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Abstract 

Understanding how vulnerable species are to new stressors, such as anthropogenic changes, is crucial 

for mitigating their potential negative consequences. Many studies have investigated species sensitivity to 

human disturbance by focusing on single behavioral or physiological parameters, such as flight initiation 

distance and glucocorticoid levels. However, little is known about the differential effect that modulating 

factors might have on behavioral versus physiological stress responses across species. This lack of 

knowledge make difficult to understand the relationship between both types of reactions, and thus to assess 

to what extent a behavioral reaction is representative of an internal physiological stress response or vice 

versa. We collected published data on bird flight initiation distances (FID) and corticosterone (CORT) 

responses, the two most frequently used indicators of stress reaction. We then investigated how spatio-

temporal factors or species-specific characteristics relate to these behavioral and physiological stress 

responses, and potentially modify the relationship between them. Additionally, we evaluated the strength of 

the correlation between the two stress responses (behavioral and physiological). Our findings showed that 

FID and CORT responses were poorly correlated across species, and the lack of correlation was attributable 

to modulating factors (e.g. latitude and body mass) which influence behavior and physiology differently. 

These modulating factors, therefore, should be taken into consideration to better interpret FID and CORT 

responses in the context of species vulnerability to stress.  

 

Keywords: adrenocortical response, baseline corticosterone, stress corticosterone, flight initiation distance, 

escape response, human disturbance, recreational activities, stress hormones.  
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Introduction 

 Wild animals are often exposed to threatening situations, such as encounters with predators or 

aggressive competitors, and have developed a series of mechanisms to cope with them (Wingfield, 2013). 

These mechanisms include immediate and short-term changes in both their physiology and behavior 

(Gormally and Romero, 2020). At the physiological level, changes entail increases in the secretion of stress-

related neurotransmitters, catecholamines, and “stress” hormones (i.e. corticosteroids, through the 

hypothalamic–pituitary–adrenal (HPA) axis), as well as the activation of the immune system among others 

(Sapolsky et al., 2000; Tablado and Jenni, 2017). Behaviorally, responses to threats range from passive 

responses, such as hiding and freezing (Steen et al., 1988; Bracha, 2004), to active ones, like escaping or 

attacking (Lima, 1993; Bracha, 2004; Stankowich and Blumstein, 2005).  

The combination of all these mechanisms is intended to improve individual survival by reallocating 

energetic resources towards essential processes, reducing the risk of being harmed, and preparing for 

potential injuries (Wingfield et al., 1998; Blumstein, 2010). However, the activation of all these defense 

mechanisms does not come without a cost. Anti-predatory reactions can lead, for example, to the temporary 

abandonment and exposure of offspring or eggs and to increased energy expenditure (Romero, 2004; 

Buckley, 2011). Moreover, if stress responses are activated too frequently they may result in chronic stress 

(i.e. disrupted HPA axis regulation and functioning), reduced individual fitness (i.e. reduced reproduction 

and/or survival), and even compromised population growth (Dickens and Romero, 2013; Tablado and Jenni, 

2017).  

Humans are often perceived as predators by wildlife (Frid and Dill, 2002), and therefore may trigger 

the same behavioral and physiological responses as other biotic stressors. That is why the increase in 

anthropogenic disturbance (e.g. outdoor sports and recreation, ecotourism, traffic or urbanization), which 

lead to frequent encounters between wildlife and humans, has created concern among researchers and 

conservationists about the consequences of these encounters for wild populations and species. In an attempt 

to better understand species vulnerability to human disturbance, some studies have compared stress 

responses across species by focusing on single parameters, either behavioral or physiological changes (see 
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for example Blumstein et al., 2005; Lendvai et al., 2013). Escape responses (mostly flight initiation 

distance), especially in birds, have been particularly used as a “non-invasive” estimation of species 

sensitivity to human disturbance (Blumstein et al., 2005; Møller and Tryjanowski, 2014). However, it is still 

uncertain to which extent environmental and species-specific characteristic modulate behavior and 

physiology differently and thus, to which extent behavioral reactions are representative of physiological 

responses to stress and vice versa. Therefore, it is unclear if focusing on single parameters is enough if we 

aim at assessing variation in vulnerability to human disturbance across species.   

 The objective of this study was, therefore, to examine how various factors (including characteristics 

of the species and of the spatio-temporal context) modulate the behavioral and physiological stress responses 

across species, in order to understand whether they affect both types of responses in a similar way or not. By 

this, we explored the nature of the relationship between behavioral and physiological reactions across 

species. We focused on the well-studied taxon of birds and we chose the two most commonly measured 

short-term stress responses: flight initiation distance (FID) as the behavioral response and the increase of the 

most common glucocorticoid in birds, corticosterone (CORT), as the physiological response. Both these 

responses are well-conserved mechanisms across vertebrates, comparable among species, and have been 

extensively studied in the literature using standardized protocols (Sapolsky et al., 2000; Romero, 2002; 

Bracha, 2004; Stankowich and Blumstein, 2005; Tablado and Jenni, 2017).  

We collected published data on FID and circulating corticosterone concentrations (baseline and 

stress-induced levels). Then, we analyzed the FID and CORT data to investigate the influence of modulating 

factors that have been previously suggested to affect the two measures (Stankowich and Blumstein, 2005; 

Hau et al., 2010; Tablado and Jenni, 2017). The factors investigated comprised both species-specific 

characteristics (e.g. body mass, longevity) and spatio-temporal variables (e.g. habitat type, life-history 

stage). For the subset of species for which we had data on both stress parameters, we additionally examined 

the strength of correlation between FID and CORT across species. We proposed two alternative hypotheses: 

(1) Modulating factors affect behavior and physiology in similar ways and lead to a positive correlation 

between CORT and FID, with a range going from sensitive species, showing both a stronger physiological 
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response and  a longer FID, to less sensitive species which have both a short FID and a weak CORT 

reactivity. (2) At least some of the modulating factors influence the behavioral and physiological response to 

a stressor differently, which causes a decoupling of the relationship between FID and CORT. This would 

highlight that these modulating factors are important to consider in order to better understand the differences 

in vulnerability to stress across species.   

 

Materials and methods 

Data collection  

 We did an exhaustive literature review and collected available information up to August 2014 on 

population-specific FID and CORT reactivity of bird species all over the world from scientific articles, 

books, dissertations, scientific reports, and unpublished data. This database was later updated with data from 

two published databases: HormoneBase (Vitousek et al., 2018) for CORT and the FID database of Livezey 

et al. (2016) (see Appendix A for the complete list of studies, world areas, and species). FID is defined and 

measured as the distance at which animals can be approached by humans before escaping either by flying, 

swimming or on foot, also called flushing distance, escape distance or approaching distance. The 

information collected on CORT reactivity consisted of circulating baseline and stress-induced levels of 

CORT following a standardized capture-restraint stress protocol (Wingfield et al., 1992). This protocol 

assumes to simulate a threatening situation and measures, first, baseline levels (i.e. mostly within 3 minutes 

after capture) and then examines changes in CORT levels in the blood as a response to capture, restraint and 

handling. The time intervals at which blood was sampled (sampling time) varied across studies, so we 

included this variable in further analyses. Only studies presenting CORT data for both sexes within a 

species, either separately or sex-combined values, were considered for further analyses. When male and 

female values were given separately, we averaged them for each species to reduce the extra variability 

resulting from the between-sex differences and, more importantly, to be consistent with FID data which 

were mostly presented for both sexes combined. We excluded data from populations which were explicitly 
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mentioned to be in poor condition (e.g. data from polluted areas) or to which an experimental treatment had 

been applied. 

 When available from the same or related sources, we also recorded information on the degree of 

urbanization of the study area, latitude, life-history stage, and methodological details such as FID-

measurement technique, bird capture method, CORT-measurement assay, and laboratory in which the 

measurements were done. Urbanization was categorized as either “urban”, when the study sites were located 

within densely build-up areas as either mentioned in the source papers (i.e. urban and suburban areas) or 

identified on a map by the geographical coordinates, or “non-urban” when the source papers or coordinates 

indicated that the site was in a natural or rural area. Life-history stage was classified using six categories: 

“overwintering” (late autumn and winter), “early breeding” (including territory settlement, courtship and egg 

laying), “parental phase” (incubation and rearing offspring), “molt”, “postbreeding” (mainly late summer 

and early autumn) and “migration”. We added another category, “breeding”, for cases when the exact 

breeding stage was not known or several breeding stages had been combined. FID-measurement technique 

was classified as either “standard direct measurement” if data were obtained using standard protocols 

consisting of measuring the distance at which a bird flushes when approached by human (see for example 

Blumstein et al., 2005) or “expert communication” (when the approaching distances were estimated by 

experts without standardized protocols; e.g. Ruddock and Whitfield, 2007). Capture method to measure 

blood CORT levels was categorized as “positive” (when birds were attracted to the traps with a positive 

stimulus, such as baiting), “negative” (when birds were caught directly by approaching them, for example in 

their burrows, or were attracted to mist nets using playbacks or decoys to simulate intrusion), “neutral” 

(when capture included passive mist netting or trapping) or “mixed” (when several methods were used, 

mainly mist netting plus bait trapping). CORT-measurement assay was categorized as either 

radioimmunoassay (RIA) or enzyme immunoassay (EIA). 

 Using sources such as bird handbooks and online databases (see Appendix B for full list of sources), 

we also obtained further information about species-specific variables: average body mass, main diet 

(“carnivore” (including insectivores), “omnivore” or “herbivore”), maximum longevity recorded in the wild, 
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typical habitat type (“closed”: forested areas; “open”: mostly free of trees, such as grasslands or marshlands; 

“mixed”: mixture of open and wooded areas or areas with medium-sized vegetation, such as shrubs), and 

level of aggregation. The latter was determined using descriptions of the usual group size for the given life-

history stage in which the stress measures were taken and was classified as “solitary or pairs”, “small group” 

(for flocks or colonies up to about 100 individuals) and “large group” (for aggregations larger than 100 

individuals). 

 Additionally, we characterized the species’ degree of cryptic coloration (from now on degree of 

crypticity) and probability of disruptive coloration (i.e. coloration that breaks up the body outline) to 

understand to which extent these aspects of coloration could act as camouflage and affect stress responses. 

These two variables were defined using a double-blinded system. First, an ornithologist unaware of the 

purpose of the study was asked to search online for three pictures per species and sex of birds in their typical 

breeding-season habitat. Then, three other ornithologists, also unaware of the purpose of the study, were 

asked to describe all these pictures (~ 2700) according to the following criteria. Firstly, the ornithologists 

were asked to estimate the percentage of matching of the bird’s plumage with the background in terms of 

both color similarity and coloration patterns (distribution of color patches); the three estimates were 

averaged to quantify the degree of crypticity. Cases where there was large variability among the estimates of 

the three ornithologists were considered unreliable and omitted from further analyses. That is, we excluded 

species where the standard deviation of the three estimates was over twice the average standard deviation of 

all species. Secondly, the ornithologists were asked to classify bird coloration in the pictures as disruptive or 

non-disruptive; later, the probability that a species was defined as having a disruptive coloration by the 

observers was calculated as the number of times described as disruptive divided by the total number of 

evaluations for the given species. 

Statistical analyses 

 First, in order to model the variation in FID and CORT data as a function of different modulating 

factors, we performed two phylogenetic linear mixed models, one with FID and the other with CORT 
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concentrations as response variables. For each model we used all available data on either FID (332 species 

and 100 studies) or CORT (90 species and 99 studies), respectively. Both variables were log-transformed to 

better fit a normal distribution (log (FID+0.1) and log (CORT)), where log symbolizes the natural logarithm. 

For CORT, we were mostly interested in the association of modulating factors with CORT reactivity (i.e. on 

the increase in CORT as a response to a stressor), so we analyzed all CORT data together in the same model, 

including both baseline and stress-induced values measured at different times (times ranging from 1 to 60 

minutes). To account for the variation in CORT values with time since capture we incorporated sampling 

time as explanatory variable in the CORT model both as linear and quadratic term, as well as the interactions 

of sampling time with all other explanatory variables to describe how the corticosterone reactivity curve is 

modulated by the different factors. Note that since we were interested in the increasing part of the CORT 

reactivity curve (i.e. CORT increase under stress), we included the interactions of sampling time only with 

its linear term, avoiding in this way unnecessary complexity and over-parameterization.  

We then explored in both separate models the association of FID and CORT, respectively, with the 

spatial context (urbanization, habitat type, and latitude in absolute values, i.e. from 0-90º independent of the 

hemisphere), the temporal context (life-history stage), and the species-specific characteristics (body mass, 

diet, level of aggregation, longevity, degree of crypticity, and disruptive coloration). Body mass was 

incorporated as log-transformed in the models to account for the fact that the relationships with body mass 

may not be linear throughout the whole range but instead may reach an asymptote at larger body masses. 

FID has been shown to increase with body mass in previous studies (e.g. Blumstein 2006), but species with 

exceptionally large body masses may not flee earlier than medium-sized species. Similarly, CORT responses 

were also predicted to show an asymptotic relationship with body mass, although in this case, we expected 

CORT reactivity to decrease with body mass, due to a steady decrease in mass-specific metabolic rate with 

size (Gillooly et al., 2001; Hau et al., 2010; Jimeno et al., 2018). Potential non-linear effects of longevity and 

disruptive coloration were also examined by including their linear and quadratic terms.  

We also included explanatory variables dealing with relevant aspects of the measurement 

methodology: FID-measurement technique in the FID model and capture method and CORT-measurement 
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assay for the analyses of CORT values. Finally, in both models we accounted for within-species and within-

study correlations by including species and study as random factors. In the CORT model we also included 

laboratory as random factor to control for inter-laboratory variation in corticosterone measurements (Fanson 

et al., 2017) and sample ID to account for the correlation of repeated measures (i.e. CORT levels at different 

sampling times) for each species within each study (see Table A.1 and A.2 for complete models). 

Phylogenetic linear mixed models were fitted with the R function and package MCMCglmm (Hadfield, 

2010), using uninformative priors (V = 1, nu = 0.02), 200000 iterations, thinning every 100 iterations, and a 

burn-in period of 3000. The phylogeny to account for phylogenetic non-independence among species was 

obtained by calculating, through the R package phytools (Revell, 2012), the least-squares consensus tree out 

of 100 phylogeny subsets based on the Ericson backbone (Ericson et al., 2006) available from BirdTree.org 

(see Jetz et al., 2012 for more details).  

 To evaluate the effect of the modulating factors in the Bayesian framework we calculated, based on 

the posterior distribution of the model parameters, the posterior probability (PP) of the hypotheses that these 

variables had either a positive or a negative association with the response variable. The higher the 

probability (from 0.5 to 1), the greater the support for the effect of a given variable. For categorical variables 

(e.g. habitat), we additionally calculated for all pair-wise combinations of factor levels the posterior 

probability (PP) of the hypothesis that the mean values differed among categories. Again, the larger this 

probability (0.5 to 1), the stronger the support for the difference between categories. To make inferences 

about differences in corticosterone reactivity depending on the modulating variables (i.e. across predictor 

values or factor categories), we calculated the posterior probability that the fitted reactivity curves differed 

in three different aspects: 1) baseline levels (estimated as values at sampling time of 1 minute; PPb), 2) 

stress levels (i.e. values at sampling time of 30 minutes, as measured by most authors; PP30), and 3) the 

increment in corticosterone levels from 1 to 30 minutes (PPi). For the tables and figures, the posterior mean 

and 95% credible intervals (CrI) were also drawn from the posterior distribution of the model parameters.  

Additionally, for subset of species (n = 48 species) for which we had data on both FID and CORT 

(even if mostly came from separate studies), we implemented a phylogenetic multivariate mixed model to 
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compare the influence of modulating factors on both stress responses simultaneously. That is, FID and 

CORT reactivity were both included as response variables, permitting direct comparisons of the association 

of the explanatory variables with each of them. We used the same explanatory variables and random factors 

as in the two previous models; however, in this case we included only variables that are common to both 

dependent variables in order to be able to compare effect sizes on each response variable. Therefore, we did 

not include response-specific variables, such as FID-measurement technique, capture method, CORT-

measurement assay, CORT laboratory or CORT sampling time. In this case, CORT reactivity was 

calculated as the slope of the increase from baseline CORT to CORT concentration at the time when stress-

peak values were measured (range 20-30 min, mostly around 30 min after capture). Both variables were 

transformed to better fit a normal distribution (i.e. FID was log-transformed (log (FID+0.1)) and CORT 

slope was square-rooted to fulfil normality) (see Table A.6 for complete model). This phylogenetic 

multivariate mixed model was also performed using the R package MCMCglmm (Hadfield, 2010) with the 

same priors, iterations, thinning, burn-in the previous two models. Consensus trees (for this subset of 

species) were also obtained from BirdTree.org and used in the models to control for the effect of phylogeny.  

 Moreover, in order to assess the correlation between behavioral and physiological stress responses 

across species, we used the same subset of species for which we had data on both FID and CORT (n = 48 

species) to calculate a Pearson correlation with phylogenetic data using the R package phytools (Revell, 

2012). That is, we examined whether FID values were correlated with CORT reactivity (stress-induced 

increases in CORT) while controlling for shared ancestry. Both variables were transformed to fulfill 

normality similarly to phylogenetic multivariate mixed model (i.e. log (FID+0.1) and square root (CORT 

slope)). If several values were available per species for either FID or CORT slope, values were averaged to 

create species-specific averages, because very few studies (less than 1%) provided data on FID and CORT 

from the same individuals impeding direct correlations. We calculated repeatability of the traits using rptR 

package (Nakagawa and Schielzeth 2013) in R in this subset of the 48 species as above, and found that both 

FID and CORT slope were highly repeatable within species, which supports the use of species averages for 

the correlation analysis (RFID =0.727 [95% confidence interval: 0.597, 0.806], n=261 FID data; RCORTSLOPE = 
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0.753 [0.623, 0.834], n=173 CORT slope records). For comparison’s sake with the relationship at pre-stress 

corticosterone levels, we added a second phylogenetic correlation between FID and baseline CORT, both 

variables previously log-transformed.  

 

Results 

Our models showed that some modulating factors had similar relationships to both FID and CORT 

while other factors were associated to FID and CORT in different ways (Table 1). The results of 

phylogenetic multivariate mixed model, investigating the influence of modulators on both responses 

simultaneously, were unfortunately not conclusive enough. This is probably due to the limited sample size 

(only 48 species for which both FID and CORT reactivity was available). Despite the lack of robust results 

(Table A.6, Figure A.3), this multivariate model showed trends in agreement with the results observed in the 

separate phylogenetic linear mixed models (Figure 1 and 2). Therefore, given the lack of conclusive results 

from the multivariate model, we decided to focus on the qualitative comparison of the results from the two 

separate models, by comparing the direction (increasing or decreasing) and shape of the observed trends.  

These qualitative comparisons were supported by the high within-species repeatability observed 

(calculated using rptR package in R as above) in the two complete datasets of FID (n = 878 data, 262 

species) and CORT levels (n = 574 data, 71 species) used in these two models. The repeatability without 

controlling for the modulating factors (except for sampling time in the CORT model) was RFID = 0.724 [95% 

CI: 0.671, 0.769] and RCORT = 0.494 [0.376, 0.588], while the values after accounting for the modulating 

factors were RFID = 0.751 [0.706, 0.798] and RCORT = 0.418 [0.307, 0.55] (see Taff et al., (2018) for 

reference on CORT repeatability). Moreover, potential bias caused by differences in the range of data 

available for each model (i.e. each subset of species) is not an issue in this study, since as shown in 

Supplementary Table A.5 the available variation in the explanatory variables does not differ substantially 

between the FID, the CORT, and the multivariate models.  
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With the two separate mixed models, with either FID or CORT as the dependent variable, we found 

that, after controlling for the methodological variables (See Supplementary information Figure A.1), 

modulating factors such as urbanization, life-history stage, disruptive coloration, and level of aggregation 

showed similar relationships with both FID and CORT (Table 1; Figure 1 and 2; Supplementary information 

Table A.1 and A.2). In contrast, other factors, like latitude, habitat type, or body mass, exhibited 

qualitatively different associations to FID and CORT (Table 1; Figure 1 and 2; Supplementary information 

Table A.1 and A.2). Note that the influence of modulators on the CORT reactivity curve can only be fully 

interpreted in the increasing part of the curve, which is the main focus of our study, because we included the 

interactions with sampling time only in its linear form in the CORT model (Figure 2a,b,e,f and Figure A.2). 

Birds in urban environments had both shorter FID and lower CORT reactivity, although this trend 

was less strongly supported (i.e. had a smaller PP) for the physiological than for the behavioral response 

(Table 1; Figure 1a and 2a). Other spatial-context variables modulated FID and CORT levels differently. 

FID decreased with latitude while the CORT stress response increased towards the poles (Table 1; Figure 1b 

and 2b). Habitat type influenced FID, so that species in closed habitats allowed for a closer approach than 

species in mixed or open habitats, while no clear association was observed between habitat and CORT 

reactivity (Table 1; Figure 1c and 2c).  

Regarding the temporal context, the behavioral and the physiological responses varied similarly 

across life-history stages. Birds had shorter FID and weaker CORT reactivity during the parental phases (i.e. 

incubation and chick rearing) and the molting period, while both FID and the CORT reactivity increased 

during migration, overwintering and the early breeding season (i.e. from territory settlement to egg-laying). 

Note that data for molting birds were only available for CORT (Figure 1d and 2d).  

As for the species-specific characteristics, we found that the probability of disruptive coloration and 

the level of aggregation modulated both FID and CORT levels in similar ways (Table 1; Figure 1 and 2). 

Birds with more disruptive color patterns tended to have a shorter FID and lower CORT reactivity (Figure 

1g and Figure 2g). Species in small groups showed a lower behavioral and physiological response to stress, 

whereas species that are more solitary or in large groups presented a higher reactivity (Table 1; Figure 1i and 
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2i). In contrast, FID and CORT showed different relationships with other species-specific variables, such as 

body mass, crypticity, diet, and longevity (Table 1; Figure 1 and 2). FID increased with increasing body 

mass while CORT reactivity showed an opposite relationship, with smaller species having a higher overall 

CORT reactivity (Table 1; Figure 1e and 2e). The degree of crypticity was negatively correlated with FID, 

while this trend was not so clearly supported in the case of CORT reactivity (Table 1; Figure 1f and 2f). 

Similarly, diet had a more marked association with FID than with CORT reactivity. Herbivorous species had 

the largest FID, but differences between diet categories were not observed regarding the CORT response 

(Table 1; Figure 1h and 2h). Longevity showed a quadratic relationship with FID (species with an 

intermediate longevity had the longest FID), while CORT reactivity showed only a weak tendency to be 

higher in species that live longer (Table 1; Figure 1j and 2j). 

In species for which both FID and CORT were available, we found no strong correlation between 

these two responses to stress. While FID showed a strong positive relationship to baseline (i.e. pre-stress) 

levels of CORT (correlation coefficient = 0.6; p-value <0.0001; Figure 3a), stress-induced increases (i.e. 

slope) in CORT (CORT reactivity) did not show a clear association with FID (correlation coefficient = 0.1; 

p-value = 0.5; Figure 3b).  

Discussion 

This study showed that there is not a straightforward relationship between the two most commonly 

measured proxies for behavioral and physiological stress responses across avian species. The hormonal 

reactivity to stress (i.e. the increase of CORT levels in a standardized, threatening situation) showed no 

correlation with the behavioral response (i.e. escape distance from an approaching human), which 

demonstrates that FID is not necessarily representative of the intensity of a species’ CORT reactivity to 

stress, and vice versa. However, we found a positive inter-specific correlation between FID and baseline 

CORT. This coincides with findings at the individual level in, for example, tree lizards and cottonmouth 

snakes (Thaker et al., 2009, Herr et al., 2017), showing that pre-stress circulating CORT levels enhance 

antipredator behavioral responses through the preparatory effects of corticosterone.  
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Our results from the models investigating the influence of multiple factors on both FID and CORT 

reactivity separately suggest that the lack of interspecific correlation between the physiological and 

behavioral stress responses could at least partially be due to the fact that some factors modulate behavioral 

and physiological responses differently. That is, whereas factors such as life-history stage had a similar 

relationship with both FID and CORT reactivity, other factors (e.g. latitude or body mass) seemed to 

modulate the two stress responses in different directions. Our findings are in line with the conceptual review 

of Killen et al. (2013), who suggest that environmental variables may alter general relationships between 

behavior and physiology. 

In this way, spatial-context factors such as latitude seem to modulate the behavioral and 

physiological responses differently. We found that FID decreased with latitude whereas the CORT response 

showed the opposite trend, and therefore the two responses are likely shaped by different processes. For 

example, FID could be driven by the presence or absence of a coevolutionary history with 

predators/humans. Evolving in an environment with lower predation pressure, such as high latitudes, where 

the diversity and abundance of predators is lower (Schemske et al., 2009), could have resulted in bird 

species being more naïve towards humans (Diaz et al., 2013). This coincides with previous studies showing 

shorter FID on islands with low predation pressure than in areas with higher numbers of predators 

(Humphrey et al., 1987; Berger et al., 2007). On the other hand, we found that CORT response was larger at 

high latitudes than at lower latitudes, which agrees with previous studies that found higher CORT levels and 

reactivities at high latitudes and in extreme habitats (Dunlap and Wingfield, 1995; Bókony et al., 2009), 

although this reactivity is reduced during the breeding seasons (e.g. Silverin et al., 1997; O’Reilly and 

Wingfield, 2001). The positive correlation between latitude and CORT responses could be explained by the 

greater need for coping with extreme weather events at high latitudes and the association of cold 

environments with increased metabolic rates (Gillooly et al., 2001; Jimeno et al., 2017), which in turn is 

linked to CORT production (Jessop et al., 2013; Jimeno et al., 2018).  

Habitat type also showed different associations with the behavioral versus the physiological response 

in our study. Species inhabiting habitats with closed, dense vegetation seemed to allow closer approach than 
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species in more open habitats; however, corticosterone reactivity did not differ across habitats. This 

divergence of patterns could be explained by vegetation density acting as a shield that both reduces 

predator/human detection by birds and also provides birds with a sense of shelter, thus delaying active 

behavioral reactions (Stankowich and Blumstein, 2005; Thiel et al., 2007; Tablado and Jenni, 2017). In 

contrast, stress-induced corticosterone levels represent the physiological response to an actual predation 

threat (Sapolsky et al., 2000; Tablado and Jenni, 2017), in this case the capture, restraint and handling 

protocol, and may be therefore independent of previous variation in probability of predator detection.  

On the other hand, we found a tendency towards both lower FID and CORT levels in urban study 

sites. This could be explained by urbanization creating environments where frequent human disturbance 

selects for bolder personalities within and/or among species, therefore, resulting in urban populations 

reacting less to humans (Atwell et al., 2012; Rebolo-Ifran et al., 2014; Sprau and Dingemanse, 2017). To a 

certain extent, habituation could also play a role, in that urban birds get used to human presence and do not 

perceive their approach as a threat, shaping their behavioral responses towards shorter FIDs (Vincze et al., 

2016; Cavalli et al., 2018). Similar mechanisms might have also led to reduced CORT reactivity in some 

urban-dwelling birds, although within-species studies so far have produced mixed results (Bonier, 2012; 

Sepp et al., 2018; Iglesias-Carrasco et al., 2020).  

Regarding the temporal context, behavior and physiology in our study seemed to respond similarly to 

changes in life-history stage. Birds showed shorter FID and smaller CORT responses during the parental 

phases of reproduction (i.e. incubation and chick rearing) or molting periods than during other periods of the 

annual cycle. This pattern agrees with previous studies, which partially investigated this question within 

single-species systems or across specific life-history stages (Romero et al., 1998; Romero, 2002; Tablado 

and Jenni, 2017). Both behavioral and physiological stress responses promote self-maintenance (Wingfield 

and Sapolsky, 2003; Cornelius et al., 2011), therefore both responses are suppressed to a certain extent 

during parental stages of the life cycle in order to allow for successful reproduction (Romero, 2002; 

Wingfield and Sapolsky, 2003; Angelier and Wingfield, 2013). Molting birds are also limited in their 
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capacity to behaviorally or physiologically respond to stressors (Romero, 2002; Tablado and Jenni, 2017; 

Jenni and Winkler, 2020). 

As for the species-specific characteristics, the level of aggregation showed a similar relationship to 

both behavioral and physiological responses, with species living in small groups having lower CORT 

response and shorter FID than species living either in larger groups or solitarily. Forming groups has the 

advantage of decreasing the probability of being predated through risk dilution and reducing the per-

individual amount of vigilance time, as well as increasing the likelihood of finding food (Elgar, 1989; 

Roberts, 1996; Stankowich and Blumstein, 2005). All this would result in lower levels of overall stress and 

therefore to lower reactions to disturbance; however, when groups are too large, increases in stressful social 

interactions (such as increased intragroup competition) and in likelihood of arousal lead to higher 

probabilities of triggering antipredator behavioral and/or physiological responses (Pride, 2005; Tablado and 

Jenni, 2017). 

Regarding camouflage, we observed that both behavioral and physiological responses decreased with 

the probability of disruptive coloration of the species. The species more likely to be described as 

“disruptively colored” escaped later and showed lower CORT responses. Similarly, we found that stress 

responses decreased with the degree of crypticity, especially in the case of FID, which coincides with results 

of previous studies in birds and other taxa (Heatwole, 1968; Møller et al., 2019). This could be explained by 

evolutionary processes favoring crypticity and disruptive coloration as adaptations to reduce predation, 

through decreasing the probability of predators detecting prey or discerning their vital parts, respectively 

(Schaefer and Stobbe, 2006; Stevens and Merilaita, 2009), thus, alleviating the evolutionary pressure 

towards the development of strong behavioral or physiological anti-predator responses.  

Body mass showed contrasting associations with FID versus CORT reactivity. While escape 

distances increased with body mass, especially in the lower part of the body mass range, CORT response 

decreased, with larger species showing a weaker CORT reactivity under stress. These results agree with 

previous research investigating FID and CORT separately. On the one hand, larger species might be able to 

perceive predators from longer distances given their bigger eyes and body size (Kiltie, 2000). Moreover, 
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their larger size might limit fast flushing responses, forcing them to react in advance (Blumstein et al., 2005; 

Tablado and Jenni, 2017). On the other hand, CORT production is closely linked to mass-specific metabolic 

rate, which tends to increase with decreasing body size, therefore allowing for a stronger relative CORT 

response in smaller species (Jessop et al., 2013; Tablado and Jenni, 2017). 

Diet type also modulated behavioral and hormonal stress responses differently. The largest flight 

initiation distances were observed in herbivore species. This is consistent with the predation risk hypothesis, 

since predation risk is likely to be higher for herbivores than for non-herbivore species, and furthermore, the 

cost of moving to alternative breeding sites when disturbed might also be lower for herbivorous species (Gill 

et al., 2001; Capellini et al., 2008; but see Blumstein, 2006). However, when looking at the CORT response, 

we found no clear differences among the three types of species. 

Finally, although we did not observe a strong relationship between longevity and CORT responses, 

there seems to be a quadratic association between longevity and FID, with stronger escape responses 

occurring at intermediate longevities. This is consistent with previous research suggesting that “slow” 

species, with long lives and smaller yearly reproductive output, invest more in self-maintenance and less in 

reproduction when facing challenges (Breuner, 2010; Hau et al., 2010; Møller and Garamzegi, 2012). 

However, beyond a certain longevity threshold, birds might face less threats and predator pressures in 

general, and thus, they may not perceive human approaches as such a strong risk as species with 

intermediate life spans. A link between naivety to predation and low behavioral reactions has been shown 

e.g. on islands (Berger et al., 2007). Moreover, extremely long-lived species may also accumulate more 

experience about predators and have more opportunities to learn that humans are not dangerous, and this 

may result in reduced stress responses (Lendvai et al., 2013; Sol et al., 2016).  

In conclusion, even though flight initiation distance and corticosterone reactivity are both 

mechanisms used by animals for self-protection under threatening situations, the two responses are not 

entirely correlated across avian species, especially outside the breeding season. Both physiology and 

behavior are modulated differently by intrinsic and extrinsic factors. We acknowledge that our results are 

based on qualitative comparisons and that future studies should focus on measuring both physiological and 
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behavioral stress responses under the same circumstances in the same individuals to allow for more 

quantitative comparisons. However, this limitation does not invalidate the general patterns found here. We 

suggest that flight initiation distance patterns are mainly driven by evolution under different predation 

pressures, including variations in the amount and diversity of predators, probabilities of detection or of being 

detected and attacked, and thus threat perception in general. In contrast, CORT reactivity patterns seem to be 

influenced by more complex evolutionary pressures, since CORT levels respond not only to predation 

threats, but are also associated with metabolic changes that help the organism to cope with multiple stressors 

including starvation, disease and extreme weather. Furthermore, measures of flight initiation distance are not 

only affected by the animals' perception of risk but also by the probability of detecting the predator/human 

in the first place, while the standard measurement of CORT response involves the actual capturing and 

handling of the individuals, filtering out the effect of probability of detection. Therefore, the usually 

measured behavioral and physiological stress responses are not always representative of each other. This 

means that, when the two kinds of responses are studied separately, the results should be interpreted 

carefully. For example, a species that flees from longer distances is not necessarily more sensitive 

physiologically to various stressors; similarly, a species producing high CORT responses to the capture-

restraint protocol is not necessarily the one most impacted behaviorally by human disturbance. Thus, for 

protecting wildlife in a world increasingly affected by urbanization and other forms of anthropogenic 

environmental change, we suggest that assessments of conservation status take into consideration 

modulating factors in order to better interpret single stress responses, and, if possible, take into account 

multiple (both behavioral and physiological) measures of stress responses simultaneously.   
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Table 1. Summary of the qualitative results from the separate models with either FID or CORT as the 

dependent variable and all modulating factors as independent variables, after controlling for the 

methodological variables (see Appendix Table A.1 and A.2 for the full model output). 

 

  
Stress Response 

Modulating Factor   FID   CORT reactivity 

Urbanization 
 

Non-Urban > Urban 
 

Non-Urban > Urban 

Absolute latitude 
 

Low > High 
 

High > Low 

Type of habitat 
 

Mixed, Open > Closed 
 

Closed ~ Mixed ~ Open 

Life-history stage 

 

Migration, Overwintering and Early 

breeding > Parental phase 

 

Migration, Overwintering and Early 

breeding > Parental phase and Molt 

Bodymass 
 

High > Low 
 

Low > High 

Degree of crypticity  

 

Low > High 

 

Low ~ High 

Disruptive coloration 

 

Low > High 

 

Low > High 

Type of diet 

 

Herbivorous > Omnivorous and 

Carnivorous 

 

Herbivorous ~ Omnivorous ~ 

Carnivorous 

Level of aggregation 

 

Large and Solitary > Small 

 

Large and Solitary > Small 

Longevity    Intermediate > Low and High   Low ~ Intermediate ~ High 
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Figure 1. Graphical presentation of effect sizes for factors influencing flight initiation distance (estimated 

means ± 95% credible intervals) derived from the model presented in Appendix Table A.1. Posterior 

probabilities (PP ranging from 0.5 to 1) represent the strength of the support for a given effect. For factors 

with more than two categories, we used different letters to represent categories diverging with a PP > 0.9, as 

a reference of the magnitude of the probability with which the categories differ (complete pairwise PPs are 

shown in Table A.3). Note that we had no available data on FID of molting birds, thus, this category was not 

included in panel d.  
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Figure 2. Graphical presentation of effect sizes for factors related to CORT levels, derived from the model 

presented in Appendix Table A.2. For factors with only two categories, estimated CORT levels (± 95% 

credible intervals) are plotted across the whole sampling-time range (a), whereas for factors with more than 

two categories, for simplicity, we only show levels at baseline (1 min; black squares) and at 30 min after 

capture (black triangles), with their credible intervals (dashed lines). The increase in CORT from 1 to 30 

min is indicated with the solid grey line (c, d, h and i; see complete plots in Figure A.2). Similarly, for 

continuous variables with a linear or logarithmic effect we plotted CORT levels across the whole sampling-

time range by selecting the highest and lowest values of the dataset (b, e, f), whereas in the continuous 

variables with quadratic effect we selected three values (lowest, highest, and intermediate, i.e. middle point 

of the range) and represented them in the same way as factors with several categories (g, j). Posterior 

probabilities (PP; ranging from 0.5 to 1) represent the likelihood of a given difference. That is, PPb, PP30 

and PPi denote the probability of having differences between two categories or levels in baseline CORT, in 

stress-induced CORT at 30 min, or in the increment from baseline to stress-induced CORT, respectively. 

Letters indicate whether categories (or levels of continuous variables) differ from each other with a PPb 

(lower), PP30 (higher), or PPi (middle position; grey) higher than 0.9. We used this cut-off value as a 

reference for representation, but complete PPs for the pairwise comparisons are shown in Table A.4. Note 

the differences in the y-axes. 
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Figure 3. Phylogenetic correlations between FID and baseline corticosterone level (a) or corticosterone 

reactivity (b) across species. The stress-induced increase in corticosterone corresponds to the slope of the 

increase from baseline CORT levels to peak stress-induced CORT levels.  
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Appendix A: List of sources for the FID and CORT data used in the analyses. Indicated are the species for 

which data were available, the type of data (Flight initiation distance; FID corticosterone reactivity; CORT), 

and the study area. 

REFERENCE SPECIES DATA TYPE STUDY AREA 

(Ackerman et al. 2004) Anser albifrons FID California, USA 

(Adams et al. 2005) Pterodroma macroptera CORT New Zealand 

(Addison et al. 2008) Cerorhinca monocerata CORT British Columbia, Canada 

(Albrecht & Klvana 2004) Anas platyrhynchos FID Trebon Biosphere Reservoir, 

Czech Republic 

(Alvarez et al. 1984) Alectoris rufa, Ardea cinerea, Bubulcus ibis, 

Calidris alba, Caprimulgus ruficollis, 

Egretta garzetta, Himantopus himantopus, 

Larus argentatus, Pica pica, Upupa epops, 

Vanellus vanellus 

FID Donana Biological Park, Spain 

Amundsen, T. personal 

communication 

Pagodroma nivea FID Dronning Maud Land, 

Antarctica 

(Angelier et al. 2007) Rissa tridactyla CORT Kongsfjorden, Svalbard 

(Angelier et al. 2007) Pagodroma nivea CORT Pointe Géologie archipelago, 

Antarctica 

(Angelier et al. 2009) Pagodroma nivea CORT Pointe Géologie archipelago, 

Antarctica 

(Angelier et al. 2013) Daption capense CORT Pointe Géologie archipelago, 

Antarctica 

Angelier, F. personal 

communication 

Aptenodytes patagonicu, Thalassarche 

melanophrys 
FID Kerguelen Islands 

Angelier, F. personal 

communication 

Daption capense, Pagodroma nivea, 

Pygoscelis adeliae 
FID Pointe Géologie archipelago, 

Antarctica 

Angelier, F. personal 

communication 

Diomedea exulans FID Possession Island 

Angelier, F. personal 

communication 

Rissa tridactyla FID Svalbard 

(Astheimer et al. 1994) Zonotrichia leucophrys CORT Toolik Lake Arctic Research 

Station, Alaska; Yakima 

County,  Washington, USA 

(Astheimer et al. 1995) Calcarius lapponicus CORT Toolik Lake Arctic Research 

Station, Alaska 

(Astheimer et al. 2000) Spizella arborea CORT Toolik Lake Arctic Research 

Station, Alaska 

(Atwell et al. 2012) Junco hyemalis FID California, USA 

(Baines & Richardson 2007) Tetrao tetrix FID North Pennines, UK 

(Barron et al. 2012) Cardinalis cardinalis FID Fort Hood, Texas, USA 

(Baudains & Lloyd 2007) Charadrius marginatus FID South Africa 

(Baugh et al. 2013) Parus major CORT Arnhem, The Netherlands 

(Beale & Monaghan 2004) Arenaria interpres FID East Lothian coast of Scotland 

(Bears et al. 2003) Junco hyemalis CORT Jasper national park, Alberta, 

Canada 

(Bety & Gauthier 2001) Chen caerulescens FID Bylot Island, Canada 

(Blakney 2004) Thinornis rubricollis FID Australia 

(Blumstein et al. 2003) Haematopus longirostris, Larus 

novaehollandiae, Limosa lapponica, 

Pelecanus conspicillatus, Threskiornis 

molucca, Vanellus miles 

FID New South Wales, Australia 
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(de Boer & Longamane 

1996) 

Calidris ferruginea, Numenius phaeopus, 

Numenius phaeopus, Pluvialis squatarola, 

Tringa nebularia 

FID Mozambique 

(Bötsch et al. 2018) Aegithalos caudatus, Certhia brachydactyla, 

Coccothraustes coccothraustes, Cyanistes 

caeruleus, Dendrocopos major, Erithacus 

rubecula, Fringilla coelebs, Parus major, 

Parus palustris, Phylloscopus collybita, 

Sitta europaea, Troglodytes troglodytes, 

Turdus merula, Turdus philomelos 

FID Foret de Chaux, France 

Bötsch, Y. unpublished data Cyanistes caeruleus, Parus major CORT Foret de Chaux, France 

(Boughton et al. 2006) Aphelocoma coerulescens CORT Archbold Biological Station, 

Florida, USA 

(Bregnballe et al. 2009) Anas crecca, Anas penelope, Anas 

platyrhynchos, Anser anser, Ardea cinerea, 

Fulica atra, Phalacrocorax carbo, Tringa 

nebularia, Vanellus vanellus 

FID Denmark 

(Breuner et al. 2006) Sterna hirundo CORT Bird Island, Massachusetts, 

USA 

(Breuner & Orchinik 2001) Passer domesticus CORT Arizona, USA 

(Brooks 1960) Agelaius phoeniceus, Carduelis tristis, 

Dendroica petechia, Empidonax traillii, 

Geothlypis trichas, Melospiza georgiana, 

Melospiza melodia 

FID Wisconsin, USA 

(Burger & Gochfeld 1991) Anthornis melanura, Carduelis flammea, 

Emberiza citrinella, Fringilla coelebs, 

Petroica australis, Prunella modularis, 

Rhipidura fuliginosa, Turdus merula, 

Turdus philomelos, Zosterops lateralis 

FID Kaikoura, New Zealand 

(Burger & Gochfeld 1983) Larus argentatus,  Larus marinus FID New Hampshire, USA 

(Burger & Gochfeld 1991) Acridotheres tristis, Corvus corone, Corvus 

splendens, Passer domesticus, Streptopelia 

decaocto 

FID Northern India 

(Burhans & Thompson 

2001) 

Cardinalis cardinalis, Icteria virens, 

Passerina cyanea, Spizella pusilla 
FID Missouri, USA 

(Cárdenas et al. 2005) Cacatua roseicapilla FID Jervis Bay, Australia 

(Chastel et al. 2005) Rissa tridactyla CORT Kongsfjorden, Svalbard 

(Clucas & Marzluff 2012) Corvus brachyrhynchos, Corvus cornix, 

Passer domesticus, Sturnus vulgaris, Turdus 

migratorius 

FID Seattle, USA; Berlin, Germany 

(Cockrem et al. 2006) Pygoscelis adeliae CORT Ross Island, Antarctica 

(Cockrem et al. 2008) Pygoscelis adeliae CORT Ross Island, Antarctica 

(Cockrem et al. 2009) Pygoscelis adeliae CORT Ross Island, Antarctica 

(Cooke 1980) Alauda arvensis, Carduelis carduelis, 

Carduelis chloris, Corvus frugilegus, 

Corvus monedula, Cyanistes caeruleus, 

Emberiza citrinella, Erithacus rubecula, 

Fringilla coelebs, Fringilla coelebs, 

Motacilla alba, Parus major, Passer 

domesticus, Prunella modularis, Sturnus 

vulgaris, Sylvia communis, Turdus merula, 

Turdus philomelos 

FID UK 

(Cornelius et al. 2012) Loxia curvirostra CORT Coastal Washington; Grand 

Teton National Park, Wyoming  

(Diaz et al. 2013) Acrocephalus palustris, Acrocephalus 

schoenobaenus, Acrocephalus scirpaceus, 

Aegithalos caudatus, Alauda arvensis, 

Alectoris rufa, Anas crecca, Anas 

platyrhynchos, Anser anser, Anthus 

FID Brønderslev, Denmark; 

Budapest, Hungary; Granada, 

Spain; Olomouc, Czech 

Republic; Oslo, Norway; Paris, 

France; Poznan, Poland; 
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pratensis, Anthus spinoletta, Anthus 

trivialis, Ardea cinerea, Athene noctua, 

Aythya fuligula, Branta leucopsis, 

Bucephala clangula, Buteo buteo, Carduelis 

cannabina, Carduelis carduelis, Carduelis 

chloris, Carduelis spinus, Certhia 

brachydactyla, Certhia familiaris, 

Charadrius hiaticula, Coccothraustes 

coccothraustes, Columba livia, Columba 

oenas, Columba palumbus, Corvus corax, 

Corvus cornix, Corvus frugilegus, Corvus 

monedula, Cuculus canorus, Cyanistes 

caeruleus, Cyanopica cyana, Delichon 

urbica, Dendrocopos major, Emberiza 

calandra, Emberiza citrinella, Emberiza 

schoeniclus, Erithacus rubecula, Falco 

tinnunculus, Ficedula hypoleuca, Fringilla 

coelebs, Fulica atra, Galerida cristata, 

Gallinago gallinago, Garrulus glandarius, 

Haematopus ostralegus, Hippolais icterina, 

Hippolais polyglotta, Hirundo rustica, 

Lagopus mutus, Lanius collurio, Lanius 

senator, Larus argentatus, Larus canus, 

Larus fuscus, Larus marinus, Larus 

ridibundus, Lullula arborea, Luscinia 

luscinia, Luscinia megarhynchos, Luscinia 

svecica, Merops apiaster, Motacilla alba, 

Motacilla cinerea, Motacilla flava, 

Muscicapa striata, Nucifraga caryocatactes, 

Numenius arquata, Oenanthe oenanthe, 

Oriolus oriolus, Parus cristatus, Parus 

major, Parus montanus, Parus palustris, 

Passer domesticus, Passer montanus, Perdix 

perdix, Periparus ater, Phalacrocorax 

carbo, Phasianus colchicus, Phoenicurus 

ochruros, Phoenicurus phoenicurus, 

Phylloscopus collybita, Phylloscopus 

trochilus, Pica pica, Picoides syriacus, 

Prunella modularis, Pyrrhula pyrrhula, 

Regulus ignicapillus, Regulus regulus, 

Riparia riparia, Saxicola rubetra, Saxicola 

torquata, Serinus serinus, Sitta europaea, 

Streptopelia decaocto, Streptopelia turtur, 

Sturnus unicolor, Sturnus vulgaris, Sylvia 

atricapilla, Sylvia borin, Sylvia communis, 

Sylvia curruca, Sylvia melanocephala, 

Tadorna tadorna, Tringa nebularia, Tringa 

totanus, Troglodytes troglodytes, Turdus 

iliacus, Turdus merula, Turdus philomelos, 

Turdus pilaris, Turdus viscivorus, Upupa 

epops, Vanellus vanellus 

Rovaniemi, Finland; Toledo, 

Spain 

(Douglas et al. 2009) Aethia cristatella CORT Big Koniuji Island, Alaska 

(Dwyer 2010) Anas penelope, Anas platyrhynchos, 

Haematopus ostralegus, Numenius arquata, 

Tadorna tadorna, Tringa totanus 

FID Forth estuary, Scotland 

(Eason et al. 2006) Turdus migratorius FID Kentucky, USA 

(Ellenberg et al. 2007) Megadyptes antipodes FID, CORT Otago, South Island, New 

Zealand 

(Erwin 1989) Rynchops niger, Sterna hirundo, Sterna 

maxima 
FID Virginia and North Carolina, 

USA 

(Falsone et al. 2009) Anthus trivialis, Cyanistes caeruleus,  

Erithacus rubecula, Ficedula hypoleuca, 
CORT Col de bretolet, between 

Switzerland and France 
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Fringilla coelebs, Motacilla flava, Parus 

major, Periparus ater, Turdus philomelos 

(Fernandez-Juricic et al. 

2001) 

Columba palumbus, Passer domesticus, 

Pica pica, Turdus merula 
FID Madrid, Spain 

(Fernandez-Juricic et al. 

2004) 

Molothrus badius FID La Quebrada Reserve; 

Argentina 

(Fernandez-Juricic et al. 

2009) 

Passerculus sandwichensis FID California, USA 

(Ferrari et al. 2012) Calidris fuscicollis, Limosa haemastica, 

Numenius phaeopus 
FID Santa Cruz, Argentina 

(Forbes et al. 1994) Anas americana, Anas clypeata, Anas 

discors, Anas platyrhynchos, Anas strepera, 

Aythya affinis 

FID Saskatchewan, Canada 

(Fowler 1999) Spheniscus magellanicus FID Chubut, Argentina 

(Fraser et al. 1985) Haliaeetus leucocephalus FID Minnesota, USA 

(Galeotti et al. 2000) Asio otus FID Northern Italy 

(Geist et al. 2005) Platycercus elegans, Strepera graculina FID Booderee National Park, 

Australia 

(Glover et al. 2011) Vanellus miles FID South-eastern Australia 

(Goutte et al. 2010) Pagodroma nivea CORT Pointe Géologie archipelago, 

Antarctica 

(Guay et al. 2013) Cygnus atratus FID Melbourne, Australia 

(Gulbransen et al. 2006) Chenonetta jubata, Cracticus tibicen FID New South Wales, Australia 

(Gutzwiller & Marcum 

1997) 

Cardinalis cardinalis, Dendroica coronata, 

Melanerpes carolinus, Mimus polyglottos, 

Parus carolinensis, Regulus calendula, 

Turdus migratorius 

FID Texas, USA 

(Gutzwiller et al. 1998) Dendroica coronata, Parus gambeli, 

Perisoreus canadensis, Turdus migratorius 
FID Wyoming, USA 

(Heidinger et al. 2010) Sterna hirundo CORT Bird Island, Massachusetts, 

USA 

(Holberton & Able 2000) Junco hyemalis CORT Yalobusha County, Mississippi 

and Albany County, New 

York, USA 

(Holberton & Wingfield 

2003) 

Passerculus sandwichensis, Spizella 

arborea, Zonotrichia leucophrys 
CORT Toolik Lake Arctic Research 

Station, Alaska 

(Holberton et al. 1996a) Aptenodytes patagonicus, Pygoscelis papua CORT South Georgia Islands 

(Holberton et al. 1996b) Dendroica coronata, Dumetella carolinensis CORT Block Island, Rhode Island, 

USA 

(Holmes 2007) Aptenodytes patagonicus, Pygoscelis papua FID Macquarie Island, Australia 

(Holmes et al. 1993) Aquila chrysaetos, Buteo lagopus, Buteo 

regalis, Falco columbarius, Falco 

mexicanus, Falco sparverius 

FID Colorado, USA 

(Hood et al. 1998) Spheniscus magellanicus CORT Chubut, Argentina 

(Hope et al. 2014) Calidris mauri FID British Columbia, Canada 

(Horton & Holberton 2010) Zonotrichia albicollis CORT Penobscot Experimental 

Forest, Maine 

(Humphrey et al. 1987) Cathartes aura, Gallinago gallinago, 

Haematopus ostralegus, Larus dominicanus, 

Larus dominicanus, Nycticorax nycticorax, 

Stercorarius antarcticus, Troglodytes aedon 

FID Falkland Islands; Chubut, 

Argentina 

(Ikuta & Blumstein 2003) Ardea alba, Ardea herodias, Calidris mauri, 

Calidris minutilla, Egretta thula, Larus 

delawarensis, Pluvialis squatarola, Tringa 

semipalmata 

FID California, USA 

(Jungius & Hirsch 1979) Phoebastria irrorata FID Galapagos Islands 
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(Kight & Swaddle 2007) Sialia sialis FID Virginia, USA 

(Kitaysky et al. 1999) Rissa tridactyla CORT Cook Inlet, Alaska 

(Kitchen et al. 2011) Grallina cyanoleuca FID Melbourne, Australia 

(Koch & Paton 2014) Arenaria interpres, Calidris alba, Calidris 

alpina, Calidris canutus, Calidris minutilla, 

Calidris pusilla, Charadrius semipalmatus, 

Haematopus palliatus, Limnodromus 

griseus, Pluvialis squatarola, Tringa 

semipalmata 

FID Massachusetts, USA 

(Kosztolanyi et al. 2012) Charadrius alexandrinus CORT Lake Tuzla, Turkey 

(Landys-Ciannelli et al. 

2002) 

Limosa lapponica CORT Wadden Sea, Netherlands 

(Lattin et al. 2012) Passer domesticus CORT Medford and Somerville, 

Massachussets, USA 

(Laursen et al. 2005) Anas acuta, Anas crecca, Anas penelope, 

Anas platyrhynchos, Branta bernicla, 

Calidris alpina, Charadrius hiaticula, 

Haematopus ostralegus, Larus canus, Larus 

ridibundus, Limosa lapponica, Numenius 

arquata, Pluvialis apricaria, Pluvialis 

squatarola, Recurvirostra avosetta, Tadorna 

tadorna, Tringa nebularia, Tringa totanus, 

Vanellus vanellus 

FID Danish Wadden Sea, Denmark 

(Leclaire et al. 2011) Rissa tridactyla CORT Middleton Island, Gulf of 

Alaska 

(Le Corre 2009) Anas crecca, Anas platyrhynchos, Branta 

bernicla, Calidris alpina, Egretta garzetta, 

Fulica atra, Haematopus ostralegus, Larus 

fuscus, Larus ridibundus, Limosa lapponica, 

Numenius arquata, Pluvialis squatarola, 

Recurvirostra avosetta, Tadorna tadorna, 

Tringa totanus 

FID Bretagne, France 

(Lendvai & Chastel 2008) Passer domesticus CORT Centre d’Etudes Biologiques 

de Chize, France 

(Lendvai et al. 2007) Passer domesticus CORT Centre d’Etudes Biologiques 

de Chize, France 

(Le Pape 2012) Rupicola rupicola FID French Guiana 

(Levey et al. 2009) Mimus polyglottos FID Florida, USA 

(Li et al. 2008) Passer domesticus, Passer montanus CORT Phoenix, Arizona; Tibetan 

plateau 

(Li et al. 2011) Passer montanus CORT Qianjin village; 

Nanshijiazhuang village; 

Luancheng county 

(Lin et al. 2012) Actitis hypoleucos, Anas crecca, Ardea alba, 

Ardea cinerea, Arenaria interpres, Calidris 

alpina, Calidris ferruginea, Calidris 

ruficollis, Calidris temminckii, Charadrius 

leschenaultii, Charadrius mongolus, 

Chlidonias hybrida, Larus ridibundus, 

Numenius arquata, Numenius phaeopus, 

Pluvialis fulva, Pluvialis squatarola, 

Recurvirostra avosetta, Sterna albifrons, 

Tringa nebularia, Tringa ochropus, Tringa 

stagnatilis, Tringa totanus, Xenus cinerea 

FID Xiamen City, China 

(Lindstrom et al. 2005) Carpodacus mexicanus CORT Atlanta, Georgia; Ithaca, New 

York; Princeton,  New Jersey, 

USA 

(Long & Holberton 2004) Catharus guttatus CORT Manomet, Massachusetts; 

Steuben, Maine, USA 
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(Lord et al. 2001) Charadrius obscurus FID North Island, New Zealand 

(Lormée 2001) Phaethon rubricauda CORT Europa Island, Mozambique 

Channel, Western Indian 

Ocean 

(Lunardi & Macedo 2013) Calidris pusilla FID Bahia state, Brazil 

(Lynn & Porter 2008) Passer domesticus CORT Wooster, Ohio, USA 

(Lynn et al. 2003) Calcarius ornatus CORT Benton Lake National 

Wildlife Refuge, Montana, 

USA 

(Mallory et al. 1998) Bucephala clangula, Lophodytes cucullatus FID Ontario, Canada 

(Malueg et al. 2009) Picoides borealis CORT Marine Corps Base Camp 

Lejeune, North Carolina, USA 

(Marra & Holberton 1998) Setophaga ruticilla CORT Font Hill Nature Preserve, 

Jamaica 

(Martin II et al. 2005) Passer domesticus CORT Princeton, New Jersey, USA; 

Zona Libre, Colon, Panama 

(Meddle et al. 2003) Calcarius pictus CORT Toolik Lake, Alaska 

(Miller et al. 2001) Pooecetes gramineus, Sturnella neglecta, 

Turdus migratorius 
FID Colorado, USA 

(Mizrahi et al. 2001) Calidris pusilla CORT Thompsons Beach and Dennis 

Creek Marsh, Delaware Bay, 

USA 

(Monie 2011) Cygnus atratus FID Melbourne, Australia 

(Møller & Tryjanowski 

2014) 

Acrocephalus palustris, Alauda arvensis, 

Anas platyrhynchos, Ardea cinerea, 

Carduelis cannabina, Carduelis carduelis, 

Carduelis chloris, Certhia brachydactyla, 

Columba livia, Columba palumbus, Corvus 

cornix, Corvus corone, Corvus frugilegus, 

Corvus monedula, Cyanistes caeruleus, 

Delichon urbica, Dendrocopos major, 

Emberiza calandra, Emberiza citrinella, 

Erithacus rubecula, Fringilla coelebs, 

Galerida cristata, Gallinula chloropus, 

Garrulus glandarius, Hirundo rustica, 

Lanius collurio, Motacilla alba, Motacilla 

cinerea, Motacilla flava, Muscicapa striata, 

Parus major, Passer domesticus, Passer 

montanus, Phoenicurus ochruros, 

Phoenicurus phoenicurus, Phylloscopus 

collybita, Phylloscopus trochilus, Pica pica, 

Picus viridis, Prunella modularis, Serinus 

serinus, Sitta europaea, Streptopelia 

decaocto, Sturnus vulgaris, Sylvia 

atricapilla, Sylvia borin, Sylvia communis, 

Sylvia curruca, Troglodytes troglodytes, 

Turdus merula, Turdus philomelos, Turdus 

pilaris, Vanellus vanellus 

FID Paris, France; Poznan, Poland 

(O’Reilly & Wingfield 

2001) 

Calidris melanotos, Calidris pusilla, 

Calidris pusilla, Calidris pusilla, 

Phalaropus fulicarius 

CORT Barrow, Seward Peninsula, and 

Prudhoe Bay, Alaska 

(O’Reilly & Wingfield 

2003) 

Calidris mauri CORT Nome, Alaska 

(Paton et al. 2000) Recurvirostra novaehollandiae, Tringa 

nebularia 
FID South Australia, Australia 

(Payne et al. 2012) Cygnus atratus CORT Albert Park Lake, Melbourne, 

Australia 

(Pereyra & Wingfield 2003) Empidonax oberholseri CORT Tioga Pass, California, USA 
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(Perfito et al. 2002) Histrionicus histrionicus CORT Olympic Peninsula, 

Washington; Puget Sound, 

Protection Island, and  

Whidbey Island 

(Perfito et al. 2007) Taeniopygia guttata CORT Numurkah, Melbourne, 

Australia 

(Pfeiffer 2005) Macronectes giganteus, Stercorarius 

antarcticus, Stercorarius maccormicki 
FID King George Island, Antarctic 

(Price 2003) Cracticus tibicen, Grallina cyanoleuca, 

Rhipidura leucophrys, Turdus merula 
FID Victoria, Australia 

(Quirici et al. 2014) Aphrastura spinicauda CORT Fray Jorge National Park, 

Manquehue Hill, Williams Port 

in Navarino Island, Chile 

(Remage-Healey & Romero 

2001) 

Sturnus vulgaris CORT Eastern Massachusetts, USA 

(Reneerkens et al. 2002) Calidris canutus CORT Ellesmere Island, Canada 

(Riou et al. 2010) Puffinus puffinus CORT Skomer Island, Wales 

(Robinson 2008) Charadrius nivosus FID California, USA 

(Roby et al. 1981) Alle alle FID Greenland 

(Rodgers, Jr. & Smith 1995) Ardea alba, Ardea herodias, Egretta 

tricolor, Eudocimus albus, Mycteria 

americana, Nycticorax nycticorax, 

Pelecanus occidentalis, Phalacrocorax 

auritus, Rynchops niger, Sterna antillarum 

FID Florida, USA 

(Rodgers, Jr. & Smith 1997) Ardea alba, Ardea herodias, Calidris alba, 

Egretta caerulea, Egretta thula, Egretta 

tricolor, Larus delawarensis, Pelecanus 

occidentalis, Phalacrocorax auritus, 

Rynchops niger, Tringa semipalmata 

FID Florida, USA 

(Rodriguez-Prieto et al. 

2009) 

Turdus merula FID Madrid, Spain 

(Rogers et al. 2010) Accipiter cooperii, Accipiter gentilis, 

Accipiter striatus 
CORT Idaho Bird Observatory, USA 

(Romero & Romero 2002) Calcarius lapponicus, Passer domesticus, 

Zonotrichia leucophrys 
CORT Toolik Lake, Alaska; 

Albuquerque, New Mexico, 

USA 

(Romero & Wingfield 2001) Columba livia CORT University of Washington, 

USA 

(Romero et al. 1997) Zonotrichia leucophrys CORT Albuquerque, New Mexico; 

Phoenix, Arizona; Ellensburg, 

Washington; Fairbanks, 

Alaska; Sunnyside, 

Washington, USA 

(Romero et al. 1998a) Plectrophenax nivalis CORT Arctic Research Facility, 

Barrow, Alaska 

(Romero et al. 1998b) Calcarius lappousnicus CORT Near Toolik Lake and near 

Barrow, Alaska 

(Romero et al. 1998c) Carduelis flammea CORT Near Toolik Lake and near 

Barrow, Alaska 

(Romero et al. 2009) Asio otus CORT Western Montana, USA 

(Michael Romero et al. 

2006) 

Passer domesticus CORT Albuquerque, New Mexico; 

Medford, Massachusetts 

(Rouco et al. 2007) Actitis hypoleucos, Anas crecca, Anas 

platyrhynchos, Ardea cinerea, Calidris 

alpina, Calidris ferruginea, Charadrius 

dubius, Charadrius hiaticula, Egretta 

garzetta, Larus ridibundus, Podiceps 

cristatus, Vanellus vanellus 

FID Salamanca, Spain 
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(Ruddock & Whitfield 2007) Accipiter gentilis, Accipiter gentilis, Aquila 

chrysaetos, Aquila chrysaetos, Asio 

flammeus, Asio flammeus, Asio otus, Asio 

otus, Bucephala clangula, Bucephala 

clangula, Caprimulgus europaeus, 

Caprimulgus europaeus, Circus 

aeruginosus, Circus aeruginosus, Circus 

cyaneus, Circus cyaneus, Falco 

columbarius, Falco columbarius, Falco 

peregrinus, Falco peregrinus, Gavia 

arctica, Gavia arctica, Gavia stellata, Gavia 

stellata, Haliaeetus albicilla, Haliaeetus 

albicilla, Loxia curvirostra, Loxia 

curvirostra, Melanitta nigra, Melanitta 

nigra, Milvus milvus, Milvus milvus, 

Pandion haliaeetus, Pandion haliaeetus, 

Parus cristatus, Parus cristatus, Podiceps 

auritus, Podiceps auritus, Tetrao tetrix, 

Tetrao urogallus, Tringa glareola, Tringa 

glareola, Turdus iliacus, Turdus iliacus, 

Turdus pilaris, Turdus pilaris, Tyto alba, 

Tyto alba 

FID Scotland 

(Rutherford 2012) Mimus polyglottos FID South Carolina, USA 

(Schmid et al. 2013) Upupa epops CORT Rhone valley, Valais, 

Switzerland 

(Schoech et al. 1997) Aphelocoma coerulescens CORT Archbold Biological Station, 

Florida, USA 

(Schoech et al. 1999) Junco hyemalis CORT Mountain Lake Biological 

Station, Virginia, USA 

(Schoech et al. 2007) Aphelocoma coerulescens CORT Placid Lakes Estates and 

Archbold Biological Station, 

Florida, USA 

(Schwabl et al. 1991) Sylvia borin CORT Algerian sahara 

(Seltmann et al. 2012) Somateria mollissima FID Southern Finland 

(Silverin 1997) Parus montanus CORT 30 km east of Göteborg, 

Sweden 

(Silverin & Wingfield 1998) Ficedula hypoleuca CORT Forest near Göteborg and 

Ammarnas, Sweden 

(Silverin et al. 1997) Phylloscopus trochilus CORT Forest near Göteborg and 

Ammarnas, Sweden 

(Sims & Holberton 2000) Mimus polyglottos CORT University of Mississippi 

campus, USA 

(Skagen et al. 1991) Corvus brachyrhynchos, Haliaeetus 

leucocephalus, Larus glaucescens 
FID Washington, USA 

(Smith et al. 1994) Pelecanoides urinatrix CORT South Georgia Islands 

(Smith et al. 2007) Phalaropus fulicarius FID Nunavut, Canada 

(Stalmaster & Kaiser 1998) Haliaeetus leucocephalus FID Washington, USA 

Summers, R. personal 

communication 

Podiceps auritus FID Scotland 

(Tartu et al. 2015b) Pagodroma nivea CORT Adélie land, Antarctica. 

(Tartu et al. 2015a) Rissa tridactyla CORT Storholmen, Kongsfjorden, 

Svalbard, Norway 

Tensen & van Zoest 1983 in 

(Smit & Visser 1993) 

Haematopus ostralegus, Larus argentatus, 

Larus ridibundus, Limosa lapponica, 

Numenius arquata, Pluvialis apricaria, 

Tringa totanus 

FID Dutch Wadden Islands, 

Nederlands 

(Thiel et al. 2007) Tetrao urogallus FID Black Forest, Germany; French 

Pyrenees 

(Thomas et al. 2003) Calidris alba FID California, USA 
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(Touchton 2011) Gymnopithys leucaspis, Hylophylax 

naevioides 
CORT Barro Colorado Island and 

Soberania National Park, 

Panama 

(Triplet et al. 1998) Calidris alpina, Haematopus ostralegus, 

Larus argentatus, Larus canus, Larus 

ridibundus, Numenius phaeopus, Tadorna 

tadorna, Tringa totanus 

FID Réserve Naturelle de la Baie 

de Somme, France 

(Triplet et al. 2007) Anas acuta, Anas penelope, Anas 

platyrhynchos, Calidris alpina, Charadrius 

hiaticula, Egretta garzetta, Haematopus 

ostralegus, Larus argentatus, Larus 

ridibundus, Numenius arquata, 

Phalacrocorax carbo, Pluvialis squatarola, 

Tadorna tadorna, Tringa totanus 

FID Réserve Naturelle de la Baie 

de Somme, France 

(Trulio et al. 2011) Charadrius nivosus FID California, USA 

(Tsipoura et al. 1999) Calidris pusilla CORT Manomet, Massachusetts; 

Moore’s Beach, Fortescue, and 

Delaware Bay, New Jersey, 

USA 

Tveraa, T. personal 

communication 

Pagodroma nivea FID Dronning Maud Land, 

Antarctica 

(Valcarcel & Fernández-

Juricic 2009) 

Carpodacus mexicanus FID California, USA 

(Vázquez et al. 2011) Anas sibilatrix, Cygnus melancoryphus, 

Cygnus melancoryphus, Phoenicopterus 

chilensis 

FID Patagonia, Argentina 

(Verboven et al. 2010) Larus hyperboreus CORT Bjørnøya, Svalbard 

(Villanueva et al. 2012) Spheniscus magellanicus CORT Estancia San Lorenzo, 

Peninsula Valdes, Argentina 

(de Villiers et al. 2006) Macronectes halli FID Marion Island 

(Vos et al. 1985) Ardea herodias FID Colorado, USA 

(Walker et al. 2015) Calcarius lapponicus, Plectrophenax nivalis CORT Thule Air Force Base, Thule, 

Greenland 

(Wang et al. 2004) Motacilla alba, Paradoxornis webbianus, 

Parus major, Passer montanus, Streptopelia 

chinensis, Turdus merula 

FID Hangzhou, China 

(Washburn et al. 2002) Carduelis tristis, Passerina cyanea, Vireo 

olivaceus 
CORT Near Rocheport and Current 

River Conservation Area, 

Missouri, USA 

(Webb & Blumstein 2005) Larus occidentalis FID California, USA 

(Welcker et al. 2009) Alle alle CORT Kongsfjorden: Svalbard 

(Wheeler et al. 2009 & 

personal communication) 

Diomedea exulans FID Marion Island 

(Whitfield & Rae 2014) Tringa glareola FID Kautokeino, Norway 

(Wilson & Holberton 2004) Dendroica petechia CORT Churchill River, Manitoba, 

Canada; Jennings Randolph 

Lake, Maryland and West 

Virginia, USA 

(Wilson et al. 1991) Pygoscelis adeliae FID Antarctica 

(Wingfield et al. 1992) Amphispiza bilineata, Campylorhynchus 

brunneicapillus, Pipilo aberti, Scardafella 

inca, Toxostoma curvirostre 

CORT Lower Sonoran desert, Arizona 

(Wingfield et al. 1994a) Carduelis flammea CORT Arctic Research Facility 

(Barrow), Toolik Lake and 

near Fairbanks, Alaska 

(Wingfield et al. 1994b) Calcarius lapponicus, Plectrophenax nivalis CORT Arctic Research Facility, 

Barrow, Alaska 

(Wingfield et al. 1999) Sula nebouxii CORT Isla Isabel: Pacific Ocean 
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(Yorio & Boersma 1992) Spheniscus magellanicus FID Punta Tombo, Argentina 
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Appendix B: Additional sources of species-specific characteristics, such as body mass, habitat type, level of 

aggregation, diet and longevity.  
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Table A.1: Results of the linear mixed model exploring the factors explaining flight initiation distance (i.e. 

escape response) across bird species when approached by humans. Represented are the posterior means of 

the effect of each variable with its corresponding 95% credible interval (CrI). Posterior means are the non-

transformed estimates referring to the log-transformed FID values. 

Effects   Posterior mean CrI 95% 

Intercept 4.489 3.744; 5.208 

Urbanization     

                 Non-urban / / 

                 Urban -0.652 -0.728; -0.569 

Latitude (absolute  values; º) -0.025 -0.030; -0.019 

Habitat     

                Closed / / 

                Mixed 0.265 0.096; 0.426 

                Open 0.333 0.127; 0.526 

Life-history stage     

              Overwintering / / 

              Breeding -0.137 -0.539; 0.230 

              Early breeding 0.010 -0.652; 0.686 

              Parental phase -0.974 -1.470; -0.456 

              Postbreeding -0.419 -0.854; -0.032 

              Migration 0.148 -0.283; 0.563 

ln (Body mass; kg) 0.226 0.139; 0.316 

Degree of crypticity (%) -0.003 -0.007; 0.0002 

Probability of disruptive coloration 0.783 -0.048; 1.715 

Probability of disruptive coloration2 -1.812 -3.480; -0.165 

Diet     

              Herbivores / / 

              Omnivores -0.158 -0.381; 0.089 

              Carnivores -0.136 -0.402; 0.147 

Level of aggregation      

              Large group / / 

              Small group -0.161 -0.299; -0.002 

              Solitary/pairs -0.067 -0.242; 0.101 

Longevity (years) 0.036 0.005; 0.066 

Longevity (years)2 -0.001 -0.002; -0.0003 

FID-measurement technique     

              Direct measurement / / 

              Expert communication -1.864 -2.717; -0.913 

/ = Reference category (included in the Intercept) 

Random factors(+variance component estimates) = study(1.22)+ phylogeny(0.29 )+ species(0.02) (+ residual 
variance (0.19)) 

Phylogenetic signal: λ = 0.17 
N = 878. Note that this is the total raw sample size, but in mixed models effective sample sizes lie somewhere 

between the total sample size and the number of clusters defined by the random factors (Snijders & Bosker 

2012) 
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Table A.2: Results (posterior means ± 95% credible intervals) of the linear mixed model investigating the 

factors modulating corticosterone levels across bird species. Posterior means are the non-transformed 

estimates refering to the log-transformed CORT concentrations. 

Effects   Posterior mean CrI 95% 

Intercept 0.191 -0.950; 1.423 

Sampling time 0.191 0.096; 0.145 

Sampling time2 -0.0010 -0.0011; -0.0009 

Urbanization     

              Non-urban / / 

              Urban -0.297 -0.720; 0.155 

              Urban × Sampling time 0.004 -0.006; 0.014 

Latitude (absolute  values; º) 0.002 -0.006; 0.009 

Latitude (absolute  values; º) × Sampling time 0.0001 -0.00004; 0.0003 

Habitat     

              Closed / / 

              Mixed 0.227 -0.076; 0.562 

              Open 0.057 -0.306; 0.469 

              Mixed × Sampling time -0.005 -0.011; 0.001 

              Open × Sampling time -0.003 -0.009; 0.003 

Life-history stage     

              Overwintering / / 

              Breeding -0.461 -0.847; -0.097 

              Early breeding 0.300 -0.051; 0.640 

              Parental phase -0.056 -0.393; 0.276 

              Moult -0.087 -0.483; 0.318 

              Postbreeding 0.318 -0.234; 0.832 

              Migration 0.537 0.151; 0.955 

              Breeding × Sampling time -0.002 -0.011; 0.007 

              Early breeding × Sampling time -0.007 -0.015; 0.0003 

              Parental phase × Sampling time -0.005 -0.013; 0.002 

              Moult × Sampling time -0.013 -0.022; -0.004 

              Postbreeding × Sampling time -0.008 -0.021; 0.004 

              Migration × Sampling time -0.012 -0.020; -0.004 

ln (Body mass; kg) -0.194 -0.314; -0.075 

ln (Body mass; kg) × Sampling time 0.003 0.001; 0.006 

Degree of crypticity (%) -0.00006 -0.009; 0.009 

Degree of crypticity (%) × Sampling time -0.00006 -0.0002; 0.00009 

Probability of disruptive coloration 1.67 -0.011; 3.508 

Probability of disruptive coloration2 -4.916 -7.749; -1.721 

Probability of disruptive coloration × Sampling time -0.031 -0.070; 0.005 

Probability of disruptive coloration2 × Sampling time 0.091 0.018; 0.169 

Diet   

              Herbivores / / 

              Omnivores 0.282 -0.306; 0.886 

              Carnivores 0.501 -0.070; 1.125 

              Omnivores × Sampling time -0.006 -0.016; 0.006 

              Carnivores × Sampling time -0.010 -0.022; 0.002 

Level of aggregation      

              Large group / / 

              Small group -0.299 -0.649; 0.053 

              Solitary/pairs -0.053 -0.384; 0.279 

              Small group × Sampling time -0.002 -0.010; 0.006 

              Solitary/pairs × Sampling time 0.0006 -0.008; 0.008 

Longevity (years) 0.040 -0.006; 0.092 

Longevity (years) 2 -0.0008 -0.0017; 0.0001 

Longevity (years) × Sampling time -0.0007 -0.0017; 0.0002 

Longevity (years) 2 × Sampling time 0.00002 0.000002; 0.00004 

CORT-measurement assay     

              EIA / / 

              RIA 0.453 -0.030; 0.957 

              RIA × Sampling time -0.011 -0.020; -0.0008 

Bird capture method     

              Positive / / 

              Mixed -0.137 -0.544; 0.310 

              Neutral 0.278 -0.122; 0.720 

              Negative 0.175 -0.294; 0.598 

              Mixed × Sampling time  0.003                     -0.004; 0.010 

              Neutral × Sampling time 0.001 -0.006; 0.009 

              Negative × Sampling time 0.0005 -0.008; 0.009 

/ = Reference category (included in the Intercept) 
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Random factors(+variance component estimates) = study(0.03)+ laboratory(0.08)+ phylogeny(0.09)+ species(0.02) 

+ID(0.09)  (+ residual variance (0.17)) 
Phylogenetic signal: λ = 0.17 

N = 574. Note that this represents the total raw sample size, but in mixed models effective sample sizes lie somewhere 

between the total sample size and the number of clusters defined by the random factors (Snijders & Bosker 2012) 
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Figure A.1: Methodological factors influencing FID or CORT levels. Effect (estimate ± 95% credible 

intervals) of the technique used to determine FID (a), of CORT-measurement assay used in the lab (b) and of 

the capture method for blood sampling (c & d*). The latter (c & d*) show different representations of the 

same data, first (c) the variation in CORT levels across the entire sampling-time range, and second (d*) only 

CORT levels at baseline (around 1 min; black squares) and around 30 min after capture (black triangles) 

with their credible intervals (dashed line) for each category, as well as the increase in CORT between both 

sampling times (solid black line). This latter representation allows for more straighforward comparison 

among capture methods, since the overlapping curves make inference difficult. PPs are the posterior 

probabilities that FID or CORT levels differ among categories of a given factor (PP used for differences 

between FID means, PPb for differences between baseline CORT levels, PP30 for differences between 

CORT levels at 30 minutes, and PPi for differences between increments from CORT at 1 min to CORT at 30 

min). The higher this probability (from 0.5 to 1), the more likely the difference. For factors with more than 

two categories, for reference the categories differing with a PP over 0.9 are labelled with different letters 

(pairwise PPs are shown in the table Table A.4).  
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Table A.3: Posterior probabilities that estimated FID means differ between pairs of categories in factors 

with more than 2 categories. The higher this probability (from 0.5 to 1), the stronger the support for the 

difference.  

  

 

Closed Mixed Open

Closed NA 1 1

Mixed 1 NA 0.78

Open 1 0.78 NA

Overwintering Breeding Early breeding Parental phase Postbreeding Migration

Overwintering NA 0.75 0.52 1 0.98 0.76

Breeding 0.75 NA 0.68 1 0.94 0.84

Early breeding 0.52 0.68 NA 1 0.92 0.63

Parental phase 1 1 1 NA 0.99 1

Postbreeding 0.98 0.94 0.92 0.99 NA 0.98

Migration 0.76 0.84 0.63 1 0.98 NA

Herbivores Omnivores Carnivores

Herbivores NA 0.90 0.84

Omnivores 0.84 NA 0.60

Carnivores 0.90 0.60 NA

Large group Small group Solitary/Pairs

Large group NA 0.98 0.78

Small group 0.98 NA 0.91

Solitary/Pairs 0.78 0.91 NA

PP (Type of habitat)

PP (Life-history stage)

PP (Type of diet)

PP (Level of aggregation)
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Table A.4: Posterior probabilities that CORT levels and CORT reactivity differ between pairs of categories 

in factors with more than 2 categories (PPb represents differences between baseline CORT levels, PP30 

differences among CORT levels at 30 minutes, and PPi differences between increments from CORT at 1 

min to CORT at 30 min). The higher this probability (from 0.5 to 1), the more likely the differences. 
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Figure A.2: Variation in CORT levels across the whole sampling-time range for the categorical variables. 

These figures represent a visual support to the PPb/PPi/PP30 of Table A.4, and to the Figure 3 in the main 

text, since the overlap of their multiple curves impedes the inference of the results directly from these 

figures. 
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Table A.5: Table showing, for each modulating factor, the variation available in the database used in the 

FID model, in the CORT model and in the multivariate model. For continuous variables, the variation is 

expressed with the mean and the range of values. In the case of categorical variables the percentage of data 

belonging to each category is presented. 

 

Variables FID model CORT model Multivariate model 

Latitude (absolute values; º) 47.8 (0.7-78.6) 50.1 (9.2-82.5)  50.0 (9.2-82.5) 

Body mass (kg) 0.5 (0.006-12.2) 0.5 (0.008-12.2) 0.4 (0.008-12.2) 

Degree of crypticity (%) 32.5 (1.7-78.8) 39.7 (7.5-85.8) 33.0 (7.5-76.7) 

Probability of disruptive coloration 0.1 (0-0.8) 0.1 (0-0.8) 0.1 (0-0.8) 

Longevity (years) 18.5 (3.2-50.0) 15.8 (4.0-50.9) 16.7 (6.1-46.0) 

Urbanization    

 Non-urban 72.4% 90.7% 65.5% 

 Urban 27.6% 9.3% 34.5% 

Life-history stage    

 Overwintering 11.8% 13.6% 8.6% 

 Breeding 56.7% 7.1% 42.6% 

 Early breeding 3.0% 21.9% 8.6% 

 Parental phase 13.1% 36.7% 22.6% 

 Moult  4.9%  

 Postbreeding 10.3% 3.0% 9.2% 

 Migration 5.1% 12.8% 6.7% 

Diet     

 Herbivorous 14.8% 4.1% 20.9% 

 Omnivorous 48.9% 46.5% 51.0% 

 Carnivorous 36.3% 49.4% 28.1% 

Level of aggregation    

 Large group 15.5% 22.3% 21.7% 

 Small group 23.6% 20.8% 32.0% 

 Solitary/pairs 60.9% 56.9% 46.2% 

Habitat    

 Closed 19.7% 30.7% 30.1% 

 Mixed 36.8% 23.0% 41.5% 

 Open 43.5% 46.3% 28.4% 

 

 



 

57 
 

Table A.6: Results (posterior means ± 95% credible intervals) of the multivariate mixed model explaining 

the relationship of modulating factors simultaneously with flight initiation distance (i.e. escape response) 

and with CORT reactivity across bird species. Posterior means are the non-transformed estimates refering to 

the log-transformed FID values and to the square-root of corticosterone increases from baseline to stress 

values (i.e. square-root of corticosterone slope).  

 

    FID   CORT reactivity 

Effects   

Posterior 

mean CrI 95%   Posterior mean CrI 95% 

Intercept 2.347 0.002; 5.124   0.384 -1.310; 2.103 

Urbanization           

                 Non-urban / /   / / 

                 Urban -0.606 -0.777; -0.423   -0.236 -0.799; 0.262 

Latitude (absolute values; º) -0.032 -0.045; -0.019   -0.002 -0.013; 0.008 

Habitat           

                Closed / /   / / 

                Mixed 0.041 -0.816; 1.009   0.25 -0.260; 0.725 

                Open 0.115 -0.963; 1.291   0.31 -0.309; 0.903 

Life-history stage           

              Breeding    / /   / / 

              Overwintering -0.281 -1.444; 0.924   0.181 -0.200; 0.570 

              Early breeding 0.714 -0.282; 1.634   0.102 -0.305; 0.488 

              Parental phase -0.629 -1.386; -0.007   0.102 -0.252; 0.522 

              Postbreeding 0.375 -0.695; 1.501   0.227 -0.272; 0.819 

              Migration 0.65 -0.888; 2.243   0.013 -0.574; 0.597 

ln (body mass; kg) -0.108 -0.444; 0.252   -0.036 -0.213; 0.126 

Degree of crypticity (%) 0.001 -0.022; 0.024   0.002 -0.013; 0.018 

Probability of disruptive coloration 0.458 -4.197; 4.704   0.699 -1.585; 3.254 

Probability of disruptive coloration2 -3.063 -11.140; 4.007   -1.398 -5.040; 2.221 

Diet           

              Hervibores / /   / / 

              Omnivores -0.437 -1.891; 1.088   0.135 -0.554; 0.956 

              Carnivores 0.356 -0.986; 1.615   -0.093 -0.950; 0.728 

Level of aggregation            

              Small group / /   / / 

              Large group -0.084 -0.658; 0.574   0.093 -0.217; 0.362 

              Solitary/pairs 0.145 -0.357; 0.680   0.086 -0.159; 0.349 

Longevity (years) 0.165 0.006; 0.325   0.019 -0.074; 0.110 

Longevity (years)2 -0.004 -0.007; -0.0004   -0.0002 -0.002; 0.002 

              

/ = Reference category (included in the Intercept)       

Distribution = log-normal; link = identity; random factors = study+phylogeny+species     
N = 261. Note that this is the total raw sample size, but in mixed models effective sample sizes lie somewhere between the  

total sample size and the number of clusters defined by the random factors (Snijders & Bosker 2012) 
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Figure A.3: Estimates obtained from the multivariate mixed model (Table A.6) for the association of 

modulating factors with flight initiation distance and CORT reactivity (estimated means ± 95% credible 

intervals). Posterior probabilities (PP = 0.5 - 1) represent the strength of the support for a given effect. For 

factors with more than two categories, as a reference different letters represent categories differing with a PP 

above 0.9. 
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