 
complete information hence presenting an extreme and rather unre-
alistic scenario of such decision-making processes. Further insights 
can be gained by comparing models that implement different lev-
els of information on the environment (Marshall, Carter, Ashford, 
Rowcliffe, & Cowlishaw, 2013). Relevant information may be based 
on different characteristics of the environment (e.g. depletion rate, 
resource quality, patch density) that may differ in the characteristic 
time period over which inputs are considered to produce profitable 
decisions. Alternative scenarios for soaring-gliding decisions may 
include information collected over different time periods, such as 
(I) Current experience. Thermal-climbing departure decisions may fol-
low fixed rules, such as amount of gained energy or time spent in the 

current thermal (Nolet, Klaassen, & Mooij, 2006; Olsson & Brown, 
2006). The gathered information can include different aspects, such 
as the achieved climb rate which individuals aim to maximise and the 
entrance altitude into the thermal. (II) Recent experiences. Individuals 
update their decisions using their recent experiences (learning rule 
models; Kacelnik & Krebs, 1985) or combine information from their 
recent experiences with current one (Bayesian forager; Green, 
1984; McNamara, Green, & Olsson, 2006). These models assume 
that foragers routinely update their perception of the distribution 
of resources. However, the extent of spatial and temporal percep-
tion is understudied for free-ranging animals (Fagan et al., 2013). 
(III) Long-term experiences. Daily or longer term averages were com-
monly used to evaluate the effect of environment on behaviour due 
to challenges in tracking animals and documenting the relevant en-
vironmental factors that affect movement. Such experiences may be 
global ones (the expected gain in a given day is better than a long-
term average) or may be spatially associated (usually the expected 
gain is high at the current location). This latter approach typically 
reflects data limitation rather than best choice scenario.

Here, we studied thermal-climbing departure decisions by a 
large scavenger, the Eurasian griffon vulture (Gyps fulvus). To esti-
mate which factors best predict thermal-climbing departure, we 
compared models incorporating information collected over different 
spatiotemporal scales considering current, recent and long-term ex-
periences. We hypothesised that thermal-climbing departure deci-
sions would be based on current experiences because information 
regarding the current thermal may be more valid compared to the 
prior thermals and due to the unpredictable nature of thermal col-
umns (Reichmann, 1978). Focusing on the current experience, we 
predicted that the tendency to depart from a thermal would increase 
with an increased thermal entrance altitude and average climb rate. 
To estimate the characteristic time-scale of the performed decisions, 
we tested which set of recent thermals best predicted thermal-
climbing departure. To evaluate the effect of the context in which 
animals are found on their decisions, we also tested how thermal 
departure depends on additional internal factors, such as the effect 
of familiarity with the area, distance from the roost (changes in cer-
tainty regarding movement outcomes), age and differences between 
inbound and outbound foraging flights (sensu Harel, Duriez, et al., 
2016) that differ in their motivation.

2  | MATERIAL S AND METHODS

2.1 | Study species and data collection

The Eurasian griffon vulture (Gyps fulvus; Hablizl 1783) is a large 
scavenger (mass: ~7.5 kg; wingspan span: ~2.6 m) that usually uses 
thermal climbing (Harel, Horvitz, et al., 2016) and seldom uses pow-
ered flight (Cramp, 1985; Mundy, Butchart, Ledger, & Piper, 1992). 
Between 2013 and 2015, seventeen individuals were tracked with 
90 g GPS transmitters (e-obs GmbH; Munich, Germany). The trans-
mitters were programmed to work with a daily duty cycle of 14 hr 
(6:00–20:00 local time) collecting location data at 1 Hz during flight 
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(when the measured instantaneous speed was >2 m/s) and at 600-s 
intervals on the ground. Soaring phases were classified as seg-
ments that contained circling behaviour (defined based on circles 
in the horizontal plane of the track) and a positive altitudinal gain. 
Segments with gaps longer than 10 s were excluded, and each soar-
ing segment was classified to one of two soaring modes: thermal 
soaring or linear soaring (see Harel, Horvitz, et al., 2016; Weinzierl 
et al., 2016). In some cases, individuals may stop circling for a short 
period and perform short glides to displace within the thermal col-
umn; therefore, we grouped closely spaced thermal-climbing events 
(<30 s between events; within-thermal short glides); groupings ac-
counted for ~10% of the events. Due to our limited ability to esti-
mate thermal strength (Treep et al., 2016), we used climb rate as an 
indirect measure of the estimated gain from a resource visited by 
an individual. Because thermal-climbing events were defined by the 
behaviour of individuals and not based on measuring the thermal 
strength itself, we tested different parameters of within-thermal 
short glides (0–50 s) and no significant effects were observed on 
the duration, climb rate and thermal-climbing entrance altitude 
(Supporting Information Table S1). The data used in this study are 
available from the Movebank Data Repository (Harel & Nathan, 
2018).

2.2 | Data analysis

We used mixed-effects Cox Proportional Hazard models and a mul-
tinomial framework to estimate the factors and the temporal scale 
that best predicted time to a thermal-climbing departure event. In 
the Cox models, the hazard of lower survival (i.e. a shorter event) is 
modelled in proportion to a reference event in a multiplicative man-
ner, meaning that for a positive or negative change Z in the predictor, 

the event is Z-times shorter or longer, respectively, than the refer-
ence event. In our application of this model for soaring vultures, 
the hazard of having a shorter event means earlier departure from 
a thermal. In a more specific manner, hazard ratios >1 indicate that 
a given change Z in the predictor (e.g. climb rate) is associated with 
Z-times earlier departure from the thermal compared to a reference 
event (e.g. thermal climbing at an average climb rate), while values 
<1 represent a tendency to depart later. For example, a hazard ratio 
of 1.2 means that for this particular predictor value, the thermal-
climbing event is 20% shorter than the thermal-climbing duration 
when vultures climb at an average rate.

The compared models included characteristics of the (A) current 
experience (focal event): initial altitude, the average climb rate and 
its variance over the whole soaring phase, the running average climb 
rate and its variance over the last n seconds (n = 5, 10, …, 120) in 
the soaring phase; (B) recent experiences (short-term): average climb 
rate and average duration of the thermal-climbing events during the 
last k minutes (k = 10, 15,…, 90 min); (C) long-term experiences: daily 
climb average and its variance, daily average of soaring duration and 
resource quality based on the average climb rate of all the tracked 
individuals in the vicinity of the event (2 km2) during the last 7 days 
(Figure 1d); (D) context: spatial familiarity based on the amount of 
visits to the relevant location (2 km2; Figure 1c); age (categorical 
factor; years; <1, juvenile; 1> and <4, sub-adult; >4, adult); time of 
day (categorical factor with three levels 7:00–10:00, 10:00–13:00, 
13:00–16:00); distance from the roost and to the goal site; and 
distance between the start and end point of the current flight and 
whether the flight was an inbound or outbound foraging flight; indi-
vidual’s identity was added as a random effect. For each of the mod-
els (A–D), we established the best fitting model, identified the best 
fitting temporal scale and then compared 15 models that included 

F IGURE  1 An example of a foraging track (tag 3,186 on September 2nd, 2013). (a) The flight track (red line) and the locations of thermal-
climbing events (black circles) are presented. (b) The altitude profiles of a subset of the track (marked by the black square in (a)). The context 
and long-term experiences are presented by (c) the familiarity index which summarises the proportion of visits to a cell grid within the last 
week (colour bar represents the proportion of visits of the bird), and (d) the resource quality measured by the average climb rate for a cell 
based on the data from all tracked individuals during the last week. The red lines in (c) and (d) represent the track for reference
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the chosen predictors from the different model types (Supporting 
Information Table S2).

Data were analysed using Matlab2016a (MathWorks Inc, Natick, 
MA, USA). Statistical analyses were performed using r v.3.2.2 sta-
tistical software (R Core Team 2017) with lme4 (Bates, Maechler, 
Bolker, & Walker, 2014) and coxme (Therneau, 2012) packages. 
Models were ranked based on small-sample-size corrected Akaike’s 
Information Criterion.

3  | RESULTS

Data included 14 ± 2 foraging days for each of the 17 tracked 
individuals in which the daily travel distance was 132 ± 1 km 
covered in 4.6 ± 0.8 hr (values are presented as mean ± SE; see 
Figure 1 for an example of a daily flight path). On those foraging 
trips, individuals performed 22.8 ± 0.7 soaring-gliding cycles per 
day, and ~5,400 cycles overall. The duration of each thermal-
climbing event was 207 ± 11 s and each gliding event lasted 
134 ± 88 s.

To assess which factors best predicted thermal-climbing depar-
ture, a set of models describing current, recent and long-term expe-
riences and the context of the event were compared (see Supporting 
Information Table S2 for a full list of the models). The best fitting 
model integrated predictors which were derived from current and 
recent experiences, as well as the context of the event (Table 1). 
As expected, the tendency to depart from a thermal increased 
with an increase in the initial altitude of the thermal-climbing event 
(0.0009 ± 0.00006, Z-wald = 14.56; here and hereafter, the given 
effect size represents the partial hazard ratio). Moreover, an increase 
in the mean climb rate of the current thermal-climbing event resulted 
in a lower tendency to depart (0.37 ± 0.04, Z-wald = 9.39). The effect 
of recent experiences revealed a higher tendency to depart from 
the thermal earlier when there was an increase in the mean climb 
rate of recent thermals (Figure 2b). When individuals were in prox-
imity of their roost (<4 km), the hazard ratio was lower compared 
to flights further from the roost (−0.14 ± 0.04, Z-wald = 3.69), but 

the inclusion of the overall familiarity with the habitat (amount of 
visits to each location) did not improve the predictive power of the 
models.

Focusing on the recent experiences of the individual, the par-
tial autocorrelation of the climb rate showed significant values 
over short periods (10–30 min; Figure 1c) but not over longer ones 
(40–90 min). According to that, the characteristics of the recent 
thermal-climbing events within the last 20 min best predicted time 
to thermal-climbing departure compared to shorter and longer time 
periods (10–90 min; Table 2). Incorporating daily averages of the 
climb rate or average resource quality over longer periods (average 
weekly climb rate of the location of the thermal-climbing event) did 
not improve the predictive power of the models compared to recent 
experience models (Figure 2). The best model integrated the effect 
of current and recent experiences predicting a tendency to depart 
early from the thermal when the current climb rate was stronger 
than the average of those experienced during the last 20 min and 
vice versa (0.56 ± 0.03, Z-wald = 16.11; Figure 3b).

4  | DISCUSSION

The characteristic time-scale of decision-making in animals moving 
in complex real-life environments is often unknown. Large soaring 
birds, such as vultures, fly long distances by utilising thermals to climb 
up and gain potential energy for forward movement. Vultures use 
thermals intensively, hence, they likely rely on using various types 
of information inputs to make efficient decisions on the use of such 
a patchy and highly unpredictable resource. Using high-resolution 
data on vulture movements and their environment, we found that 
information collected over current and recent experiences best pre-
dicted thermal-climbing departure decisions, outperforming alterna-
tive models that were based on the sole use of current or long-term 
experiences. Overall, our findings bring to light how vultures, and 
possibly other large soaring birds, integrate fine-scale differences 
in their environment, including flight altitude and climb rate, while 
making decisions regarding when and where to move.

TABLE  1 Results of Cox Proportional Hazard model comparison on time to thermal-climbing departure decision

df logLik AICc Delta Weight

Current (alt, climb); Recent experience (alt, climb, dur); Context 
(goal_dist)

22 −20,268 40,582 0 0.92

Current (alt, climb); Recent experience (alt, climb, dur); Long-term 
experience (climb); Context (goal_dist, daily_dist, in_out, age)

30 −20,263 40,587 5 0.08

Current (alt, climb); Long-term experience (climb) 21 −20,394 40,831 249 0.00

Current (alt, climb) 20 −20,396 40,834 251 0.00

Recent experience (alt, climb, dur) 21 −20,467 40,978 395 0.00

Context (goal_dist, daily_dist, in_out, age) 18 −22,009 44,056 3,473 0.00

Intercept only 12 −22,026 44,079 3,496 0.00

Notes. All models presented include individual identity as a random effect.
AICc, Akaike’s Information Criterion; alt, thermal entrance altitude above-ground level; climb, climb rate (m/s); dur, event duration (s); goal_dist, distance 
from goal; daily_dist, daily flight distance; in_out, inbound or outbound foraging flight; age, categorical.
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Previous research on soaring-gliding flight in birds focused on 
movement patterns over relatively long temporal scales of weeks 
and months, and large spatial scales of tens to thousands of ki-
lometres (Bohrer et al., 2012; Mellone et al., 2012; Miller et al., 

2016; Vansteelant et al., 2015). These studies aimed mostly at es-
timating how variation among species (Bohrer et al., 2012; Mellone 
et al., 2012) and in meteorological conditions (Miller et al., 2016; 
Vansteelant, Shamoun-Baranes, McLaren, van Diermen, & Bouten, 
2017) can explain the observed variation in large-scale movement 
patterns (mostly migration). Although some of these studies were 
based on relatively high-resolution movement data (10–30 s in-
tervals), the statistical analyses in these studies were performed 
at coarser temporal resolutions of 1 hr or more. Both the internal 
state of the tracked birds and their external environment can vary 
considerably within 1 hr or more, and birds are likely to make multi-
ple decisions in response to these changes during such timeframes. 
Therefore, although these studies provided important insights about 
interspecific variation among soaring birds and how weather affects 
their large-scale migratory movements, the temporal resolution 
used in these analyses was too coarse to link specific decisions to 

F IGURE  2 The effect of the average climb rate at different temporal scales on thermal-climbing duration. The partial hazard ratio of the 
climb rate for (a) current thermal suggesting early departure, (b) for recent 20 min (or ~3 thermals) suggesting late departure. Averages over 
longer durations, such as (c) the daily scale, were not significantly different from one another, suggesting no significant effect (based on the 
results of the best fitting model; see Table 1). For a given change in the predictor (here climb rate), the duration of the predicted thermal-
climbing departure event should be multiplied by the calculated hazard ratio. Hazard ratio values >1 indicate a tendency to depart earlier 
from the event compared to departure time predicted for a reference event (climbing a thermal at an average climb rate), while values <1 
indicate a tendency to depart later. Blue lines represent the mean value with 50% and 95% CIs around it. At the bottom of the figure, the 
occurrences of events and the average climb rates as reference values are presented

TABLE  2 The effect of the climb rate (averaged over several 
time windows) during previous experiences on time to thermal-
climbing departure decision

Effect df logLik AICc Delta Weight

20 min 0.87 3 −209.2 424.4 0.0 1.00

10 min 0.89 3 −253.0 512.2 87.8 0.00

30 min 0.93 3 −272.5 551.1 126.7 0.00

40 min 0.93 3 −285.6 577.3 152.9 0.00

50 min 0.95 3 −292.3 590.7 166.3 0.00

Note. AICc, Akaike’s Information Criterion.

F IGURE  3 The effect of recent experiences on thermal-climbing duration. (a) The partial autocorrelation function of the climb rate was 
significant over the thermal-climbing events during the 10–30 min excluding the focal event. (b) When the current climb rate was lower than 
the recent experiences, the partial hazard ratio was greater than one suggesting a higher tendency to depart and vice versa. At the bottom, 
the occurrences of events are presented. Blue lines represent the mean value with 50% and 95% CI around it. For information regarding 
hazard ratio interpretation, see the corresponding Methods section and the caption of Figure 2
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certain sets of internal states and external conditions. Some other 
studies analysed movement data at high temporal resolution that is 
relevant to specific decisions (Horvitz et al., 2014; Pennycuick et al., 
2013), thus narrowing the focus to decisions in response to rather 
short-term changes. Yet, these studies focused mostly on examining 
interspecific variation in-flight performance and hence incorporated 
complex effects that also impede elucidating the links between spe-
cific decisions and their internal and external drivers. Shepard et al. 
(2011) analysed movement data at high temporal resolution focusing 
on soaring flight and raising predictions that relate to the factors 
that govern flight altitude and thermal-climbing departure decisions; 
however, their sample size was too small to observe how decisions 
are affected by variation in environmental conditions. Our intraspe-
cific comparison of thermal-climbing events of free-ranging vultures 
recorded at high temporal resolution and continued over sufficiently 
long periods illustrates a novel approach to uncover such links.

Our findings suggest that vultures integrated current and recent 
experiences (over the last 20 min or the previous three thermal-
climbing events), whereas longer term experiences of the previous 
day or week were found irrelevant for thermal-climbing departure 
decisions. In that order, over 10–30 min, climb rates which served to 
estimate the uplift individuals achieved while soaring were positively 
correlated (Figure 3a). The correspondence between animals’ deci-
sions and the estimated characteristics of resources suggests that 
vultures utilised the resources in a profitable manner. While this is 
the first time such a pattern had been supported in soaring birds, 
similar findings were reported for foraging animals supporting the 
use of short-term memory (Marshall et al., 2013) and highlighted the 
preference for information gathered over short-term periods com-
pared to longer ones (Strandburg-Peshkin, Farine, Crofoot, & Couzin, 
2017), presumably because recently gathered information encom-
passes more relevant information on the current situation individu-
als are facing (Fagan et al., 2017). Due to the longevity of vultures, 
their starvation tolerance (Spiegel, Harel, Getz, & Nathan, 2013) and 
the large spatial ranges they frequently cover (Spiegel et al., 2015), 
we suggest that the exclusion of the long-term quality of the area 
surrounding the thermal-climbing event from the best fitting model 
was not due to limited capacity to handle spatial memory over these 
scales but because the gathered information was not beneficial over 
these scales (after a few dozens of minutes) (Fagan et al., 2017).

The concept of decision rules in ecology plays an important role 
when studying the way animals deal with uncertainty and com-
plex environments (Fawcett et al., 2014). Such rules were used to 
describe different phenomena, including breeding dispersal deci-
sions (Hoover, 2003), food patch departure decisions (Wajnberg, 
Fauvergue, & Pons, 2000) and mate-choice decisions (Dale & 
Slagsvold, 1996). Here, we suggest that vultures use the relative 
gain of the current thermal column event in relation to the average 
gain during the last few utilised thermal columns. We also observed 
that thermal-climbing departure decisions were affected by a series 
of factors other than climb rate, such as flight altitude and distance 
from the roost. The observed effect of flight altitude may reflect 
the need to visually locate food items on the ground (Shepard et al., 

2011). Other external factors, such as the added information re-
garding nearby resources derived from conspecifics may also affect 
in-flight decision-making, probably by decreasing thermal-climbing 
duration. Therefore, the decision to depart from a thermal column 
integrates a set of inputs which should be weighed against each 
other to produce a decision.

While Eurasian griffon vultures use mostly passive soaring flight, 
other bird species vary their use of powered and passive soaring 
flight (Shamoun-Baranes, Bouten, van Loon, Meijer, & Camphuysen, 
2016; Taylor et al., 2016; Weimerskirch, Bishop, Jeanniard-du-Dot, 
Prudor, & Sachs, 2016). For species that change their flight mode fre-
quently, the additional time-related decisions are likely related to the 
frequency of powered flight and the individual-specific power curve. 
Moreover, the study of variation in time-related decisions across 
other taxa or different habitats may enable to the understanding of 
the extent to which the characteristic time-scales identified could be 
generalised and may shed light on the nature of the dynamic environ-
ment soaring individuals face. Reliable information on the resources 
individuals face at the relevant spatiotemporal scale may assist us to 
gain a more mechanistic understanding of the significant decisions 
vultures make while soaring and to evaluate whether their decisions 
are optimal in the future. Nevertheless, the prevalent spatiotempo-
ral heterogeneity and autocorrelation of resources characterising 
many real-world environments may promote consistent deviations 
from an accurate perception of the environment that may lead to 
maladaptive behaviours (Fawcett et al., 2014).

By quantifying fine-scale patterns of soaring-gliding flight, we 
were able to pinpoint the factors affecting decisions and the way 
animals face their uncertain environment. Furthermore, the fine-
scale data enabled assessment of the characteristic time-scale of 
information used for decision-making, suggesting that vultures re-
solved the uncertainty characterising their surrounding resources by 
acting as Bayesian foragers (Green, 1984; McNamara et al., 2006). 
The mechanisms governing such decisions likely integrate different 
and possibly opposing inputs which should be weighted to deter-
mine the best option among possible alternatives (Stephens, 2008). 
Overall, insights on the decisions by soaring birds of when to depart 
from a thermal (reported here), how to circle drifted thermals (Harel, 
Duriez, et al., 2016) and at which speed to glide between thermals 
(Horvitz et al., 2014) were all made based on fine-resolution data 
on both the movements of the individual birds, and their immediate 
environment. This highlights the unique strength of coupling high-
resolution data on movements of individual free-ranging animals and 
their surrounding environment, to elucidate what governs animal 
decision-making in response to variation in their complex real-life 
environments.
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